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Purpose: To evaluate the changes in intraocular pressure (IOP), central corneal thickness
(CCT), axial length, and ocular surface in patients with end-stage renal failure after single-
session hemodialysis treatment and to examine the correlation of these findings with sys-
temic hemodynamic parameters.

Patients and Methods: A total of 112 eyes of 112 patients enrolled in a hemodialysis
treatment program for three times a week (approximately four hours per session) for at least
three months in our hospital between December 2019 and March 2020 were included in the
study. Approximately 30 minutes before and after hemodialysis, the best-corrected visual
acuity measurement, slit-lamp examination, IOP measurement, and dilated fundus examina-
tion with the Goldmann applanation tonometer were performed in all patients. The axial
length measurement was undertaken by ultrasonic biometry, and the CCT measurement by
ultrasonic pachymetry. The ocular surface evaluation was performed based on the tear
breakup time (BUT), basal secretion time (BST) and keratoepitheliopathy score. Blood
pressure, serum osmolarity, and body weight were measured before and after hemodialysis.
Results: The mean IOP decreased from 12.2 + 3.5 to 10.8 + 2.2 mmHg, and the mean
decrease was 1.4 + 2 mmHg, indicating statistical significance (p<0.001). The mean CCT
dropped from 502 + 41.2 to 494.1 £ 35.4 um, and the mean decrease was 8.1 £ 7.7 um,
which also indicated a statistically significant change (p<0.001). The mean axial length was
reduced from 23.1 £ 0.8 to 22.9 + 0.8 mm. The reduction in the axial length was significant
with an average value of 0.26 + 0.15 mm (p<0.001). When the ocular surface changes were
examined, BUT decreased from 7.4 + 3.1 to 6.3 +2.5 s, BST from 8.6 + 1.7 to 6.6 £ 1.3 mm,
and the keratoepitheliopathy score increased from 0.36 + 0.61 to 1.59 + 0.93, and all these
changes were statistically significant (p<0.001). There was a significant correlation between
the axial length change and the IOP change (r=0.202, p=0.03). A significant correlation was
also observed between BST and plasma colloid osmotic pressure (r=—0.268, p=0.004). In
addition, there was a strong correlation between serum osmolarity and the keratoepithelio-
pathy score (r=—0.437, p<0.001).

Conclusion: Hemodialysis causes significant changes in IOP, CCT, axial length, and ocular
surface. These changes should be considered in the ophthalmological examination of patients
after the hemodialysis session.

Keywords: end-stage renal failure, hemodialysis, axial length, intraocular pressure, Africa

Introduction
Chronic renal failure (CRF) is defined as the inability of the kidneys to maintain fluid-

electrolyte balance, and chronic and progressive deterioration in metabolic-endocrine
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functions as a result of a decrease in the glomerular filtration
value.! Ocular pathologies can occur as a complication of
systemic diseases, such as arterial hypertension and diabetes
mellitus leading to CRF or due to CRF itself that results in
hematological and metabolic disorders triggering such
pathologies.” Patients with CRF are usually treated using
blood filtration devices, such as hemodialysis.” Although
hemodialysis is the main treatment of end-stage renal failure
(ESRD), acute and chronic complications may occur after
this treatment.* Hypovolemia and increased osmotic pressure
after hemodialysis may affect eye tissues with large amounts
of blood flow.

Ocular effects associated with hemodialysis include
changes in intraocular pressure (IOP), dry eye, conjuncti-
val and perilimbal calcium deposits, band keratopathy,
refractive changes, lenticular opacity and posterior sub-
capsular cataract, and ischemic optic neuropathy.””’ The
main goal of hemodialysis is to maintain body fluid bal-
ance. However, even after a single hemodialysis session,
changes in systemic and ocular fluid volume can be
observed and cause undesirable side effects.

Somalia is a low-income country in sub-Saharan
Africa, and Djibouti.
Although previous studies have investigated the effect of

bordering Kenya, Ethiopia,
ESRD and hemodialysis on ocular tissues, there is no
study in the literature on ESRD patients receiving hemo-
dialysis treatment in Somalia. In addition, since the effects
of hemodialysis on ocular parameters are unclear, our
prospective, cross-sectional study examines a population
with short-term changes in ocular findings before and after
a single hemodialysis session. This study aimed to deter-
mine the effects of hemodialysis on ocular surface, IOP,
central corneal thickness (CCT), and axial length after
a single hemodialysis session in patients in Somalia
receiving this treatment due to ESRD, and to evaluate
the correlation of these changes with systemic changes,
namely body weight, mean arterial pressure, plasma col-
loid osmotic pressure, and serum osmolarity.

Patients and Methods

This hospital-based, prospective, cross-sectional study was
carried out in Somalia Mogadishu-Turkey Training and
Research Hospital after receiving approval from the ethi-
cal review committee of the hospital (decision number:
202 and MSTH/2904). The study was conducted by adher-
ing to the principles of the Declaration of Helsinki. In
addition, written and verbal informed consent was

obtained from all participants.

According to our hypothesis, the short-term change in
body fluids and content in patients undergoing hemodia-
lysis session may cause changes in both intraocular pres-
sure and axial length and dry eye. We planned our research
to determine whether these changes were significant.

The study included 112 eyes of 112 patients enrolled in
a hemodialysis treatment program for three times a week
(approximately four hours per session) for at least three
months in the hemodialysis unit of the abovementioned
hospital between December 2019 and March 2020. The
exclusion criteria were the presence of an active ocular
infection, history of ocular surgery, history of ocular
trauma, presence of glaucoma or ocular hypertension,
active topical drug use, presence of pseudoexfoliative
material, history of iridotomy, and corneal leukoma or
cataract causing media opacity. The patients with retinal
disease that would interfere with ocular examination and
measurement, such as macular degeneration, proliferative
diabetic retinopathy, vitreous hemorrhage, intraocular
injection or laser therapy within 3 months of enrollment
were excluded. In order to eliminate diurnal differences,
only patients that underwent this treatment between 12:00
and 16:00 were included in the study. Ocular examinations
were conducted were performed 30 minutes before and
after the hemodialysis session (at 11:30 am and at 04:30
pm). The left eyes of all patients were examined. The same
type of hemodialysis device was used in all patients
(Fresenius 4008S classix, Bad Homburg, Germany). The
hemodialysis device was used with polysulfone membrane
dialyzer and low molecular weight heparin as an antic-
oagulant. The bicarbonate in bipolar reverse osmosis water
used with a dialysate flow rate of 500mL/min and blood
flow rate of 200400mL/min. Dialysate temperature was
37 C. For all studies, the prescribed dialysate sodium
concentration was set at 138 mmol/l.

The best-corrected visual acuity (BCVA) measurement
with the Snellen chart, slit-lamp examination, IOP mea-
surement with the Goldmann applanation tonometer, and
lastly, dilated fundus examination were performed 30 min-
utes before and after the hemodialysis session. Spherical
equivalent, as the representative of refractive status, was
measured by an ophthalmologist using an automated
refractometer (RK-F2, Canon, Tokyo, Japan). The ocular
surface evaluation was performed based on the tear
breakup time (BUT), basal secretion time (BST), and
keratoepitheliopathy score.

For the BUT evaluation, the patient was placed in front
of a biomicroscope (Righton MW50D, Tokyo, Japan), and
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sodium fluorescein strips were allowed to contact the
lower fornix for a short period of time, and the cornea
was stained through blinking. During the biomicroscopic
examination, the patient was asked not to blink while
a cobalt blue light was shined into the eye, and the time
when the first black spots or lines formed in the tear layer
on the cornea was recorded in seconds. This procedure
was repeated three times, and the average of three mea-
surements was determined as the BUT value. A BUT of
less than 10 seconds was considered as abnormal.

For the BST evaluation, a drop of local anesthetic was
instilled into the patient’s eye, and the Schirmer paper of
5 mm width and 35 mm length with a bent end was
inserted into the 1/3 lateral of the lower lid and removed
after 5 min. The wetted length from the bent end was
measured in mm and recorded. A tear secretion value of
less than 5 mm was considered as abnormal.

Keratoepitheliopathy was evaluated based on the den-
sity and area of corneal staining with fluorescein.® The
severity of keratoepitheliopathy was obtained by multiply-
ing the density and area scores, and evaluated as corneal
surface damage index. The staining density was graded
between 0 and 3, where 0 indicated no punctate density, 1
rare density, 2 moderate density, and 3 high density. The
staining area was also scored from 0 to 3, with 0 indicating
no staining, 1 indicating staining of less than one-third
area, 2 indicating staining of more than one-third and
covering two-thirds of the area, and 3 indicating staining
that covered more than two-thirds of the area.’

IOP was measured by the same researcher (M.K.) under
slit-lamp microscopy using the same Goldmann applanation
tonometer (Haag-Streit, Switzerland), and the average of at
least three measurements was taken. Full-circle 360° gonio-
scopy was performed in all eyes with three mirror lenses.
The CCT measurement was undertaken by ultrasonic pachy-
metry (Nidek US 4000 Echoscan, Gamagori, Japan). After
a topical anesthetic was dropped into the eye, the patient was
asked to look at a fixed target, and at least 10 measurements
were taken from the central area with the tip of the probe
perpendicular to the cornea. The average calculated by the
measuring device was recorded as the CCT value. The axial
length measurement was performed using an ultrasonic bio-
metry device (Nidek US 4000 Echoscan, Gamagori, Japan).
The average of at least five measurements was recorded as
the axial length value. Lastly, one drop of 0.5% tropicamide
(Tropamid®, Bilim Pharmaceuticals, Turkey) was applied to
the eye for pupil dilatation.

Blood pressure, mean ocular perfusion pressure, serum
osmolarity, and body weight were measured before and
after hemodialysis. In addition, plasma total protein and
albumin were obtained, and plasma colloid osmotic pres-
sure was calculated before and after hemodialysis.

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS
v. 23.0, Chicago, USA) was used for the statistical analy-
sis. Descriptive statistics; ie, mean + standard deviation
(SD) values were used to describe quantitative data and
frequencies and percentages for qualitative data. The
Shapiro—Wilk test was used to determine the normality.
Preoperative and postoperative data were analyzed using
the paired #-test. The Pearson correlation test was used to
identify possible correlations between the changes in eye
findings and those in systemic hemodynamic parameters.
This test was also used to determine whether there was
a correlation between the axial length and IOP. A p value
of <0.05 was considered statistically significant. Visual
acuity was converted to the logarithm of the minimum
resolution angle (logMAR) for the statistical analysis.
Every adult hemodialysis patient who fulfilled the
inclusion criteria was included in this study. Sample size
was calculated with G*Power 3.1.9.4 calculator power
analysis with two sided exact one sample proportion
case. The desired sample size at 5% level of significance,
80% power and the design effect of 0.108 is 112.

Results

Demographic and Etiological Data

A total of 112 eyes of 112 patients (54.5% male and 45.5%
female) were included in the study. The mean age of the
patients included in the study was 46.6 + 16.7 years. The
etiological causes of CRF in order of frequency were
described in Table 1. The mean hemodialysis time was
26.3 = 17.7 months (3—72 months).

Effect of Hemodialysis on BCVA, I0OP,
CCT, and Ocular Surface

When the eye findings were evaluated before and after
hemodialysis, BCVA did not change significantly (p =
0.866). The mean IOP decreased from 12.2 + 3.5 mmHg
to 10.8 + 2.2 mmHg. The mean decrease in IOP 1.4 + 2
mmHg, which was statistically significant (p < 0.001). The
mean CCT dropped from 502 + 41.2 pm to 494.1 £35.4 um,
and the mean decrease was 8.1 + 7.7 pm, indicating
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Table | Distribution of Patients with Chronic Renal Failure

According to Etiological Causes

Etiology Number of
Patients (%)

Diabetes mellitus 44 (39.3)

Systemic hypertension 26 (23.2)

Primary glomerulonephritis 12 (10.7)

Interstitial nephritis/pyelonephritis I1(9.8)

Secondary glomerulonephritis 9 (8)

Cystic, hereditary and congenital diseases of the kidney | 6 (5.4)

Other causes 4 (3.6)

statistical significance (p < 0.001). The mean axial length
was reduced from 23.1 + 0.8 mm to 22.9 + 0.8 mm, and the
decrease in the axial length was significant with a mean
value of 0.26 &+ 0.15 mm (p < 0.001). Examining the ocular
surface changes, BUT decreased from 7.4+ 3.1 st0 6.3 £2.5
s, BST from 8.6 + 1.7 mm to 6.6 £ 1.3 mm, and the
keratoepitheliopathy score increased from 0.36 + 0.61 to
1.59 + 0.93, indicating that all three findings statistically
significantly changed (p < 0.001) (Table 2). There was
a significant correlation between the axial length change
and the IOP change (r = 0.202, p = 0.03) (Figure 1); how-
ever, no correlation was observed between the changes in
CCT and IOP (p > 0.05).

Effect of Hemodialysis on Systemic

Hemodynamic Parameters

The mean value of serum osmolarity decreased from 345 +
31.8 mOsm/L to 326.3 £ 32 mOsm. The mean decrease of
18.6 £ 3 mOsm/L was statistically significant (p < 0.001).
Plasma colloid osmotic pressure increased from 25.3 £ 1
mmHg to 27.9 + 1.4 mmHg, and the difference of 2.5 + 0.4
mmHg was significant (p <0.001). The mean arterial blood

pressure change was significant with a decrease of 11.8 + 5
mmHg (p <0.001). The change in the mean body weight was
1.2 £2.4 kg, which was also statistically significant (p <0.001)
(Table 3). When the changes in hemodynamic parameters and
those in eye parameters were correlated individually, there was
no statistical significance in any value (p > 0.05). However,
there was a significant correlation between BST and plasma
colloid osmotic pressure (r = —0.268, p = 0.004). In addition,
a strong correlation was observed between serum osmolarity
and the keratoepitheliopathy score (r =—0.437, p < 0.001).

Discussion

In this study, we investigated the effect of short-term
hemodialysis treatment on IOP, CCT, axial length, and
ocular surface, and the relationship of these changes with
ocular and systemic parameters. After single-session
hemodialysis treatment, IOP, CCT, axial length, BUT,
and BST decreased whereas the keratoepitheliopathy
score was increased. In addition, serum osmolarity, blood
pressure, and body weight decreased, and plasma colloid
osmotic pressure increased. According to the correlation
analysis, there was a significant correlation between BST
and plasma colloid osmotic pressure and between the
keratoepitheliopathy score and serum osmolarity, but the
remaining ocular and systemic parameters were not
correlated.

The basic principle of hemodialysis is the removal of
osmotic active substances by diffusion and the reduction
of blood osmolarity through body fluid loss. These two
effects are closely related to IOP. Dehydration decreases
IOP while reducing blood osmolarity increases IOP.
However, the net effect on IOP varies in different studies.
The effects of hemodialysis on IOP changes remain uncer-
tain. In 2015, Liakopoulos et al'® published a review and

Table 2 Effect of Hemodialysis on BCVA, IOP, CCT, Axial Length, and Ocular Surface in Patients with Chronic Renal Failure

Variable Before Hemodialysis Mean * SD | After Hemodialysis Mean * SD | Difference Mean £ SD | P value
BCVA (LogMAR) 049 + 0.42 0.49 + 0.42 0+ 0.03 0.866
Spherical equivalent, (D) —0.43 £ 0.26 —0.45 + 0.22 —0.02 + 0.04 0.524
IOP (mmHg) 122 £ 35 10.8 £ 2.2 14 +2 <0.001
CCT (um) 502 + 41.2 494.1 £ 354 81 %77 <0.001
Axial length (mm) 23.1 £0.8 229 £ 0.8 0.26 £0.15 <0.001
BUT (sec) 74 £ 3.1 63 +25 I £09 <0.001
BST (mm) 86+ 1.7 6.6+ 13 2+07 <0.001
Keratoepitheliopathy score | 0.36 + 0.61 1.59 + 0.93 -12+£07 <0.001

Abbreviations: BCVA, best-corrected visual acuity; D, dioptry; IOP, intraocular pressure; CCT, central corneal thickness; SD, standard deviation; BUT, tear breakup time;

BST, basal secretion time.
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Figure | Correlation between axial length and intraocular pressure.

discussed the changes in IOP in relation to hemodialysis in
three groups: those with increased IOP, those with reduced
IOP, and those without any change in IOP. Accordingly,
the authors found that while the first studies had been
carried out with longer and less effective hemodialysis
systems, the development of more effective dialysis mem-
branes and devices in recent years significantly prevented
increases in IOP. Recent studies indicate that IOP is
decreased or does not change after hemodialysis.*'"'
The results of our study are also consistent with those of

previous studies. The reason for no increase in IOP in

these studies has been linked to the use of advanced
hemodialysis techniques. Caglayan et al* suggested that
after hemodialysis, total body fluid loss and increased
plasma colloid osmotic pressure caused a water flow
from the ocular region to the plasma, which led to
a decrease in IOP. Yang et al'® reported that the decrease
in IOP was related to the relationship between the mean
plasma albumin level and the ultrafiltration rate. Increased
oncotic pressure caused by ultrafiltration causes a decrease
in IOP after dialysis. The change in IOP is higher in cases
with an increased albumin level and ultrafiltration degree.

Table 3 Effect of Hemodialysis on Systemic Hemodynamic Parameters in Patients with Chronic Renal Failure

Variable Before Hemodialysis After Hemodialysis Difference Mean + SD P value
Mean £ SD Mean £ SD
Serum osmolarity (mOsm/L) 345 + 31.8 3263 + 32 18.6 + 3 <0.001
Plasma colloid osmotic pressure (mmHg) 253 + | 279+ 14 -25+04 <0.001
MABP (mmHg) 120.6 + 29.4 108.7 + 25.4 118%5 <0.001
MOPP 49.2 443 —49 + 137 <0.001
Body weight (kg) 60.8 = 7.1 595 %67 1.2 +24 <0.001
Abbreviations: MABP, mean arterial blood pressure; MOPP, mean ocular perfusion pressure.
International Journal of General Medicine 2020:13 submit your manuscript 1039
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From this perspective, the results of our study support the
idea that the decrease in IOP is caused by the movement of
fluid from the
hemodialysis.

intraocular eye to plasma after

Tropicamide eye drop, which we use for pupil dilation
before hemodialysis, has a short-acting parasympatholytic
drug. Inhibition of the parasympathetic constrictor muscle
in the iris results in dilation of the pupil because the action
of sympathetic dilator muscles is unopposed. Tropicamide
eye drops are known to cause an increase in intraocular
pressure.'* Tropicamide has an average of 4 hours of
action. Considering that the average duration of hemodia-
lysis after the application of tropicamide eye drops to the
patients included in the study was 4 hours and that the
patients were kept for an average of 30 minutes for exam-
ination after hemodialysis, it can be suggested that tropi-
camide had no effect on the measurement results.

It is similarly believed that there is a possible decrease
in the corneal thickness and axial length due to fluid loss
during hemodialysis. The results of the current study
showed a marked decrease in CCT after hemodialysis
with an average change of 8.1 = 7.7 um. In addition,
there was a decrease of 0.26 + 0.15 mm in the mean
axial length. The decrease in both of these values was
statistically ~ significant. = Furthermore, there was
a significant correlation between the axial length change
and the IOP change. However, the changes in neither CCT
nor the axial length were correlated with any systemic
changes, including body fluid loss. Although the change
in CCT in ESRD patients receiving hemodialysis treatment
has been investigated in many studies, there is very limited
research exploring the change in the axial length and its
correlation with systemic parameters. In a recent study
conducted in 2018, Wang et al'’ stated that the vitreous
axial length increased after hemodialysis in patients who
received this treatment due to CRF. The researchers sug-
gested that the increase in the vitreous axial length caused
the lens to swell with more fluid as a result of the imbal-
ance in the urea nitrogen level formed between the aqu-
eous humor and the lens, thereby increasing the axial
length. They also suggested that the fluid in the vitreous
increased as a result of low plasma osmolarity, and this
mechanism may have also caused an increase in the axial
length of the vitreous body. However, that study did not
contain any data on the total axial diameter. Gracitelli
et al'® stated that there was no significant change in the
axial length during hemodialysis treatment. Caliskan et al'”

found that the axial length increased only very slightly

after the hemodialysis session and suggested that this
increase could be due to the decreased fluid volume of
the choroid and retina after the hemodialysis session. In
contrast to these findings, the results of our study show
that the axial length significantly decreased after the hemo-
dialysis session. We consider that not only the decreased
fluid volume in the retina and choroid but also the
decreased anterior chamber volume and corneal thickness
were effective in this finding. This hypothesis is supported
by the presence of a significant decrease in CCT and
a significant correlation between the axial length and IOP
in our study. In previous studies conducted with patients
receiving hemodialysis due to ESRD, CCT was found to
significantly decrease after the treatment session.>*'®
A decrease in body fluid volume and an increase in plasma
colloid osmotic pressure after hemodialysis causes a fluid
flow from the eye to the plasma, resulting in a decrease in
the corneal thickness.” However, the decrease in IOP,
which was observed to be significant in our study, may
also be related to the decrease in the corneal thickness
since the IOP values measured by Goldmann applanation
tonometry depend on CCT.

In our study, ocular surface changes were evaluated
using BUT, BST (Schirmer’s test), and keratoepitheliopa-
thy score, and there were significant changes in the results
of all three tests after a single hemodialysis session. In the
correlation analysis, a significant association was found
between BST and plasma colloid osmotic pressure, and
between serum osmolarity and the keratoepitheliopathy
score. The decrease in both BUT and BST values after
the hemodialysis session suggests reduced tear production
and deteriorated stability of the tear film layer. In addition,
the increase in the keratoepitheliopathy score after the
hemodialysis session may be an indicator of increased
inflammation in tears. After hemodialysis treatment, tear
production decreases due to dehydration.® In addition,
increased urea level in tears causes an increase in tear
hyperosmolarity,” which induces inflammatory cytokines
and matrix metalloproteases on the epithelial cell surface.
This results in cell apoptosis, ocular surface damage, gob-
let cell damage, and tear film instability.'” There are
a limited number of studies investigating ocular surface
changes in patients receiving hemodialysis for ESRD. In
2013, Jung et al® showed that after single-session hemo-
dialysis, BUT and Schirmer’s test results decreased and the
keratoepitheliopathy score increased, which is consistent
with our findings related to ocular surface changes.
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The strengths of our study are that we had a high number
of participants, and our study is the first to reveal the ocular
and systemic parameters of patients receiving hemodialysis
treatment due to ESRD in North Africa and Somalia.

The limitations of the study include ocular measure-
ments not being measured during the hemodialysis session
and the absence of a control group. Another limitation is
the timing difference between ocular and systemic assess-
ments. Systemic parameters were measured just before and
after the hemodialysis session, while ocular parameters
were measured 30 minutes before the hemodialysis ses-
sion. It is unclear whether there has been a change in both
systemic and ocular parameters during this time.

In conclusion, ophthalmological findings, namely IOP,
CCT, axial length, and ocular surface changes were con-
sistent and significant after a single hemodialysis session
in patients receiving this treatment due to ESRD. During
the ophthalmologic examination of patients undergoing
hemodialysis treatment, it should be kept in mind that
there can be more dry eye findings than in the normal
population, and this situation becomes even more severe
after the hemodialysis session. The low levels of IOP and
CCT after the hemodialysis session indicates the necessity
of undertaking a careful eye examination on the same day.
In these patients, it seems more appropriate to evaluate
IOP before or after the hemodialysis session. In addition,
be careful of measuring axial length because it changes
with hemodialysis.

Abbreviations

CREF, chronic renal failure; ESRD, end-stage renal disease;
IOP, intraocular pressure; CCT, central corneal thickness;
BUT, tear breakup time; BST, basal secretion time.
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