SULTAN QABOOS UNIVERSITY MED |, FEBRUARY 2023, VOL. 23, Iss. 1, PP. 61—67, EPUB. 23 FEB 23

SUBMITTED 4 JAN 22
REVISION REQ. 16 FEB 22; REVISION RECD. 17 MAR 22
ACCEPTED 29 MAR 22

https://doi.org/10.18295/squmj.4.2022.032

CLINICAL & BASIC RESEARCH

Epidemiology of Common Ocular Manifestations
among Patients on Haemodialysis in West Bank,
Palestine
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*Mujahed Shraim*

ABSTRACT: Objectives: This study aimed to assess the prevalence of ocular manifestations and associated factors in
patients on haemodialysis. Methods: A cross-sectional study of patients on haemodialysis from a haemodialysis unit
in Nablus, Palestine, was conducted. Medical examination for ocular manifestations (intraocular pressure, cataract,
retinal changes and optic neuropathy) was performed using Tono-Pen, portable slit-lamp and indirect ophthalmoscope.
Predictor variables were age, gender, smoking, medical comorbidities (diabetes, hypertension, ischaemic heart disease
[IHD], peripheral arterial disease [PAD]) and use of antiplatelet or anti-coagulation medications. Results: A total of 191
patients were included in this study. The prevalence of any ocular manifestation in at least one eye was 68%. The most
common ocular manifestations were retinal changes (58%) and cataract (41%). The prevalence of non-proliferative
diabetic retinopathy (NPDR), proliferative diabetic retinopathy (PDR) and NPDR or PDR was 51%, 16% and 65%.
Two patients had PDR in one eye and NPDR in the other, and therefore, they were counted only once making the
total for this category 71 rather than 73 patients. An increase in age by one year increased the odds of having cataract
by 1.10 (95% confidence interval [CI] = 1.06—1.14). Patients with diabetes had higher odds of having cataract (odds
ratio [OR] = 7.43, 95% CI: 3.26—16.95) and any retinal changes (OR = 109.48, 95% CI: 33.85—-354.05) than patients
without diabetes. Patients with diabetes and IHD or PAD had higher odds of having NPDR than those with diabetes
without IHD or PAD (OR = 7.62, 95% CI: 2.07-28.03). Conclusion: Retinal changes and cataract are common ocular
manifestations among patients on haemodialysis. The findings emphasise the importance of periodic screening for
ocular problems in this vulnerable population, especially older patients and those with diabetes, to prevent visual
impartment and associated disability.

Keywords: Kidney Failure, Chronic; Renal Dialysis; Eye Diseases; Eye Manifestations; Cross-Sectional Studies;
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ADVANCES IN KNOWLEDGE
- The present study showed that 68% of patients on haemodialysis in West Bank, Palestine, have at least one ocular manifestation in at
least one eye.

- The most common ocular manifestations were retinal changes, cataract and non-proliferative as well as proliferative diabetic
retinopathy.

- Age and diabetes were associated with presence of cataract and diabetes was associated with retinal changes, especially among patients
with ischaemic heart disease and peripheral arterial disease.

APPLICATION TO PATIENT CARE
- Periodic screening and early detection and management of ocular manifestations among haemodialysis patients, especially older
patients and those with diabetes, will help in prevention of visual impartment and associated disability in this vulnerable population.

1SUAL IMPAIRMENT AND BLINDNESS REPRESENT

a significant cause of disability. Worldwide,

approximately 2.2 billion people suffer from
visual impairment and 50% of these visual impairments
are preventable and treatable.! Chronic kidney disease
(CKD) is very common, with a global prevalence rate
of 11-13%.> CKD is often gradual and may lead to
irreversible loss of kidney function, known as end-stage
renal disease (ESRD). Dialysis—either haemodialysis
or peritoneal dialysis—and kidney transplantation are
the only treatment options for patients with ESRD.>*

Patients with ESRD are at an increased risk of ocular
problems due to uraemia, effects of haemodialysis
and other co-morbid conditions such as diabetes,
hypertension and cardiovascular disease.” Common
ocular problems among patients on haemodialysis
include cataract, retinal changes (retinopathy, retinal
haemorrhage, vitreous haemorrhage and retinal
detachment) and other conjunctival and corneal
changes.”®

The prevalence of ESRD in Palestine reached
240.3 per million population in 2010, which is
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relatively lower than in other countries in the Middle
East and other regions in the world.”® However, the
total number of patients with ESRD on haemodialysis
increased from 666 cases in 2011 to 1,014 cases in
2015.8? Therefore, early detection of ocular problems
through screening of patients with ESRD may help in
preventing visual impairment and associated disability.
Research on epidemiology of ocular manifestations
and associated factors among ESRD patients in
Palestine has been given little attention until now.
Therefore, this study aimed to estimate the prevalence
of ocular manifestations and associated factors in a
sample of Palestinian patients on haemodialysis.

Methods

This was a cross-sectional study of patients with

ESRD on haemodialysis from the haemodialysis unit
of An-Najah National University Hospital, Nablus,
West Bank, Palestine. All patients were on four hours
of haemodialysis three times per week. The number
of haemodialysis patients in this unit represents
approximately 20% of the entire haemodialysis patient
population in West Bank.” During the study period
(August to December 2016), there were 214 patients
receiving haemodialysis in the unit. All patients who
agreed to participate in the study were included.
Demographic and clinical information, previously
associated with ESRD and ocular problems were
extracted from medical records (age, gender, duration
on haemodialysis in years, diabetic status, hypertension
status, use of anti-platelet or anticoagulation
medication and diagnosis of ischaemic heart disease
[IHD] or peripheral arterial disease [PAD]).!° Patients
were asked about their smoking history. All patients
underwent the clinical ophthalmic examination in
the haemodialysis unit after completing their dialysis
sessions by two registered ophthalmologists from
An-Najah National University Hospital. For each
patient, the clinical ophthalmic examination started
with intraocular pressure (IOP) measurement using
a Tono-Pen XL Tonometer (Reichert, Inc., New York,
USA) after applying local anaesthetic drops (lidocaine
4%) in both eyes.

Generally, normal IOP ranges between 10-21
mmHg." IOP >21 mmHg was classified as raised
IOP. Two IOP measurements were taken on each eye
and were then averaged. After that, both pupils were
dilated with tropicamide 1% (one drop per eye every
10 minutes for half an hour). Presence of cataract
was evaluated using a portable slit-lamp (Keeler Ltd.
Berkshire, UK) and presence of any vitreous or retinal
changes was evaluated using indirect ophthalmoscope
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(Welch Allyn, New York, USA). Any vitreous or retinal
changes, such as arteriovenous nipping or tortuous and
vitreous haemorrhage, in non-diabetic patients were
classified as retinal changes. The International Clinical
Diabetic Retinopathy Disease Severity Scale was
used to classify diabetic retinopathy among diabetic
patients into non-proliferative diabetic retinopathy
(NPDR) or proliferative diabetic retinopathy (PDR)."
According to this classification, any microaneurysm
or intraretinal macrovascular abnormalities were
classified as NPDR and neovascularisation or vitreous/
preretinal haemorrhage were classified as PDR.
Presence of optic disc pallor or cupping were used as a
relative measure of optic neuropathy.'*'*

Descriptive statistics were used to summarise
the data. Categorical variables were summarised
with frequency and percentage. Continuous variables
were summarised with mean and standard deviation.
Multivariable
performed in order to obtain adjusted associations

logistic regression analyses were
between predictor variables (demographic and medical
characteristics of patients) and presence of ocular
manifestations of interest in at least one eye (raised
IOP, cataract, retinal changes, optic neuropathy) for all
patients as well as NPDR, PDR, or either NPDR or PDR
for patients with diabetes (patients could have NPDR
in one eye and PDR in the other eye). In the analysis,
all ocular manifestations were categorised as binary
variables. Associations between the predictor variables
and the ocular manifestations were summarised using
odds ratios (OR) with 95% confidence intervals (CI).
Any association with a P value of <0.05 was considered
statistically significant. Data analysis was performed
using the Statistical Package for Social Sciences (SPSS)
Version 27.0 (IBM Corporation, Armonk, New York,
USA).

Full verbal and written consent was obtained
from all participants. The study was approved by the
Institutional Review Board of An-Najah National
University (ethical approval archive number 03/
AUG/2016).

Results

A total of 191 patients were included in this study.
The mean age was 57.5 + 13.8 years and 46.6% were
females. The mean duration on haemodialysis was 3.3
+ 2.9 years. A total of 80.6% and 57.1% of participants
had hypertension and diabetes, respectively. One-fifth
of the patients (19.4%) had IHD or PAD and 52.4%
were on antiplatelet or anticoagulant medications. The
prevalence of smoking among participants was 24.6%
[Table 1].
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Table 1: Characteristics of patients with ESRD on haemo-
dialysis included in this study (N = 191)

Characteristic n (%)
Mean age in years + SD 57.5+13.8
Gender

Female 89 (46.6)
Male 102 (53.4)
Mean duration on haemodialysis in 28 =29
years + SD

Diabetes mellitus

No 82 (42.9)
Yes 109 (57.1)
Hypertension

No 37 (19.4)
Yes 154 (80.6)
IHD or PAD

No 154 (80.6)
Yes 37 (19.4)
Anti-platelet or anticoagulation

No 91(47.6)
Yes 100 (52.4)
Smoking

No 144 (75.4)
Yes 74 (24.6)

SD = standard deviation; IHD = ischaemic heart disease; PAD =
peripheral arterial disease.

The overall prevalence of any ocular problem
was 68.0%. Cataract was present in 40.8% of patients
in at least one eye and 21.5% of patients had a history
of cataract surgery. The prevalence of retinal changes
in at least one eye was 58.1%. Optic neuropathy was
present in 9.9% of patients in at least one eye. Only
three patients (1.6%) had raised IOP in at least one eye.
A total of 51.4% and 15.6% of patients with diabetes
had NPDR and PDR in at least one eye, respectively.
The prevalence of either NPDR or PDR was 65.1%
(two patients had PDR in one eye and NPDR in the
other eye) [Table 2].

Age and diabetes status were the only two
variables associated with the presence of cataract.
Increase in age by one year was associated with higher
odds of having cataract in at least one eye by 1.10 (95%
CIL: 1.06-1.14). Similarly, patients with diabetes had
higher odds of having cataract in at least one eye by
7.43 times (95% CI: 3.26—16.95) than patients without
diabetes [Table 3].

Table 2: Prevalence of ocular manifestations in at least one
eye among the participants included in this study (N = 191)

Ocular manifestation n (%)
Cataract

No 87 (45.5)
Yes 78 (40.8)
Previous cataract surgery 41 (21.5)
Retinal changes

No 80 (41.9)
Yes 111 (58.1)
Optic neuropathy

No 172 (90.1)
Yes 19 (9.9)
Intraocular pressure

Normal 188 (98.4)
Raised 3(1.6)
NPDR*

No 53 (48.6)
Yes 56 (51.4)
PDR*

No 92 (84.4)
Yes 17 (15.6)
NPDR or PDR*

No 38 (34.9)
Yes 71 (65.1)

NPDR = non-proliferative diabetic retinopathy; PDR = proliferative diabetic
retinopathy.
*Number of patients with diabetes was 109 patients.

Patients with diabetes had significantly higher
odds of having any retinal changes by 109.48 times
(95% CI: 33.85—-354.05) compared to patients without
diabetes; diabetes was the only variable significantly
associated with any retinal changes among participants
[Table 4].

No statistically significant associations were
found between characteristics of participants and
optic neuropathy including age (OR = 1.02, 95% CI:
0.98-1.05), gender (OR = 2.04, 95% CI: 0.71-5.86),
duration on haemodialysis (OR = 1.04, 95% CI:
0.87-1.23), diabetes (OR = 0.83, 95% CI: 0.28-2.49),
hypertension (OR = 0.98, 95% CI: 0.17-5.21), IHD or
PAD (OR = 0.63, 95% CI: 0.16—2.50), anti-platelet or
anticoagulation therapy (OR = 1.98, 95% CI: 0.70-5.63)
and smoking (OR = 0.41, 95% CI: 0.10-1.63) [Table 5].
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Table 3: Association between characteristics of participants
and cataract (N = 191)

Table 4: Association between characteristics of participants

Variable n (%) Adjusted P
OR (95% value
Patients Patients CI)
without with
cataract cataract
(n=87) (n=104)
Age in years 50.1 + 63.6 1.10 <0.001
14.7 9.4 (1.06—
1.14)
Gender
Female 41 (47.1)  48(46.2)  Ref:0.80
(0.36— 0.597
Male 46 (52.9) 56 (53.8) 1.81)
Duration on 34+33 B2 2= A 1.13
haemodialysis (0.98— 0.102
in years 1.30)
Diabetes mellitus
No 59(67.8)  23(22.1) Ref: 7.43
(3.26— <0.001
Yes 28 (32.2)  81(77.9) 16.95)
Hypertension
No 22(253)  15(144)  Ref:0.65 0413
(0.23—
Yes 65 (74.7) 89 (85.6) 1.85)

Anti-platelet or anticoagulation

No 50(57.5)  41(39.4) Ref:1.72

(0.78- 0.178
Yes 37 (42.5) 63 (60.6) 3.78)
Smoking
No 66 (75.9)  78(75.0) Ref: 1.05

(0.39— 0.930
Yes 21(24.1) 26 (25.0) 2.77)

OR = odds ratio; Cl = confidence interval; IHD = ischaemic heart disease;
PAD = peripheral arterial disease.

Patients with diabetes and IHD or PAD had higher
odds of having NPDR than patients with diabetes and
without IHD or PAD, but this was not statistically
significant (OR = 2.09, 95% CI: 0.78-5.61). Among
patients with diabetes, there were no statistically
significant associations between the characteristics of
participants and diabetic retinopathy (either NPDR or
PDR) [Table 6].

Discussion

This study showed that common ocular manifestations
are highly prevalent among patients on haemodialysis.
Approximately two-thirds of the patients had at least
one ocular manifestation in at least one eye. Retinal
changes and cataract were the most common ocular
manifestations. About two-thirds of the patients with
diabetes had either NPDR or PDR in at least on eye.
Optic neuropathy was present in 10% of patients at
least in one eye. Age was positively associated with
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and retinal changes (N =191)

Variable n (%) Adjusted P
OR (95% value
Patients Patients CI)
without with
retinal retinal
changes changes
(n=280) (n=111)
Age in years 522+ 612 + 1.01 0.561
16.4 10.1 (0.97-
1.06)
Gender
Female 39 (48.8) 50 (45.0) Ref: 0.84
(0.25- 0.771
Male 41 (51.2) 61 (55.0) 2.81)
Duration on 3.8+35 29+22 1.06
haemodialysis (0.88— 0.558
in years 1.27)
Diabetes mellitus
No 73 (91.3) 9(8.1) Ref:
109.48
Yes 7(88) 102 (3385 <0001
(91.9) 354.05)
Hypertension
No 27(33.8)  10(9.0)  Ref:198  0.326
(0.51—
Yes 53 (66.3) 101 7.78)
(91.0)
IHD or PAD
No 75 (93.8) 79 (71.2) Ref: 2.44
(0.46— 0.298
Yes 5(6.3) 32(28.8) 13.02)
Anti-platelet or anticoagulation
No 47 (58.8) 44 (39.6) Ref: 1.33
(0.44— 0.616
Yes 33 (41.3) 67 (60.4) 4.03)
Smoking
No 61(76.3)  83(74.8)  Ref:0.42
(0.10- 0.231
Yes 19(238)  28(25.2) 1.74)

OR = odds ratio; CI = confidence interval; IHD = ischaemic heart disease;
PAD = peripheral arterial disease.

cataract and diabetes was associated with the presence
of cataract and any retinal changes. Among patients
with diabetes, the presence of IHD or PAD was
associated with NPDR.

This study showed that 40.8% patients on
haemodialysis had cataract and 21.5% of patients have
had cataract surgery. This finding is consistent with
prior studies, which revealed that cataract is common
among patients on haemodialysis.”*'” For example,
one study found that 61% of patients on haemodialysis
had cataract.”

In the current study, the prevalence of NPDR
(51.4%) and PDR (15.6%) are very similar to those
found in a previous study, which reported a prevalence
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Table 5: Association between characteristics of participants
and optic disc pallor/cupping

Table 6: Association between characteristics of participants
and diabetic retinopathy (N = 191)

OR = odds ratio; CI = confidence interval; IHD = ischaemic heart disease;
PAD = peripheral arterial disease.

of 57% and 14% for NPDR and PDR among patients on
haemodialysis, respectively.!” Similarly, the prevalence
of optic neuropathy (10%) in the present study is
consistent with the prevalence of optic neuropathy
(7%) reported in a previous study.'® This finding also
agrees with previous reports on occurrence of optic
neuropathy among patients on haemodialysis."

In the current study, the prevalence of raised
IOP was very low (1.6%), which is similar to the
findings of a prior study.!” The researchers’ finding
of an independent positive associations between
age and diabetes with cataract is consistent with the
findings of a 12-year prospective cohort study of

Variable n (%) Adjusted P Variable n (%) Adjusted P
OR (95% value OR (95% value
Patients Patients CI) Patients Patients CI)
without with without with
optic optic NPDRor NPDRor
disc disc PDR(n= PDR(n=
pallor (n  pallor (n 38) 71)
=172) =19)
Age in years 62172 61.3 + 0.99 0.710
Age in years 572 59.4 + 1.02 0.411 10.7 (0.95—
14.0 12.3 (0.98— 1.04)
1.05)
Gender
Gender
Female 14 (36.8) 33 (46.5) Ref: 0.99
Female 82 (47.7) 7 (36.8) Ref: 2.04 (0.39— 0.981
(0.71- 0.188 Male 24 (632)  38(53.5) 2.50)
Male 90 (52.3) 12 (63.2) 5.86)
Duration on 24+ 2.4 29+20 1.09
Duration on 33+£28 36+36 1.04 haemodialysis (0.89- 0.423
haemodialysis (0.87— 0.678 in years 1.34)
in years 1.23)
Hypertension
Diabetes mellitus
No 4(10.5) 5(7.0) Ref: 1.88
No 73 (42.4) 9 (47.4) Ref: 0.83 (0.43— 0.405
(0.28- 0.740 Yes 34 (89.5) 66 (93.0) 8.24)
Yes 99 (57.6) 10 (52.6) 2.49)
IHD or PAD
Hypertension
No 30(78.9) 47 (66.2)  Ref:2.09  0.142
No 33 (18.6) 5(26.3) Ref: 0.98 0.984 (0.78—
(0.17- Yes 8(21.1) 24 (33.8) 5.61)
Yes 140 14.(73.7) 5.21)
(81.4) Anti-platelet or anticoagulation
IHD or PAD No 14(36.8)  29(40.8)  Ref:0.82
(0.32— 0.667
No 138 16 (84.2) , Yes 24(632)  42(59.2) 2.10)
(802) Ref: 0.63
(0.16— 0.512 .
2.50) Smoking
Yes 34.(19.8) 3(15.8)
No 23 (60.5) 56 (78.9) Ref: 0.42
Anti-platelet or anticoagulation (0.15- 0.091
Yes 15(39.5)  15(21.1) 1.15)
No 84 (48.8) 7 (36.8) Ref: 1.98
(0.70- 0.201 OR = odds ratio; CI = confidence interval; NPDR = non-proliferative diabetic
Yes 88(51.2)  12(63.2) 5.63) retinopathy; PDR = proliferative diabetic retinopathy; IHD = ischaemic
— heart disease; PAD = peripheral arterial disease.
moking
No 128 16(842) o 04l patients on haemodialysis.*® The present study found
(74.4) (eo:lo'_ 0.204 that diabetic patients had significantly higher odds of
Yes 44(256)  3(158) 1.63) having any retinal changes, which is also consistent

with the literature.>®? Among patients with diabetes,
no association was found between any of the included
patients’ characteristics and the prevalence of diabetic
retinopathy. This finding underscores the important
independent associations between diabetes and
retinal changes, including NPDR and PDR. Diabetic
retinopathy is the most common microvascular
complication of diabetes due to hyperglycaemia and
related macro- and micro-vascular abnormalities.?~**
The independent association between IHD or PAD and
NPDR observed in the current study also agrees with
the literature. Prior studies have shown associations
between retinal microvascular abnormalities and
coronary heart disease among patients with diabetes.”
The mechanisms underlying ocular manifestations
and observed associations are likely explained by
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multifactorial pathogenesis associated with aging,
ESRD and comorbid conditions (diabetes and
hypertension), uraemia and haemodialysis, chronic
anaemia and ‘polypharmacy’’® The main hypothesised
multifactorial pathogenesis includes atherosclerosis,
endothelial dysfunction, oxidative stress, chronic
inflammation, renin-angiotensin system dysfunction,
Klotho,
the accumulation of toxic metabolites and repeated

genetic  polymorphisms, hypocalcaemia,
osmotic shift during dialysis.>¢10202

The main strength of this study is that patients
in the haemodialysis unit in An-Najah National
roughly 20% of
patients on haemodialysis in West Bank, Palestine.
Additionally, this study included the majority (89%)

of patients undergoing haemodialysis in the unit and

University Hospital represent

covered a wide range of age groups. It is unlikely that
the sociodemographic and clinical characteristics of
patients in An-Najah National University Hospital
differ from those in other units in West Bank because
the haemodialysis service and its related costs are
free and completely covered by the Palestinian
of Health. Additionally,
examination of the participants was performed

Ministry ophthalmic
independently by two resident ophthalmologists.
Very few disagreements in classification of ocular
manifestations were present. These disagreements
were resolved by discussion or by seeking the opinion
of a third resident ophthalmologist. Therefore, the
potential for diagnostic errors or misclassification of
ocular manifestations is unlikely to have affected the
researchers’ findings significantly. Additionally, the
study’s findings were consistent with those of previous
studies on ocular manifestations among patients on
haemodialysis. Therefore, the findings from this study
are highly likely to be generalisable to other patients on
haemodialysis in West Bank.

The study has some limitations. This was a
cross-sectional study design and, therefore, temporal
associations remain unclear. Another limitation is that
this study did not examine other ocular manifestations
among patients on haemodialysis, such as dry eyes
and corneal abnormalities. However, this study
covered the most prevalent ocular manifestations
among this population (e.g. cataract, retinal changes
and optic neuropathy) which are associated with
visual impairment and disability globally.?” In addition,
medical records had no clinical information on
previous history of ocular problems among patients
and many elderly patients said that they have a history of
ophthalmic problems but did not know what they were.
The researchers were, therefore, not able to establish
whether the observed ophthalmic manifestations were
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new or old in the majority of patients. However, the
researchers’ aim was to estimate the prevalence of
ocular manifestations rather their incidence, which
requires a different study design with a long follow-up
period. Additionally, although Goldmann applanation
tonometer is considered the gold standard instrument
for measuring IOP, the researchers measured IOP
using a Tono-Pen instrument (Reichert, Inc.) because it
was not feasible to transfer the non-portable slit-lamp
from the ophthalmic unit to the haemodialysis unit.
Prior research suggests that Tono-Pen (Reichert, Inc.)
underestimates IOP in persons with elevated IOP.*
However, one study found no statistically significant
differences in IOP values between Goldmann
applanation tonometer and Tono-Pen (Reichert, Inc.)
in non-glaucoma patients with systemic illness.?*
Another limitation is that retinal changes were
examined using an indirect ophthalmoscope. It
would be more ideal to take fundus photographs for
evaluation by retina specialists. However, this was not
feasible in the present study.

Conclusion

Ocular problems are highly prevalent among patients
onhaemodialysis. Most common ocular manifestations
were retinal changes and cataract. Without early
detection and treatment, such conditions may lead
to significant visual impairment and disability. The
findings underscore the importance of regular
ophthalmic screening for patients on haemodialysis,
especially older patients and those with diabetes, to
prevent visual impartment and associated disability in
this population.

AUTHORS’ CONTRIBUTION

YS and MS led study conception and design,

supervision, data collection, statistical analysis,
interpretation of data and drafting of manuscript. QY,
AAS, ZH, OH and HH were involved in study concept
and design and data collection. All authors critically
reviewed the manuscript for important intellectual
content. All authors read and approved the final

version of the manuscript.

ACKNOWLEDGEMENTS

The researchers thank the participants and An-Najah
National University Hospital for granting them the
privilege to conduct this study.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.



FUNDING

No funding was received for this study.

References

1.

10.

11.

12.

13.

14.

World Health Organization. Blindness and vision impairment.
WHO; 2021 [30 December 2021]. From: https://www.who.
int/en/news-room/fact-sheets/detail/blindness-and-visual-
impairment Accessed: Mar 2022.

Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan CA, Lasserson
DS, et al. Global Prevalence of Chronic Kidney Disease - A
Systematic Review and Meta-Analysis. PLoS One 2016;
11:e0158765. https://doi.org/10.1371/journal.pone.0158765.

Kidney International Supplements. KDIGO 2012 Clinical
Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease. From: https://kdigo.org/wp-content/
uploads/2017/02/KDIGO_2012_CKD_GL.pdf Accessed: Mar
2022.

Grassmann A, Gioberge S, Moeller S, Brown G. End-stage renal
disease: Global demographics in 2005 and observed trends.
Artif Organs 2006; 30:895-97. https://doi.org/10.1111/j.1525-
1594.2006.00321.x.

Mullaem G, Rosner MH. Ocular problems in the patient with
end-stage renal disease. Semin Dial 2012; 25:403—7. https://doi.
org/10.1111/j.1525-139X.2012.01098.x.

Okolo O, Omoti A. Ocular manifestations of chronic kidney
disease among adult patients receiving hemodialysis. Expert
Rev Ophthalmol 2012; 7:517-28. https://doi.org/10.1586/
eop.12.64.

Khader MI, Snouber S, Alkhatib A, Nazzal Z, Dudin A.
Prevalence of patients with end-stage renal disease on dialysis
in the West Bank, Palestine. Saudi ] Kidney Dis Transpl 2013;
24:832-37. https://doi.org/10.4103/1319-2442.113913.

Younis M, Jabr S, Al-Khatib A, Forgione D, Hartmann M, Kisa
A. A cost analysis of kidney replacement therapy options in
Palestine. Inquiry 2015; 52:0046958015573494. https://doi.
org/10.1177/0046958015573494.

Palestinian Health Information Center. Health annual report:
Palestine 2015. Ramallah: Palestinian Health Information
Center, 2016. From: https://www.site.moh.ps/index/Books/
BookType/2/Language/ar Accessed: Mar 2022

Wong CW, Wong TY, Cheng CY, Sabanayagam C. Kidney and
eye diseases: Common risk factors, etiological mechanisms,
and pathways. Kidney Int 2014; 85:1290-302. https://doi.
org/10.1038/ki.2013.491.

Boyed K. What Is Glaucoma? Symptoms, Causes, Diagnosis,
Treatment. American Academy of Ophthalmology. From:
https://www.aao.org/eye-health/diseases/what-is-glaucoma
Accessed: Mar 2022.

Wilkinson CP, Ferris FL, Klein RE, Lee PP, Agardh CD, Davis
M, et al. Proposed international clinical diabetic retinopathy
and diabetic macular edema disease severity scales.
Ophthalmology 2003; 110:1677-82. https://doi.org/10.1016/
S0161-6420(03)00475-5.

Behbehani R. Clinical approach to optic neuropathies. Clin
Ophthalmol 2007; 1:233-46.

Biousse V, Newman NJ. Ischemic Optic Neuropathies. N
Engl ] Med 2015 372:2428-36. https://doi.org/10.1056/
NEJMral413352.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yousef Shanti, Hamza Hamayel, Anas Yasin, Abdul-Raheem Abu Shanab, Osama Hroub, Zakaria Hamdan and Mujahed Shraim

Berlyne GM, Ari JB, Danovitch GM, Blumenthal M. Cataracts
of chronic renal failure. Lancet 1972; 1:509-11. https://doi.
org/10.1016/s0140-6736(72)90175-4.

KochHR, Siedek M, Weikenmeier P, Metzler U. [Cataract during
intermittent hemodialysis. The influence of hypocalcemia on
the development of opacities (author’s transl)]. Klin Monbl
Augenheilkd 1976; 168:346—53.

Vrabec R, Vatavuk Z, Pavlovi¢ D, Sesar A, Cala S, Mandi¢ K,
et al. Ocular findings in patients with chronic renal failure
undergoing haemodialysis. Coll Antropol 2005; 29:95-8.

Haider S, Astbury NJ, Hamilton DV. Optic neuropathy in
uraemic patients on dialysis. Eye (Lond) 1993; 7:148-51.
https://doi.org/10.1038/eye.1993.31.

Nieto ], Zapata MA. Bilateral anterior ischemic optic
neuropathy in patients on dialysis: A report of two cases.
Indian ] Nephrol 2010; 20:48-50. https://doi.org/10.4103/0971-
4065.62094.

Rim TH, Yoon CY, Park HW, Chung EJ. Association Between
Starting Hemodialysis for End-Stage Renal Disease and Incident
Cataract Surgery: A 12-year nationwide cohort study. Invest
Ophthalmol Vis Sci 2016; 57:1112-9. https://doi.org/10.1167/
iovs.15-18276.

Williams R, Airey M, Baxter H, Forrester ], Kennedy-Martin
T, Girach A. Epidemiology of diabetic retinopathy and macular
oedema: A systematic review. Eye (Lond) 2004; 18:963-83.
https://doi.org/10.1038/sj.eye.6701476.

Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski
JW, Bek T, et al. Global prevalence and major risk factors of
diabetic retinopathy. Diabetes Care 2012; 35:556—-64. https://
doi.org/10.2337/dc11-1909.

Ding J, Wong TY. Current epidemiology of diabetic retinopathy
and diabetic macular edema. Curr Diab Rep 2012; 12:346-54.
https://doi.org/10.1007/s11892-012-0283-6.

Lee R, Wong TY, Sabanayagam C. Epidemiology of diabetic
retinopathy, diabetic macular edema and related vision loss.
Eye Vis (Lond) 2015; 2:17. https://doi.org/10.1186/s40662-015-
0026-2.

McClintic BR, McClintic JI, Bisognano JD, Block RC. The
relationship between retinal microvascular abnormalities and
coronary heart disease: A review. Am ] Med 2010; 123:374.
el-7. https://doi.org/10.1016/j.amjmed.2009.05.030.

Evans RD, Rosner M. Ocular abnormalities associated with
advanced kidney disease and hemodialysis. Semin Dial 2005;
18:252-7. https://doi.org/10.1111/j.1525-139X.2005.18322.x.

World Health Organization. Global data on visual impairments
2010.  From:  https://www.iapb.org/wp-content/uploads/
GLOBALDATAFINALforweb.pdf Accessed: Mar 2022.

Horowitz GS, Byles ], Lee ], D’Este C. Comparison of the
Tono-Pen and Goldmann tonometer for measuring intraocular
pressure in patients with glaucoma. Clin Exp Ophthalmol 2004;
32:584-9. https://doi.org/10.1111/j.1442-9071.2004.00907 ..

Hsu S, Lin S, Hsu A. Measurements of Intraocular Pressure
with Tono-Pen and Goldmann Applanation Tonometers in
Subjects with Systemic Illness. Tzu Chi Med ] 2007; 19:241—4.
https://doi.org/10.1016/51016-3190(10)60022-5.

Yilmaz I, Altan C, Aygit ED, Alagoz C, Baz O, Ahmet S, et
al. Comparison of three methods of tonometry in normal
subjects: Goldmann applanation tonometer, non-contact
airpuff tonometer, and Tono-Pen XL. Clin Ophthalmol 2014;
8:1069-74. https://doi.org/10.2147/opth.s6391.

|67



