DOI: https://doi.org/10.2298/SARH211028023S

UDC: 617.736-007.6:616.61; 616.61-008.6-78

ORIGINAL ARTICLE / OPUTUHAJTHN PA]

The effect of hemodialysis on macular thickness

Vesna Sobot', Vesna Jaksi¢®?, Igor Kovacevi¢'?, Dragan Luki¢*

‘University Clinical Center of Serbia, University Eye Clinic, Belgrade, Serbia;

*Zvezdara University Medical Center, Prof. dr Ivan Stankovi¢ Clinic for Eye Diseases, Belgrade, Serbia;
*University of Belgrade, Faculty of Medicine, Belgrade, Serbia;

“University Clinical Center of the Republic of Srpska, Eye Clinic, Banja Luka, Bosnia and Herzegovina

SUMMARY

Introduction/Objective During hemodialysis (HD) treatment great fluctuations were recorded in the
systemic hemodynamic parameters and in the volume and composition of ocular fluid. There are only
a few studies that analyzed the effect of HD on retinal and macular thickness with conflicting results.
Objective of this study was to determine macular thickness, marked as central foveal thickness, average
macular thickness and macular volume, shortly before and after HD.

Methods This prospective study included 30 chronic renal failure (CRF) patients of HD treatment. Thor-
ough ophthalmologic examinations were performed including evaluation of best corrected visual acuity,
intraocular pressure and slit-lamp examination of all eye segments. Macular thickness was determined by
optical coherence tomography shortly before and after HD. The next parameters were evaluated: central
foveal thickness, average macular thickness and macular volume. The correlation between systemic
parameters and macular thickness changes during HD was tested.

Results There were significant changes in body weight and blood pressure pre- and post-HD. Results
showed macular thickness (central foveal thickness, average macular thickness and macular volume)
decreased, but the change was not significant. There was no significant correlation between systemic
hemodynamic parameters and macular thickness changes.

Conclusion Results of this study showed there was no statistically significant changes in macular thick-
ness CRF patient undergoing HD. Further research on a larger group of patients and a longer follow-up

time are required to confirm these findings.
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INTRODUCTION

Most patients with chronic renal failure (CRF)
undergo hemodialysis treatment. Although
hemodialysis is effective, in the long term it
can lead to numerous changes in many pa-
tients. The most common eye problems that
occur in patients treated with hemodialysis are
changes in visual acuity and refraction, dry eye,
calcium deposits on the conjunctiva, “band”
keratopathy, corneal endothelial damage, and
lens clouding [1, 2]. Furthermore, it has been
shown that these patients have morphologic
and physiologic changes in the retina [3, 4].

During one hemodialysis (HD) session,
there are substantial changes in electrolyte con-
centrations and the volume and distribution of
body fluids, which can affect many systemic
parameters, as well as the composition and vol-
ume of fluid in the eye.

Previous studies have shown that HD has
an effect on central corneal thickness and
intraocular pressure (IOP), axial length and
ocular surface [5, 6, 7]. A very small number
of researchers investigated retinal and macular
thickness changes during HD. The results of
these studies are contradictory. A few studies
have shown that HD has an effect on retinal
thickness (RT) [8, 9, 10], while in others this
effect was not significant [11, 12].

The aim of this study was to determine
macular thickness expressed as central foveal
thickness (CFT), volume, and average macular
thickness immediately before and after hemo-
dialysis.

METHODS

The prospective study enrolled 30 patients who
are on a chronic hemodialysis program at the
Department of Nephrology of the Clinic for
Internal Medicine, Zvezdara Medical Center
in Belgrade. The research was conducted from
December 2014 to March 2015 at the Prof.
Dr. Ivan Stankovi¢ Clinic for Eye Diseases,
Zvezdara Medical Center. Informed consent
was obtained from all patients and the Ethics
Committee of the Zvezdara Medical Center ap-
proved the study. The patients were enrolled in
the study according to the following criteria:
patients with CRF treated with hemodialysis
and visual acuity greater than 0.1. The exclu-
sion criteria from the study were the presence
of opaque optical media and refractive anoma-
lies greater than + 10 Dsph.

Patients underwent hemodialysis three
times a week for three to four hours. It was
used standardized dialysate flow rate of 500
ml / min at blood flow rate 250-300 ml / min.
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Blood pressure and body weight were re-
corded before and after the HD session.
Weight change represents the amount of
fluid removed by hemodialysis. Standard
monitoring parameters (serum concen-
trations: Ca, P, urea, creatinine, PTH, Fe,
Er, ALP; eGFR and Kt / V) are taken from
the patient’s medical history. Based on the
cause of CREF, patients were divided into
three groups: hypertensive nephrosclerosis
(HTA), diabetes mellitus (DM) and others.

In total, 30 eyes from 30 patients were
used for statistical analysis. Which eye (right
or left) will be included in the analysis was
determined by randomization, except for
six patients in whom only one eye met the
inclusion criteria. Descriptive statistical
methods and methods for testing statisti-
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analysis. The t-test for two dependent sam-
ples and analysis of variance (ANOVA) were
used. Pearson’s correlation coefficient was
used to examine the correlation of age, HD
= length, and system parameters with changes
of macular thickness. Value p < 0.05 was
considered statistically significant.
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Figure 1. Optical coherence tomography scan with early treatment diabetic retinopathy

study retinal thickness map

Table 1. The effect of hemodialysis on blood pressure

RESULTS

The study included 30 patients (17 men

Parameters HD X SD | med | min | max p and 13 women). The average age of all sub-
Systolic blood beforeHD | 140 | 269 | 140 | 80 | 190 < 0,001 jects in the stqd?f was 61.2 + 11.1 years. The
pressure after HD | 1168 | 149 | 120 | 80 | 140 youngest participant had 27 and the oldest
Diastolic blood beforeHD | 746 | 137 | 80 40| 10 | oo 77 years. The causes of CRF in the subjects
pressure afterHD | 647 | 9.8 65 40 80 were hypertensive nephrosclerosis (n = 17),
Mean blood beforeHD | 90 | 29.2 | 983 0 |1267 0,001 diabetes mellitus (n = 4), while in nine pa-
pressure after HD | 52 41 | 783 ] 0 100 tients the causes were other (chronic pyelo-

HD - hemodialysis; mean blood pressure - (2 x diastolic blood pressure + systolic blood pressure) / 3)

A thorough ophthalmological examination was performed,
which consisted of the determination of the best corrected
visual acuity, IOP, examination of the anterior and posterior
segment of the eye. Snellen optotype was used to determine
visual acuity, while IOP was measured using Goldmann’s
applanation tonometer. Macular thickness was determined
by optical coherence tomography (Spectral Domain Optical
Coherence Tomography, SD [OCT]; Copernicus HR,
Optopol, Zawiercie, Poland) immediately before and after
hemodialysis. OCT imaging was performed after the pupils
were dilated using local mydriatics (2.5% Sol. Phenylephrin
and 1% Sol. Tropicamid). RT was analyzed using data ob-
tained by a map defined by the Early Treatment Diabetic
Retinopathy Study [13]. The following were analyzed: inner,
intermediate and outer ring of radius 0.6 vs. 2.2 vs. 3.45 pm.
The average RT corresponding to the inner ring is marked
as CFT, while the average macular thickness (MEAN)
is the average thickness of all three rings. Volume is the
volume of the macular region radius 3.45 um (Figure 1).
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nephritis (n = 3), primary glomerulopathies
(n = 3), obstructive uropathy (n = 2) and
polycystic kidney disease (n = 1).

Changes in arterial blood pressure (systolic, diastolic
and mean) before and after hemodialysis was statistically
significant. Average values of differences between systolic
blood pressure, diastolic blood pressure and mean blood
pressure before and after HD were 33.16 £ 19.09 vs. 10.53
+9.85 vs. 38 + 36.59 mmHg (p < 0.001). (Table 1).

The average value of body weight in subjects before HD
was 72.1 + 15.9 kg, while after HD 67.3 + 20 kg, which is
a statistically significant difference (t = 8.999; p < 0.001).
(Table 2). There was no statistically significant correlation

Table 2. The effect of hemodialysis on body weight

Parameters n X SD | med | min | max p
BW beforeHD | 22 | 72.1 | 159 | 67.9 | 53.5 | 110
BW after HD 29 | 673 | 20 66 0 107
ABW 21 26 | 1.2 | 25 | 05 5 <0.001

BW - body weight; HD - hemodialysis; ABW- difference in body weight before
and after HD
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The effect of hemodialysis on macular thickness

Table 3. The effect of hemodialysis macular thickness

between patient age and changes in body weight and

blood pressure, as well as between length of HD and

the above parameters (p > 0.5).

The effect of hemodialysis on macular thickness

Parameter HD SD med | min | max p
beforeHD | 346 | 1184 |329.5| 175 | 583
CFT 0.142
after HD | 308.3 | 100.1 | 300.5 | 128 | 545
before HD | 280.1 | 52.1 | 263.5| 199 | 448
MEAN 0.734
after HD | 275.1 | 52.6 |[269.5| 185 | 398
before HD | 13.44 | 2.69 | 263.5| 7.01 | 21.96
Volume 0.347
afterHD | 13.17 | 2.59 | 269.5 | 9.06 | 18.96

The mean value of CFT before HD was 346 + 118.4 um,
while after HD 308.3 + 100.1 um. Difference in CFT

HD - hemodialysis; CFT — central foveal thickness;
MEAN - average macular thickness; Volume — macular volume

Central foveal thickness

CF

CFT

after HD

before HD

Figure 2. The effect of hemodialysis on central foveal thickness

Table 4. Changes of macular thickness after hemodialysis in groups
of patients formed based on CRF causes

Parameter | Group X SD min max p
HTA 733 | 13120 | -46 455
ACFT DM -7.5 | 139.82 | -216 80 0.432
Other | 733 | 161.17 | -272 294
HTA -1 48.25 -75 88
AMEAN DM 17.25 | 98.02 | -106 131 0.862
Other | 5.89 62.41 -91 93
HTA -0.46 2.56 -5.20 4.31
AVolume DM 3.44 2.88 0.19 6.44 | 0.060
Other | -0.15 3.17 -3.91 4.55

HTA - hypertensive nephrosclerosis; DM - diabetes mellitus; ACFT - difference
of central foveal thickness before and after hemodialysis; AMEAN —difference
of average macular thickness before and after hemodialysis; AVolume -
difference in macular volume before and after hemodialysis

Table 5. Values of serum concentrations of the examined system pa-
rameters

Parameters n SD med min max
Ca 30 23 0.2 2.2 1.9 29
P 30 1.3 0.5 1.4 0 24
Urea 30 214 4.9 21.5 134 31.7
Creatinine 30 8354 128 809 623 1211
eGFR 30 52 1.1 5 3 8
PTH 30 244 265.1 | 1538 15.7 1213
Fe 29 10.2 338 9.6 32 226
Er 27 32 0.5 34 1.8 4.4
ALP 30 83.6 57.6 64.5 28 310
Kt/V 20 1.4 0.3 1.4 0.8 2.2
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before and after HD was not statistically significant

(t=1.514; p > 0.05). Average value of average macular

thickness (MEAN) before HD was 280.1 + 52.1 um,
while after HD 275.1 + 52.6 um. The difference in average
macular thickness before and after HD was not statisti-
cally significant (t = 0.343; p > 0.05). Average macular
volume before HD was 13.44 + 2.69 mm?, while after HD
was 13.17 + 2.59 mm’. The difference in macular vol-
ume before and after HD was not statistically significant
(t=1,347; p > 0.05). (Table 3, Figure 2)

There was no statistically significant correlation be-
tween age and macular thickness (r = 0.079; p = 0.689),
HD length and macular thickness (r = 0.180; p = 0.359),
as well as between hemodynamic parameters (ABW, ABP)
and macular thickness (p > 0.5).

Change in macular thickness in the examined
groups

Mean values of macular thickness changes after HD in
groups of patients formed based on CRF causes are listed
in Table 4. There were not statistically significant differ-
ences in macular thickness before and after HD between
groups (p > 0.05).

Correlation of system parameters with macular
thickness

The average values of serum concentrations of the exam-
ined system parameters are given in Table 5. There was no
statistically significant correlation between the parameters
listed in Table and macular thickness (p> 0.05).

DISCUSSION

There was a statistically significant difference between
body weight and blood pressure (systolic, diastolic and
mean) before and after hemodialysis. The principal goal
of hemodialysis is to regulate metabolic disbalance and to
remove excessively accumulated fluid. Volume overload is
one of the main mechanisms of blood pressure elevation
in patients undergoing HD [14]. Therefore, the change in
body weight and blood pressure during HD is expected
because the difference between body weight before and
after HD represents the amount of removed liquids.

The results of this research showed that there was a
decrease in the macular thickness, expressed as CFT and
average macular thickness, after HD, however this differ-
ence was not statistically significant. Furthermore, findings
of our study showed there was no statistically significant
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correlation between examined systemic parameters and
changes in macular thickness. Possible explanation for this
result is the mechanisms responsible for maintaining the
balance between plasma volume and dynamic changes in
fluid volume during HD. Bauer and Brooks [15] showed
that, although there is a decrease in the total volume of
extracellular fluid during HD, this decrease is present only
in the interstitial compartment, while the plasma volume
remains unchanged. One of the possible pathophysiologi-
cal mechanisms that explains this effect represents an in-
crease in colloidal osmotic pressure. Namely, during HD
due to fluid loss there is an increase in colloidal osmotic
pressure and the creation of a pressure gradient between
plasma and interstitial fluids. The pressure gradient causes
movement of interstitial fluid to plasma, which maintains
the balance between plasma volume and dynamic changes
in total fluid volume in patients with HD [16]. It is possible
that because of these mechanisms, HD has a low effect on
retinal circulation.

The results of research conducted by Sun et al. [11] and
Azem et al. [12] are in accordance with the results in this pa-
per. Namely, Sun et al. [11] examined the change in macular
thickness, among other parameters, before and after one HD
session on 202 patients using OCT. In their research there
were no statistically significant changes in macular thick-
ness, although there was a decrease of subfoveal choroidal
thickness. Furthermore, in a study conducted by Azem et
al. [12] changes in macular thickness were not statistically
significant. In both of these studies’ methodology was very
similar to ours. In contrast to the research above, there are
also studies which showed statistically significant reduction
in macular thickness after hemodialysis [8, 9]. Studies by
Jung et al. [8] and Theodossiadis et al. [9], although meth-
odologically very similar to ours, showed that there was a
statistically significant reduction in macular thickness after
HD. Based on the obtained results, Theodossiadis et al. [9]
concluded that the reduction in macular thickness was more
pronounced in patients with clinically significant macular
edema. In none of these studies, there was no statistically
significant correlation between changes in macular thickness
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and changes in monitored systemic parameters (body weight
and blood pressure), which is complementary to the results
presented in this study.

A lot of CREF patients undergoing HD have severe ocular
problems involving retina. Proper diagnosing and treating
these conditions can be particularly challenging. Knowing
how systemic changes influence retinal changes, could help
ophthalmologists in clinical practice to correctly interpret
diagnostic tests and adequately treat patients. Results of
this study showed that there was no significant change of
macular thickness during HD, which is valuable informa-
tion for planning OCT examination which can be done
independently of time interval from a HD session.

It is important to note that there were limitations in
this research. Total number of 30 patients examined repre-
sent an insufficiently large sample and therefore obtained
results could not be generalized to all patients with CRF
who are on hemodialysis. Moreover, this study examined
only the short-term effects of hemodialysis. It is possible
the results would be different if patients were examined
before and after multiple hemodialysis sessions. Diabetic
macular edema is one of the most important causes of
vision impairment and it develops mainly due to disrup-
tion of blood-retinal barrier and capillary leakage. It is
possible that systemic hemodynamic changes during HD
have greater influence on macular thickness in diabetic
patients. Considering that our study enrolled only four
DM patients, further research with more diabetic patients
in the study cohort could give us more useful information.

CONCLUSION

The results of this study showed that there was no sig-
nificant reduction in macular thickness after HD in CRF
patients. However, further research with more patients is
needed and a longer follow-up period to confirm these
results.
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CAMETAK

YBop/Uum Y ToKky jegHe cecunje xemogujanumse (X) ponasu
[0 BEMMKUX MPOMEHA CUCTEMCKUX XEMOAUHAMCKUX Napame-
Tapa, Kao 1 cacTaBa 1 BOJlyMeHa TeYHOCTM Koja ce Hanasu y
oky. MocToju manu 6poj cTyauja, ca ONpPeyYHrM pesynTaTuma,
Koje cy ucnutmsane ytuuaj X1 Ha febrbuHy peTuHe 1 Makyne.
Linb oBe cTyauje je 6vo oppehuBatbe AebmbrHe MaKyne, Mcka-
3aHe Kao LiIeHTpanHa ¢poBeanHa febsbrHa, poceyHa aebbuHa
MakKyne 1 yKynaH BolyMeH MaKynapHe peruje, HenocpeaHo
npe n nocne XA.

MeTopge Y npocneKTuBHY CTyaujy yKibyuyeHo je 30 bonecHmKa ca
XPOHUYHOM By6peXHOM MHCYGULIjEHLIMjOM KOjU CY Ha Nleyekby
X[.O6aBrbeH je AeTarbaH 0TanMoNoLKY Npernes yKibydyjyhu
ogpehuBame Hajbosbe KOpUroBaHe BUAHE OWTPYIHE, UHTPAO-
KynapHOT NMpUTUCKa, Npernes npeaHer CermeHTa oka 1 OUHor
nHa. le6b/bmHa Makyne je ofpehrBaHa ONTUYKOM KOXEPEHT-
HOM ToMOrpadujom HermocpeHo npe v nocne X[. Mapametpu
npahera cy 6unu LeHTpanHa doBeanHa feb/buHa, NpoceyHa
nebsbrHa MaKyre 1 YKyrnaH BolyMeH MaKynapHe peruje.
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PesynraTtm [locTojana je CTaTUCTYKM 3HauajHa pasnnka nmehy
TeNnecHe TEXUHE U KPBHOT MpUTUCKa npe 1 nocne X, Tj. gowno
je po 3HauajHoOr cMarberba HaBeAeHMX napamertapa nocne X/.
Pe3yntaTtn oBor paga cy nokasanu Aa je HakoH X[l gowno fo
CMatbetba 1e6/brHe MaKyne, MCKa3aHe Kao LieHTpanHa ¢pose-
anHa pebrbuHa, NpoceyHa febsbriHa Makyne 1 yKynaH BolyMeH
MaKynapHe peruje, MehyTM Ta pa3nuKa Huje 6vna cTaTUCTYKI
3HayajHa. Huje 6uno ctatMcTMyKy 3HayajHe Kopenaumje nsmehy
NCMUTUBAHMX CUCTEMCKIX MapameTapa U npomeHe aebsbuHe
MakyJe.

3ak/byyvak Pe3yntati 0BOr paja Cy Nokasanu Aa Hema 3Hayaj-
HOT CMatberba febrbuHe Makyne HakoH X[ kop 6onecHuKa ca
XPOHUYHOM By6pexXHOM UHCYdULMjeHLjoM. MehyTum, Heon-
XO[Ha Cy Jasba UCTpaxmBaka ca Behum 6pojem 6onecHuKa u
JYXXUM nepuogoM npahera Koja 61 NoTBpAMIa OBe pe3ynTaTe.

KmbyuHe peun: feb/b1Ha MaKyne; xemomjaninsa; onTuuka Ko-
XepeHTHa Tomorpaduja
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