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Summary

Introduction. Hemodialysis patients with chronic renal failure, suf-
fer from affective dysfunction to a variable extent. The aim of our
study was to evaluate the cognitive and affective status in patients
before and after hemodialysis. Apart from this, the goal of the study
was to examine and compare the cognitive status of patients on di-
alysis in relation to the control group, but also in relation to labora-
tory parameters. Material and Methods. This research was a pro-
spective study including 30 hemodialysis patients with chronic renal
failure treated at the Department of Nephrology of the Health Cent-
er in Kosovska Mitrovica. The cognitive status of the subjects was
evalueted by determining the simple reaction time to auditory and
visual stimuli before and after hemodialysis sessions and using the
Mini Mental Status Examination, while the affective status was
evalueted by using the Beck Depression Inventory. Results. The
analysis of the obtained results showed a statistically significantly
lower auditory and visual simple reaction times (p = 0.014) after
dialysis (p = 0.023). The results have confirmed a statistically sig-
nificantly decreased simple reaction time to visual stimuli (p =
0.001), while a statistical significance (p = 0.137) was not obtained
for the auditory stimuli when compared to the control group. The
Mini Mental Status Examination and the Beck Depression Inven-
tory did not indicate a significant cognitive status damage or pres-
ence of depression. Conclusion. The importance of hemodialysis in
the improvement of cognitive function is clearly evident, even
though the general state of cognitive status in patients on hemodi-
alysis is lower compared to the healthy population. Evaluation of the
cognitive and affective status using simple reaction time, Folstein’s
Mini Mental State Examination and the Beck Depression Inventory,
should be used on daily basis in hemodialysis patients.
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Introduction

Unrecognized and untreated chronic renal dis-
eases lead to chronic renal failure (CRF) and ter-
minal renal failure, and their incidence has in-

SaZetak

Uvod. Kod pacijenata sa hronicnom bubreznom insuficijencijom
podvrgnutih hemodijalizi kognitivna i afektivna disfunkcija je pris-
utna u varijabilnom intenzitetu. Cilj istraZivanja je procena kogni-
tivnog statusa pacijenata pre hemodijaliznog tretmana i nakon njega,
kao 1 afektivnog statusa. Jedan od ciljeva istrazivanja je i sagledati
kognitivni status pacijenata na dijalizi u odnosu na kontrolnu grupu,
kao i u odnosu na laboratorijske parametre. Materijal i metode.
Istrazivanje je koncipirano kao prospektivna studija koja je obuhva-
tila 30 pacijenata sa dijagnozom hroni¢ne bubrezne insuficijencije
hemodijaliziranih na odeljenju nefrologije Zdravstvenog centra u
Kosovskoj Mitrovici. Kognitivna funkeija ispitanika procenjena je
odredivanjem prostog reakcionog vremena na auditivni i vizuelni
stimulus pre 1 nakon hemodijalizne seanse 1 primenom mini mental
testa, dok je afektivni status procenjen primenom Bekovog testa
depresije. Rezultati. Analizom dobijenih rezultata registrovane su
statisticki znacajno nize vrednosti prostog reakcionog vremena na
auditivni (p = 0,014) 1 vizuelni stimulus nakon dijalize (p = 0,023).
Dobijeni rezultati ukazuju na statisticki signifikantno znacajno sma-
njenje vrednosti reakcionog vremena na vizuelni stimulus (p=0,001),
dok za auditivni stimulus nije postignuta statisticka znacajnost (p =
0,137) u poredenju sa kontrolnom grupom. Mini mental test i Bekov
test depresije nisu ukazali na signifikantno ostecenje kognitivnog
statusa i prisustvo depresije. Zakljuc¢ak. Znacaj dijalize u pobolj$anju
kognitivnih funkcija je jasno evidentan iako je opste stanje kognitiv-
nog statusa pacijenata na hemodijalizi oste¢eno u odnosu na zdravu
populaciju. Procena kognitivnog i afektivnog statusa odredivanjem
prostog reakcionog vremena, primenom Folstejnovog i Bekovog
testa depresije, treba da nade vecu zastupljenost u svakodnevnom
klinickom radu sa pacijentima na dijalizi.

Kljuéne reéi: hroni¢na bubrezna insuficijencija; kognitivni
poremecdaji; afektivni poremecaji; reakciono vreme; neuropsi-
holoski testovi; hemodijaliza; ishod le¢enja

creased exponentially over the past two decades.
Consequently, more than two million patients in the
world are currently treated with one of the three
methods of renal replacement therapy — hemodialy-
sis (HD), peritoneal HD and kidney transplantation
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Abbreviations

CRF — chronic renal failure

HD — hemodialysis

SRT — simple reaction time

MMSE - Mini Mental State Examination
BDI — Beck Depression Inventory

[1, 2]. The very nature of CRF affects the incidence
of cognitive impairment, most often due to uremia,
but this may be attributed to any other metabolic dis-
order caused by the loss of renal function [3]. The pres-
ence of global cognitive impairment in people with
CRF compared to healthy individuals from the similar
or same age group is evident [3, 4]. Among the labora-
tory parameters that deviate from the reference values,
in correlation with cognitive impairment, the indica-
tors of anemia, serum levels of nitrogenous substanc-
es and the elevated potassium levels have been estab-
lished. Patients with good dialysis efficiency have mild
cognitive deficits, progressing to moderate impair-
ments associated with lower HD efficiency. Anemia
is a crucial factor and its correction may improve the
patient’s cognitive status. In patients with different
stages of CRF, cognitive impairment shows variable
intensity, but its incidence is also observed in indi-
viduals undergoing HD treatment [4].

Some studies suggest that there is a proportional cor-
relation between the degree of cognitive impairment and
the stage of CRF [5]. Patients with elevated urea and
other harmful metabolic products in the blood show
poor performance on tests, shorter attention span, and
lower levels on working memory tasks [6]. In addition,
it should be noted that HD treatment can positively im-
pact the cognitive status in patients with end-stage CRF.
The comparison of these results with the results of trans-
plant patients in one of the studies showed that HD does
not delay the repair of cognitive functions [7, 8]. The
research has also shown a significant influence of low
hematocrit values, in other words anemia, on the decline
in cognitive function [6, 9]. The synergy of several fac-
tors that affect the onset of cognitive impairment and its
incidence in dialysis patients requires attention as it can
be an indicator of HD efficacy, complications related to
the treatment itself, as well as the engagement of other
factors including comorbid diseases. Cognitive impair-
ment can significantly reduce patients’ quality of life,
which in turn leads to inadequate medical care due to
the patient’s difficulty in following the advice on neces-
sary lifestyle, and may also affect the quality of inter-
personal relationships, reduce the ability of social adap-
tation, and partly lead to the decline in quality of life [5,
9, 10].

The very nature of CRF is associated with the prev-
alence of psychiatric disorders. The multisystemic in-
volvement with a mass of symptoms leads to patients’
inadequate mental response. Symptoms from the do-
main of mental functions are manifested, over time, by
the presence of smaller intellectual deficiencies, fatigue,
concentration difficulties and apathy. Mood and char-
acter disorders also develop during the progression of
the disease. During the treatment of CRF by HD, anxi-
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ety and depression are only the most frequent manifes-
tations followed by a decreasing libido and insomnia. A
kind of “handicap” is being formed, often influenced
by an attachment to the apparatus being used at a certain
time. In relation to patients’ response to medical person-
nel performing the HD treatment, the reactions range
from an apparent cooperation with the ultimate regres-
sion to constant demands and conflicts with the rules.
Sometimes, even a suicidal behavior may occur [11].
Psychiatric disorders are more frequent in patients with
CRF than in the general population. Although depres-
sion significantly affects the survival rate of HD patients,
a more accurate incidence rate of depression and other
psychiatric disorders has not been fully defined [12].

Neurophysiological and neuropsychological meth-
ods, such as cognitive evoked potentials (P300) and
reaction time, are objective markers of the readiness
levels of cognitive mechanisms. Therefore, their regis-
tration and analysis are logical steps in assessing the
cognitive state of both healthy subjects and those with
different pathological conditions. The reaction time is
increasingly used as a quantitative method and tech-
nique in examining the speed of information process-
ing in humans, during an experimental process. The
time interval between the moment of simple or com-
plex stimuli introduction and the subsequent motor
response reflects the speed of neurophysiological, cog-
nitive and information processes that result from the
effect of the stimulus on subjects’ sensory system. In-
formation perceiving and processing, decision making,
and responding by motor action are processes that fol-
low one another and comprise what we call reaction
time [13, 14]. A simple reaction time (SRT) is a reaction
to an already known stimulus, where the same response
is expected in all subsequent attempts, so the subject
is able to program the movement in advance [15]. In
testing, the reaction time method reflects the readiness
level of nervous and cognitive mechanisms, making
them valid in studying the reaction rate in various situ-
ations in subjects on HD.

The cognitive status of CRF patients on HD ex-
pressed through the mean value of SRT is not the same
before and after dialysis treatment, and it is affected by
the values of biochemical laboratory parameters char-
acteristic for CRF. The more pronounced the param-
eters of anemia, electrolyte imbalance, and elevated
levels of nitrogenous substances, the poorer the
achievement in tasks requiring preserved writing abil-
ity and constructive activity, which in turn can be es-
timated by using Mini Mental State Examination
(MMSE) by Folstein, 1975 [4, 16-18].

The aim of this study was to determine the cognitive
and affective status of patients with CRF on HD treat-
ment by examining SRT before and after dialysis treat-
ment using the neuropsychological MMSE test, as well
as the Beck Depression Inventory (BDI). One of the
objectives of the study was to evaluate the cognitive
status of patients with CRF on HD treatment compared
to the control group, in relation to laboratory parameters.

The study was based on the assumption that HD
treatment contributes to the improvement of cogni-
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Table 1. Auditory and visual SRTs before and after hemodialysis
Tabela 1. Vrednosti prostog reakcionog vremena na vizuelni i auditivni stimulus pre i posle hemodijalize

Simple reaction time/Prosto reakciono vreme Before HD/Pre HD  Post HD/Posle HD p - value/p - vrednost

Auditory stimuli/Auditivni stimulus
Visual stimuli/Vizuelni stimulus

3329+94.1
429.2 + 147.8

313.8 £ 67.1 0.014
385.1+121.8 0.023

HD - hemodijaliza

Table 2. Mean auditory and visual reaction times compared to the control group
Tabela 2. Prikaz srednjeg reakcionog vremena na auditivni i vizuelni stimulus u odnosu na kontrolnu grupu

Simple reaction time/Prosto reakciono vreme Post HD/Posle HD Control group/Kontrolna grupa p — value/p - vrednost

Auditory stimuli/Auditivni stimulus
Visual stimuli/Vizuelni stimulus

313.8£67.1
385.1+121.8

293.8 +£34.7 0.137
300.9 + 50.5 0.001

HD - hemodijaliza

tive and affective status of patients and that the
cognitive and affective status of patients with CRF
differs from the one of the patients without CRF.

Material and Methods

This prospective study included a total of 30
volunteer patients (22 men and 8§ women) aged 29
to 75 (54.3 + 14.51), with 4 to 16 years of formal
education, suffering from CRF on hemodialysis in
the period from May to July 2017 at the Department
of Nephrology of the Health Center in Kosovska
Mitrovica. The subjects were treated by hemodi-
alysis about four hours, three times a week. The
study included a control group of 50 healthy volun-
teers (20 men and 30 women), aged 35 to 69 (56.1
+9.5), with 8 to 16 years of formal education.

Using a special computer program, SRT testing
was performed in each patient individually, before
and immediately after HD treatment. The SRT was
measured using a combination of two tasks, one
including visual and the other auditory stimuli.

The MMSE (Folstein, 1975) was used as a screen-
ing test for the assessment of cognitive decline, that
is the existence and the severity of dementia, while
BDI (Beck, 1996) was used for assessing the affective
status, i.e. the severity of depression.

The obtained data were processed using the Sta-
tistical package for the social sciences (SPSS) (version
25) (IBM Corporation, Armonk, NY, USA). The data
are shown as percentages and mean values with stand-
ard deviation. The T-test was used for testing statisti-
cal hypotheses for two dependent and two independ-
ent samples. The correlation between the variables
was estimated by Pearson’s and Spearman’s correla-
tion coefficient. Statistical hypotheses were tested at
the level of statistical significance (alpha level) of 0.05.

The study was conducted with the approval of Eth-
ics Committee of Health Center Kosovska Mitrovica.

Results
The most common causes of CRF in our subjects

were chronic glomerulonephritis (26.7%) and dia-
betic nephropathy (20.0%). The average duration of

HD treatment was 4.25 + 4.09 years, with a range of
0.07 to 14.57. In the survey sample, the highest inci-
dence of subjects on HD (56.3%) was recorded in four
municipalities of the northern part of Kosovo and Me-
tohija (Kosovska Mitrovica, Leposavi¢, Zvecan and
Zubin Potok). Patients from municipalities in the south
of the province had a lower incidence (43.7%).

The mean SRT to auditory stimuli before HD was
332.9 = 94.1 and post HD treatment it was 313.8 =
67.1, which shows a statistically significant difference
(p = 0.014). There was a significant reduction in the
mean SRT to the auditory stimuli post HD treatment.
The mean SRT to visual stimuli before HD was 429.2
+ 147.8, while post HD treatment it was 385.1 + 121.8,
which also shows a statistically significant difference
(p = 0.023). There was a significant reduction of SRT
to visual stimuli post HD (Table 1).

The mean SRT to auditory stimuli in subjects
with CRF after HD treatment was 313.8 &+ 67.1, while
in the control group it was 293.8 + 34.7, which was
not a statistically significant difference (p = 0.137).
The mean SRT to visual stimuli in subjects after HD
treatment was 385.1 + 121.8 while in the control
group it was 300.9 £ 50.6, which was a statistically
significant difference (p = 0.001) (Table 2).
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Graph 1. Beck Depression Inventory in the studied
group of patients
Grafikon 1. Bekov indikator depresije kod ispitivane
grupe pacijenata
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Based on the results of our study, the incidence of
patients with CRF on HD examined by the Folstein’s
MMSE showed no statistically significant predictive
value affecting their cognitive status. The total score
reported normal functioning in 27 patients (90%), and
a minimal cognitive deficit in 3 patients (10%).

The BDI was used to examine the degree of de-
pression in patients with CRF on HD, or the lack
thereof. The results of examination showed 9 positive
cases, 2 patients with severe, 2 with moderate, and 5
with mild depression, while no depression was de-
tected in 21 patients. The statistical analysis of the
obtained data revealed that there was no correlation
between depression and mean SRT (Graph 1).

Laboratory indicators of anemia in patients on HD
showed decreased mean erythrocyte (3.4 £ 0.6), hemo-
globin (104.7 &+ 18.2) and hematocrit (316 £+ 55.04),
while the mean value of iron was 11.8 £ 6.5. The level
of glycemia in patients undergoing HD was 6.02 +2.8.

By reviewing the average range of laboratory pa-
rameters that indicate serum levels of nitrogenous
substances, in patients with CRF on HD, there were
significant increases of urea (26.14 + 5.75), creatinine
(1111.55 + 1327.88) and uric acid (403.17 = 73.21)
before HD, while the values of azotemia were, as
expected, within the reference values (urea: 11.25 +
3.13, creatinine: 444.16 + 124.88, uric acid: 165.8 +
59.25) after HD treatment. The review of the electro-
lyte status before HD indicated an electrolyte imbal-
ance, which contributes to hyperkalemia, a mild el-
evation of phosphorus before HD treatment, as well
as calcium after HD treatment, with approximate
reference values for serum concentrations of other
electrolytes (Na“, CI). The parameters of hepatic
parenchymal damage, aspartate aminotransferase,
alanine aminotransferase, and gamma-glutamyl
transpeptidase, were within the reference values,
whereas the average leukocyte and sedimentation
values did not indicate an inflammatory disease.

Using the correlation tests, we found that there
was a statistically significant, medium negative as-
sociation between the levels of urea before HD and
the values of SRT to auditory stimuli before HD (r
=-0.399; p = 0.029). Also, there was a statistically
significant medium negative correlation between
post HD creatinine values and post HD values of
SRT to auditory stimuli (r = -0.448; p = 0.013).

The correlation between the duration of dialysis
and the values of SRT to auditory and visual stim-
uli did not prove to be statistically significant.

Discussion

During our study, we have performed two sepa-
rate measurements of SRT (before and after HD) in
patients with CRF on HD treatment. The analysis of
the results clearly indicated a longer reaction time
prior to HD treatment, both to visual and auditory
stimuli, and the difference was statistically signifi-
cant (p <0.001). A statistically significant difference
was also found when comparing the mean SRT to
visual stimuli in the control and the HD group (after

225

HD), but the difference did not reach the statistical
significance for the auditory stimuli.

Longer reaction times to visual stimuli were
clearly noticeable compared to auditory stimuli. This
is probably caused by the fact that auditory stimuli
require only 8 to 10 ms to reach the temporal lobe,
while visual stimuli require 20 — 40 ms to reach the
occipital cerebral lobe [19].

Among patients undergoing HD treatment, the
cognitive changes were clearly reversible after HD,
transplantation, or introduction of erythropoietin
therapy [10]. Due to kidney’s inability to maintain
the homeostasis of the body fluids and biochemical
composition, accumulation of nitrogenous substanc-
es and other decomposition products occurs. One of
the effects of uremia is the deficit of cognitive strat-
egy. In cases where transplantation is not an option,
HD is the main therapeutic method that keeps pa-
tients alive. It is a proven fact that HD improves the
cognitive status of patients, but the fluctuations of
cognitive status related to HD duration, HD type, the
frequency of dialysis sessions, including the period
between two HD sessions, are slightly less known
[20—22]. The parameters for anemia indicate its clear
presence in a group of patients on HD, which is sup-
ported by lower mean levels of erythrocytes, hemo-
globin, and hematocrit. The effects of hematocrit and
anemia on neurocognitive performance in patients
with CRF on conservative or HD treatment have
been investigated in many studies [9, 23-25].

The MMSE is a rapid mental status test which is
a good predictor of possible disorders of serum elec-
trolytes [17]. In our study, serum levels of electrolytes
indicated a predominantly elevated level of potassi-
um, with no statistically significant correlation.
Therefore, the isolated hyperkalemia cannot be a
predictor of cognitive dysfunction, which is reflected
in the extended SRT values to visual and auditory
stimuli prior to HD treatment. Since other relevant
electrolytic parameters that are characteristic for HD
patients with CRF are within approximate reference
ranges, the potassium values are most likely a reflec-
tion of the failure of patients on HD to follow the
recommended nutritional-hygienic regimen [26]. Our
research has shown a correlation between the urea
levels before HD and values of SRT to auditory stim-
uli before HD, as well as a correlation between the
creatinine levels after HD and values of SRT to audi-
tory stimuli after HD, while no statistical signifi-
cance was noted for anemia and electrolyte status
parameters.

In our study, we obtained statistically significant
values by determining SRTs before and after dialy-
sis and compared them to the results of the MMSE
test, which confirmed that determination of SRTs
to auditory and visual stimuli is a more sensitive
indicator of cognitive deficit.

Patients on HD often feel and look “chronically
tired”, which means that the fluctuations in memory
resources and reaction time are interpreted differ-
ently. Specifically, serotonin levels are reduced in
patients with CRF, and serotonin is known for its
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effects on the affective status and working memory
[27]. Psychiatric disorders are more common in pa-
tients with CRF than in the general population. A
more precise incidence rate of depression and other
psychiatric disorders has not been fully defined [12].

Conclusion

Our study showed that there was a significant
reduction in the mean simple reaction time to the
auditory and visual stimuli post hemodialysis treat-
ment. The importance of hemodialysis in the im-

provement of cognitive functions is clearly evident,
even though the general state of cognitive status in
patients with chronic renal failure on hemodialysis
1s impaired compared to a healthy population.

There is a correlation between the levels of urea
before hemodialysis as well as creatinine levels post
hemodialysis and simple reaction time to auditory
stimuli.

Sporadic cases that indicate an impaired affective
status and depression of hemodialysis patients require
application of preventive psychiatric tests and assess-
ments.
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