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Abstract

Background: Globally, glaucoma is the leading cause of irreversible blindness. Pseudoexfoliation
glaucoma is the most common form of secondary open angle glaucoma. Purpose: To determine the
prevalence and characteristics of pseudoexfoliation glaucoma (PXG) among newly diagnosed glau-
coma patients in Eye Foundation Hospital Ikeja, Guinness Eye Center, Lagos University Teaching
Hospital and Deseret Community Vision Institute, Ijebu Imushin. Methods: This hospital-based,
descriptive cross-sectional study included newly diagnosed adult glaucoma patients at the glau-
coma clinics of three tertiary eye care centers. A study proforma was used to obtain socio-demo-
graphic information, medical history, ocular history and relevant findings on ocular and systemic
examination. Descriptive and comparative statistical analyses were performed. Values were con-
sidered statistically significant where P < 0.05. Results: One hundred and forty adult glaucoma pa-
tients aged 60.5 + 11.9 SD years and male to female ratio of 2:1 were examined. The prevalence of
PXG among the glaucoma patients was 16.9%. The pseudoexfoliative material (PXM) was most
commonly found on the pupil (39%). Common ocular features seen among PXG patients were poor
pupillary dilation with mydriatic agents (44%) and Sampaolesi’s line in the anterior chamber an-
gle (41%). A higher proportion of PXG patients than primary open angle glaucoma (POAG) pa-
tients showed signs of severe glaucoma, including severe optic disc cupping (P = 0.019) and visual
field defects (P = 0.014). Hearing defects were the only significantly associated non-ocular feature
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(P = 0.0005). Conclusion: The prevalence of PXG was 16.9%. This implies that it is relatively com-
mon in Nigeria. Hearing loss is an important non-ocular association. Careful ocular examination of
glaucoma patients is recommended to identify PXG, which runs a more severe clinical course than
POAG.
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1. Introduction

Glaucoma is the second leading cause of blindness and the leading cause of irreversible blindness worldwide [1].
It accounts for 12.3% of the 37 million cases of blindness globally [2] and is characterized by optic neuropathy,
a typical visual field defect for which elevated intraocular pressure (IOP) is a risk factor [3]. Glaucoma may be
congenital or acquired. Sub-classification into open-angle and angle-closure types is premised on the mechanism
by which aqueous outflow is impaired in relation to anterior chamber angle anatomy. A distinction is also made
between primary and secondary glaucoma; in the latter, an identifiable ocular or nonocular disorder contributes
to elevation of 10P [4]. The higher IOP observed in PXG can lead to more rapid optic nerve damage, visual field
loss and increased risk of blindness [5]. Primary open-angle glaucoma (POAG) is the most common form of
adult glaucoma, while pseudoexfoliation glaucoma (PXG), characterized by the presence of pseudoexfoliative
material, is the most common identifiable form of secondary open-angle glaucoma worldwide. PXG occurs as a
complication of pseudoexfoliation syndrome (PXS) [6] [7]. PXS is an age-related, generalized disorder of the
extracellular matrix, first described in 1917 by Finnish ophthalmologist John Lindberg [8]. The syndrome is
characterized by flakes of granular material throughout the inner surface of the anterior chamber [9]. PXS is a
known risk factor for developing cataract [10]. Complicating factors such as poor mydriasis and zonular weak-
ness have all been reported after cataract surgery [11] [12]. PXS is considered to be a systemic disorder [13]. An
association between PXS and sensorineural deafness has also been reported [14] [15].

The prevalence of PXS in Nigerian communities has been reported to be very low [16]. However; several in-
vestigators have reported high proportions of PXG among patients with PXS, ranging from 30.3% [17] to 67%
[16].

The prevalence of PXG among glaucoma patients varies in different communities. A study in United States
reported PXG among glaucoma patients to be 19% [18]. In South India, PXG was found in 4.2% of glaucoma
patients [19]. In Western India, prevalence of PXG increased with increasing age, reaching 30% in the popula-
tion aged 60 years and older [20]. A survey in Pakistan showed that out of 3195 patients, 58 (1.81%) had pseu-
doexfoliation syndrome, out of which 21 patients showed PXG [21]. In Nigeria; the prevalence of PXG among
open-angle glaucoma patients was 3.6% [16].

Poor clinical search for the disease and dearth of published data may have been responsible in part for the as-
sumed low prevalence in Nigeria and West African communities. The first study regarding pseudoexfoliation
syndrome in Nigeria, published by Olawoye et al. [16] in 2012, reported its prevalence in an eye clinic in Ibadan,
Nigeria. This present study determined the prevalence of pseudoexfoliation glaucoma and its characteristics in
the glaucoma clinics of three tertiary eye hospitals in southwestern Nigeria. As well as adding to the fledgling
literature, it is hoped that the findings will contribute to informed intervention to fill the gap in treatment for this
subtype of primary open glaucoma among practicing ophthalmologists.

2. Materials and Methods
2.1. Background

The study was conducted at three tertiary eye care facilities: Eye Foundation Hospital (EFH) in Ikeja, Lagos,
Guinness Eye Center (GEC) at the Lagos University Teaching Hospital (LUTH) in Idi-Araba, Lagos, and Dese-
ret Community Vision Institute (DCVI) in ljebu-Imushin, Ogun State. The three centers are located in two of the
six states of the southwest geopolitical zone of Nigeria, and all are equipped to provide basic and specialist
medical, optical, laser and surgical eye care services to the population of the two states and environs. Average
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annual hospital admissions are 1055, 240 and 555 for EFH, LUTH and DCVI respectively. These centers are
major referral centers, board certified for residency and various subspecialty training in ophthalmic postgraduate
education.

2.2. Study Design

This was a multi-center, descriptive, cross-sectional study conducted among newly diagnosed glaucoma patients
at EFH, DCVI and GEC between October 2012 and October 2013.

2.3. Sample Size Determination

The sample size was estimated to be 139 using the Zar formula [22] for descriptive cross sectional studies after
making allowance for attrition, non-responders and incomplete data.

2.4. Study Eligibility

Consenting patients aged over 40 years with newly diagnosed OAG were included in the study, while patients
with ocular hypertension as well as those who refused participation were excluded from the study.

2.5. Ethics

Ethics approval consistent with the tenets of the 1964 Declaration of Helsinki was obtained from Ethics and Re-
search Committee of LUTH (ADM/DCST/HREC/Vol. XVI/APP/765).

2.6. Study Procedure

The study comprised two stages. Stage 1 was the establishment of the diagnosis of glaucoma. Distance visual
acuity was tested using a Snellen chart or tumbling E chart placed 6 meters from the participant. Visual acuity
was classified based on the WHO classification of visual impairment and blindness [23]. Under this classifica-
tion, vision is classified as normal vision, moderate visual impairment, severe visual impairment and blindness.

A pen light was used to assess pupillary response. The iris was examined with a slit lamp biomicroscope. The
intraocular pressure (IOP) was measured using a slit lamp biomicroscope with an attached Haag-Streit Gold-
mann applanation tonometer. Central corneal thickness measurement was done using the Alcon Ocuscan RxP
ultrasonic pachymeter, S/N 1002460101X. Herndon’s formula was utilized for the calculation of true 10P [24].
The pupil was dilated using 1% tropicamide. The posterior segment was examined using a +78D Volk lens in-
direct slit lamp biomicroscope.

Ocular perimetry was done to confirm glaucoma in those with suspicious discs using the central visual field
(CVF) perimeter (Zeiss Humphrey Matrix FDT). A reliable result was expected to have fixation losses < 20%,
false negatives < 33% and false positive < 33%. The mean deviation of the most reliable CVF was coded and
recorded. Only eyes with visual acuity > 3/60 were suitable for CVF. Those with IOP > 21 mmHg, with other
features suggestive of glaucoma, were regarded as high tension glaucoma patients. However, those with 10P >
21 mmHg without features suggestive of glaucoma were regarded as ocular hypertensive patients and were ex-
cluded from the study.

In Stage 2, following diagnosis of glaucoma, patients were given an appointment within one week for exami-
nation of the eye for pseudoexfoliation and subsequent treatment. The patients to enter Stage 2 were selected by
simple random sampling through balloting. The study proforma was used to obtain bio-demographic informa-
tion, relevant medical and social history. All patients underwent a fasting blood sugar measurement (FBS) and
2-hour postprandial test (2 HPP), done using a glucometer. Those with fasting blood sugar (FBS) > 7.1 mmol/L
and 2 HPP > 11.1 mmol/L, with or without history of diabetes, were classified as having diabetes mellitus.
Blood pressure measurement was done using a mercury sphygmomanometer. Systemic hypertension was consi-
dered in patients with two consecutive systemic blood pressure (SBP) > 140 mmHg and/or diastolic blood pres-
sure (DBP) > 85 mmHg [25].

A history of significant alcohol intake was defined, based on recommendations from NHS Scotland, as inges-
tion of more than 21 units of alcohol per week for men and more than 14 units per week for women [26]. A pos-
itive history of smoking was defined as having smoked 1 pack-year or more for five years. One pack-year means
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smoking 20 cigarettes a day, every day for 1 year [27].

Self-reported history of hearing loss was also documented. However, types of hearing loss were not distin-
guished.

These steps were followed by a careful anterior segment slit lamp examination for pseudoexfoliative material
on anterior segment structures. Gonioscopy was done using a three-mirror gonio lens to determine open or
closed angle of the anterior chamber, presence of dandruff-like materials in the trabecular meshwork, and as-
sessment of Sampaolesi’s line and trabecular pigmentation.

2.7. Definition of Terms

The following terminologies and classifications were used in the study.

Pseudoexfoliation syndrome (PXS): This was defined by the presence of pseudoexfoliative material (PXM)
at the pupil border on undilated examination, or anterior lens capsule on dilated examination, or by the trabecu-
lar meshwork on gonioscopy, with or without Sampaolesi’s line and pigment deposition in the angle [8].

Pseudoexfoliation glaucoma (PXG): This was defined by the presence of glaucoma as defined above with
PXS [6].

Pupil dilation: A good pupil dilation was noted when pupil size was > 5 mm at least 30 minutes following
the application of a short-acting mydriatic agent, and poor if pupil size was 5 mm or less.

Severity of glaucoma: This was determined by the cup-disc ratio (CDR) and CVF. CDR of 0.5 - 0.6 was
considered mild damage, 0.6 - 0.8 was considered moderate damage, and greater than 0.8 was considered severe
damage.

The severity of glaucoma was classified based on the gray scale and mean deviation using the Hodapp- Par-
rish-Anderson criteria for staging glaucoma [28]. Accordingly in the grey scale, no visual field changes are tak-
en as normal, generalized depression/Siedel scotoma as mild defect, semi-arcuate-bi-arcuate/ring scotoma as
moderate defect and tunnel-complete loss as severe defect. On the mean deviation, —0.01 to —6.00 dB is re-
garded as early defect, —6.01 to —12.00 dB as moderate defects, —12.01 to —20.00 dB as advanced defect
and >—20 dB or worse as severe defect.

2.8. Data Analysis

Data were analyzed using the Statistical Package for Social Sciences (SPSS), version 16 (SPSS Inc), and re-
ported as frequency distributions, percentages and means + standard deviation (SD). Statistical testing for signi-
ficance of observed intergroup differences were performed using the chi-square test for categorical variables and
Student’s t-test for continuous variables. In all comparisons, P < 0.05 was considered to be statistically signifi-
cant (confidence level = 95%).

3. Results

One hundred and forty adult glaucoma patients were recruited for the study. The age range was between 40 and
89 years with mean age of 60.5 £ 11.9 SD. There were 93 (66.4%) males and 47 (33.6) females (M:F, 2:1). Pa-
tients were predominantly Yorubas 76 (54.3%). Sociodemographic information is shown in Table 1.

Thirty four patients (24.2%) reported a significant history of alcohol intake, and 7 (5%) were regular smokers.
The social and medical history of the study patients is presented in Table 2.

The age-adjusted prevalence rate of PXG among newly diagnosed POAG patients was 16.9% as calculated by
indirect standardization. PXM was seen on the pupil (39%), on the iris (34%), anterior capsule (20%), anterior
chamber (5%), and on the corneal endothelium (2%).

The ages of PXG patients were between 45 and 82 years with mean age of 60.8 + 9.3 years and modal age of
50 - 59. A higher proportion of PXG patients were males compared to females, with a ratio of 1.6:1.

Out of the 25 patients with PXG, 19 (76%) were found to have bilateral PXG and the remaining 6 (24%) had
unilateral PXG, four in the right eye and two in the left eye.

Ocular features seen among the PXG patients are shown in Table 3. Pupil size was found to be 5 mm or less
30 minutes after application of topical tropicamide in 44% of PXG patients (OR 0.615, P = 0.0001, CI 0.454 -
0.834).

A higher proportion of PXG patients, 20; 80%), had cataracts when compared with the POAG group, 72
(69.2%) (,* = 0.612, OR = 2.34, P = 0.367, Cl = 0.81 - 6.75).
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The vertical cup-disc ratio was compared in PXG and POAG patients, as shown in Table 4. The missing data
were unable to be obtained from patients whose fundi could not be viewed.

There was no statistically significant difference between the mean IOP values of patients with PXG and
POAG in either eye (PXG vs POAG: right eye 18.7 + 8.0, left eye 20.0 + 10.2, P = 0.875 vs right eye 19.1 + 9.6,
left eye 18.5 £ 0.443, P = 0.443).

The extent of visual field damage in PXG patients was found to be severe compared to POAG patients, and

Table 1. Socio-demographic distribution of study patients.

Variables Frequency Percentage (%)
Age group (years)
40-49 29 20.1
50 - 59 42 30.2
60 - 69 30 21.6
70-79 31 22.3
80 -89 8 5.8
Total 140 100.0
Sex
Male 93 66.4
Female 47 33.6
Total 140 100.0
Tribal distribution
Yoruba 76 54.3
lbo 31 22.1
Edo/Delta 16 114
Hausa/Fulani 12 8.6
Others 5 35
Total 140 100.0
Religion
Christianity 112 80.0
Islam 25 17.9
Others 3 2.1
Total 140 100.0
Occupational status
Retired 40 28.8
Self employed 32 23.0
Professional 26 18.6
Civil servant 22 15.1
Avrtisan 15 10.7
Farmer 4 2.9
Unemployed 1 0.7
Total 140 100.0
Educational status
None 2 14
Primary 5 3.6
Secondary 3 25.7
Tertiary 97 69.3
Total 140 100.0
Table 2. Social and medical history of the study patients.
. Positive Negative
Variables
Frequency (%)
Alcohol 34 (24.2) 106 (75.8)
Smoking 7 (5) 133 (95.0)
Systemic hypertension 68 (48.6) 72 (51.4)
Diabetes mellitus 28 (20.0) 112 (80.0)
Hearing defect 17 (12.1) 123 (87.9)




C. Onochie et al.

this was in tandem with the optic disc damage (PXG vs POAG: 47.8% vs 21.3%, P = 0.015).

Patients aged between 50 and 59 accounted for most of the PXG 8 (32%) and POAG 28 (26.8%) cases. Table
5 shows the age distributions of PXG and POAG patients. A higher proportion of males accounted for onset of
PXG 15 (60%) and POAG 71 (68.3%) though not statistically significant, Table 6.

Table 3. Ocular features peculiar to PXG eyes among study patients.

Ocular features Frequency Percentage
Corneal
Epithelial defects 6 13.6
Endothelial defects 2 4.6
Iris
Iridodonesis 3 6.8
Transillumination 3 6.8

Anterior chamber angle

Sampaolesi’s line 18 41.0
Pigmentation 12 27.2
Total 44 100

Table 4. Optic disc damage in PXG and POAG patients.

RIGHT EYE LEFT EYE
CDR PXG POAG PXG POAG
Frequency (%) Frequency (%)

<0.4 4 (16) 2(2) 3(12) 2(2)
05-06 4 (16) 17 (17) 2(8) 14 (14)
0.65-0.8 3(12) 32(31) 7 (28) 43 (44)
0.85-1.0 12 (48) 41 (38) 12 (48) 38 (37)
Missing 2(8) 12 (12) 1(4) 3(3)

Total 25 (100) 104 (100) 25 (100) 104 (100)
p-value 0.019 0.145

Table 5. Age distribution of PXG and POAG patients.

Age range PXG frequency (%) POAG
40 - 49 5 (20) 19 (18.3)
50 - 59 8(32) 28 (26.8)
60 - 69 5 (20) 24 (23.0)
70-79 5 (20) 22 (21.2)
80 - 89 2(8) 11 (10.7)

Total 25 (100) 104 (100)

2% =45.841, df = 1, P = 0.0001.

Table 6. Effect of gender on the onset of PXG.

GENDER Frequency (%0)

Variables p-value
Male Female Total
PXG 15 (60.0) 10 (40.0) 25(19.3) 0363
POAG 71 (68.3) 33 (31.7) 104 (80.7)
Total 86 (66.7) 43 (33.3) 129 (100)*

Chi square test = 1.715 Odd Ratio = 0.783, 95% CI of OR (0.33 - 1.84).
Key = Only 129 patients among the total 140 patients were compared that is 25 patients with PXG and 104 pa-
tients with POAG. The other patients were excluded from the comparison.
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Patients a with positive history of cigarette smoking were significantly more common in the PXG group 5
(17%) (P = 0.002, OR 21.04, Cl 2.23 - 188.52).

A higher proportion of patients in the PXG group, 15 (60%), were found to have systemic hypertension, as
compared with the POAG group (46.1%). For diabetes mellitus, the proportions of patients with the condition in
the PXG and POAG groups were 24% and 17%, respectively. However, these differences were not statistically
significant (P = 0.187 for systemic hypertension; P = 0.291 for diabetes mellitus).

4. Discussion

The mean age of the glaucoma patients in this study was similar to the mean age of 58.13 + 13.8 observed in a
similar study of Nigerian patients by Olawoye et al. [16], and 67.4 + 2 observed in a South African study by
Mdlankomo [29]. The modal age of the patients was in the 50 - 59 years age group for both PXG and POAG.
This is reflective of the age specific study population of these studies.

There were more men than women with PXG in this study. This is similar to findings in surveys by Olawoye
et al. and Mdlankomo [16] [29]. This may be accounted for by the larger proportion of male participants in the
surveys. There was a predominance of the Yoruba tribe in the study population, and this was similar to findings
in the study by Olawoye et al. [15]. This study was carried out in the southwestern part of Nigeria, which is
predominantly populated by the Yoruba ethnic group.

The prevalence rate of PXG among glaucoma patients in this study was in agreement with studies by Stephen
et al. [30] and Rotchford et al. [31], which found the prevalence of PXG among glaucoma patients to be 16.4%
and 25%, respectively. Olawoye et al. and Thomas et al. found much lower PXG prevalence, 3.5% and 4.2%
respectively [16] [19]. This disparity may have been due to the larger sample size used in these studies.

The laterality of PXG observed in this study was similar to the findings by Yeshigeta et al. [32], which noted
a bilateral occurrence of 66.7% and unilateral occurrence of 33.7%. This observation also concurred with other
similar studies [33]-[38]. This is expected since the disease process is usually bilateral, as elucidated by Prince et
al. [39].

Pseudoexfoliative materials (PXM) were predominantly seen on the pupil, anterior iris and anterior lens cap-
sule in decreasing frequency in PXG patients. The finding of 39% of PXM on the pupillary margin was in con-
formity with studies by Ghosh et al. that documented pseudoexfoliates to be found on the pupillary margin in 32%
- 94% of PXS cases [40].

Poor pupillary dilation was observed in PXG patients and was clinically significant (P = 0.0001). This was in
agreement with other studies showing eyes with PXS to have significantly more poorly dilating pupils compared
to those with POAG and diabetes [5] [37]. This is as a result of infiltration of iris stroma with excessive extra-
cellular matrix, causing mechanical obstruction of the dilator muscles during mydriasis [41]. Furthermore, his-
tological studies have shown the presence of fibrotic disorganized or degenerative muscle tissue in most PXS
and PXG specimens and not in controls [5] [42]. Poor dilation also may be partly due to subclinical posterior
synechiae from the PXM forming an apposition to the posterior iris.

There was no statistically significant difference in IOP between the PXG and POAG groups. Although in a
few cases PXG patients had higher I0OP, these findings may be due to chance. This finding was in contrast to
previously published results, in which PXG patients have shown higher IOPs than POAG patients [43] [44]. The
reason for this difference may be due to a relatively smaller sample population used in this study, or perhaps in
our environment, IOP in PXG patients may be similar to that in POAG patients. However, Olawoye et al. in
their study in a Nigerian environment noted a higher IOP amongst patients with PXS than in those without [16].
Hence, further studies on the IOP comparison between these two groups of glaucoma patients are necessary in
Nigeria to establish the pattern of differences in IOP between these groups of patients.

A higher proportion of optic disc cupping was observed among PXG patients in comparison to POAG pa-
tients, and this was clinically significant (P = 0.019). This finding agrees with other studies confirming that
glaucoma in PXS has a more serious clinical course and worse prognosis than POAG [5] [45]. Another study
showed eyes with unilateral PXS having unilateral optic disc changes in the eyes with PXS, even though equal
IOP was observed in both eyes of the pairs [46]. This suggests that the exfoliative process itself may be a risk
factor for optic disc changes.

Visual field damage seen in PXG patients was found to be more severe than in POAG patients and this was
clinically significant (P = 0.014 in the right eye and P = 0.025 in the left eye). This is also in agreement with the
other studies that show PXG patients to have a significantly higher frequency and severity of visual field dam-



C. Onochie et al.

age than POAG patients [5] [47]. The implication for practice is that eye care providers will need to search for
this subtype of glaucoma while evaluating glaucoma patients in order to institute appropriate treatment to com-
bat the more aggressive nature of this disease.

In this study, there was a statistically significant relationship (P = 0.0005) between hearing loss and PXG.
Shazly et al. noted a clinically significant hearing loss in 8.1% of PXS patients [17]. The comparatively high
frequency noted in this study may be due to differences in the study populations. In addition, history of hearing
loss in this study was self-reported. No objective evaluation of hearing loss was done. Shazly et al’s survey was
among PXS and not PXG patients. Cahill et al. reported that a large proportion of patients with PXS have senso-
rineural hearing loss in comparison to age matched controls, regardless of whether or not there is associated
glaucoma [48]. Furthermore, Turgut et al. in a recent study reported a high prevalence of asymptomatic vestibu-
lar dysfunction among patients with PXS [49].

Previous studies have shown PXS and PXG to be associated with increasing age [5] [50]. This pattern was not
seen in this study, which found no significant difference in the ages of patients with PXG vs POAG. Other
possible risk factors that were assessed in this study included gender, effect of alcohol, systemic hypertension
and type 2 diabetes mellitus, all of which showed higher proportions in PXG patients but these findings were not
statistically significant.

Limitations of the Study

Extrapolation of findings from this study is limited by its hospital-based nature. The inter-observer variations of
cup-disc ratio are also a limitation of findings in this study. In addition, the diagnosis of pseudoexfoliation glau-
coma was strictly on clinical evaluation without a polymerase chain reaction to identify the lysyl-oxidase-like-1
(LOXL1) gene. This method has the potential to result in false positives, exaggerating the estimated prevalence.
Hearing loss was only self-reported and there was no objective measurement of the type of hearing loss carried
out in the study. This could have misrepresented its frequency in the PXG population.

5. Conclusion

The prevalence of pseudoexfoliation glaucoma is relatively higher than what was previously reported among
glaucoma patients within our environment. Significant association with PXG was found for poor pupillary dila-
tation, severe clinical course and hearing loss. A population-based study is suggested to further define the pre-
valence and characteristics of PXG and PXS in this region. Eye care practitioners should make a careful search
for this subtype of open angle glaucoma because of its more severe clinical course, in order to enhance effective
treatment and prevention of blindness.
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