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Abstract

Background/Aims: Up to 70% of hemodialysis patients over the age of 54 have relevant cog-
nitive impairment. No standardized protocol for the evaluation and monitoring of this popu-
lation is available today. We hypothesized that the dialysis procedure and the testing environ-
ment induce fluctuations of cognitive performance. Methods: 26 hemodialysis patients were
randomly tested using the Montreal Cognitive Assessment (MoCA) before, during and after
hemodialysis and inside the dialysis room or alone in a separate room. Tests were performed
at weekly intervals using five test variations to prevent learning effects. The Mini-Mental State
Examination (MMSE) was performed as a reference test. Results: MoCA scores significantly
differed between the conditions: ‘before hemodialysis’ revealed the best MoCA score as com-
pared to ‘during hemodialysis’ or ‘after hemodialysis’ (p = 0.013). During the combined condi-
tion 'before dialysis AND separate room’, best performance was achieved (p < 0.001). The BP
decline had no significant influence on cognitive performance, whereas the fluid shift showed
a significant impact (p = 0.008). Conclusion: Cognitive performance in hemodialysis patients
highly depends on the time point and testing environment. Therefore, we strongly suggest a
standardization, using the MoCA before hemodialysis in a separate room, in order to make
testing results of future research in this field comparable. © 2014 S. Karger AG, Basel
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Introduction

Cognitive impairment and dementia are common among hemodialysis patients: up to
70% of them aged 55 years and older suffer from moderate to severe chronic cognitive
impairment [1, 2]. Systematic cognitive assessment is important, as cognitive dysfunction
may have adverse effects on the management and outcomes. Cognitive impairment interferes
with informed decision making and the capacity for self-care and therefore may have potential
effects on medical, fluid and dietary compliance [3, 4]. More advanced stages of dementia are
associated with disability, hospitalization and an approximately 2-fold increased risk of both
dialysis withdrawal and death [5-7]. Apart from these overt complications for the patients
and their quality of life, the associated increase in care costs represents a growing socioeco-
nomic burden [8].

Apart from chronic cognitive impairment, the hemodialysis procedure itself may induce
an acute state of confusion affecting global cognition. Recurrent blood pressure (BP) fluctua-
tions, large fluid shifts and hemoconcentration during dialysis are considered to cause
reversible cerebral ischemia [9]. This is important for clinical practice as this state of altered
consciousness may interfere with conversations concerning, for example, therapeutic strat-
egies between the patient and his attending physician.

However, the factors influencing cognition have not been thoroughly considered in
previous studies, and to our knowledge no cognitive screening instrument has been validated
in hemodialysis patients so far, apart from one cross-sectional study including 374 hemodi-
alysis patients by Murray etal. [1] in 2006. In this study the Modified Mini-Mental State Exam-
ination (3MS) detected 21% of those patients with severe chronic cognitive impairment, who
were diagnosed on the basis of an algorithm including nine validated neuropsychological
tests.

The Montreal Cognitive Assessment (MoCA) was used for the evaluation of cognitive
function in this study [10]. The MoCA test evaluates the domains attention and concentration,
memory, orientation, language, visuoconstructional skills, conceptual thinking, calculations
and executive functions. The detection of impairment in executive functions is important for
the assessment of hemodialysis patients, because apart from memory function, this skill
seems to be impaired early in these patients [11, 12].

Thus, we aimed (a) to determine the feasibility of using the MoCA in detecting cognitive
impairment in hemodialysis patients, (b) to determine the best test conditions for assessing
cognitive function to establish a standard for future research, and (c) to identify factors asso-
ciated with differences in cognitive performance, such as BP fluctuation and fluid shift.

Methods

Inclusion and Exclusion Criteria of Patients

During September and October 2011, patients were recruited from the KfH Kuratorium fiir Dialyse und
Nierentransplantation e.V., Munich, Germany, and from the University Dialysis Unit at the Department of
Nephrology, Klinikum rechts der Isar, Technische Universitat Miinchen, Munich, Germany. All study partici-
pants had to be older than 18 years and had to have been on hemodialysis treatment for at least 3 months.
Patients were not included, if they had any motor impairment of the dominant hand, aphasia or amaurosis,
which would impair test performance. Patients were recruited consecutively. 20% of eligible patients
consented to participate.

The study protocol was approved by the local ethics committee. Written informed consent was obtained
from all participants before any study-specific procedures were carried out. This study is part of the ISAR
study, which was registered on ClinicalTrials.gov (identifier No.: NCT01152892). ISAR is an observational
study to evaluate the use of noninvasive markers of autonomic function and micro- and macrocirculation to
predict mortality and cardiovascular end points in end-stage renal disease patients.
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Evaluation of Cognitive Function

The MoCA was used for the evaluation of cognitive function in this study [10]. In order to prevent
learning effects caused by repetitive testing, four alternative variations of the original version were developed
in collaboration with an experienced neuropsychologist.

The participants were evaluated at weekly intervals when they were randomly administered one of the
five alternative test versions at five different testing conditions: (1) before hemodialysis in the group room,
(2) before hemodialysis in a separate room, (3) during hemodialysis at the beginning of the 2nd hour, (4)
immediately after hemodialysis in the group room, and (5) immediately after hemodialysis in a separate room.

In addition, every participant was tested using the Mini-Mental State Examination (MMSE) during the
hemodialysis treatment subsequent to the first testing condition mentioned above. The MMSE was used as a
reference test, as it is the best-known and most-studied screening instrument for cognitive function, and
normative values for age and education level are available [13].

An a priori power analysis revealed that 20 patients would be sufficient to detect a significant difference
between the testing conditions using a paired Student t test (power 80%, level of significance of 0.5).

BP Fluctuation and Fluid Shift

BP was measured at the beginning and the end of dialysis and the difference between the two time
points was calculated (‘BP fluctuation’). The extracted ultrafiltration volume was taken from the dialysis
protocols (‘fluid shift’).

Statistical Analyses
The SPSS 21.0 software (www.spss.com) was used for all statistical analyses. Demographic and clinical
characteristics were obtained by means of descriptive statistics.

Identification of Optimal Test Setting

Of primary interest was the identification of the test setting that leads to optimal performance of
cognitive testing. In order to compare MoCA test scores of ‘before’ versus ‘after dialysis’, average scores of
MoCA test scores of all test conditions before dialysis and after dialysis were calculated. Mean scores of these
two time points were compared using the dependent t test for paired samples (variables were normally
distributed).

In order to compare MoCA test scores of ‘group room’ versus ‘separate room’, an average score of MoCA
test scores of all test conditions in the group room and in the separate room was calculated. Mean scores of
these two setting conditions were compared using the dependent t test for paired samples (variables were
normally distributed). To identify the condition with the best MoCA results, a dependent t test for paired
samples was carried out. p values were corrected for multiple comparisons (Bonferroni).

Factors Associated with the Variability of Cognitive Performance

Of secondary interest was the identification of additional factors that explained test score variability. To
investigate the potential effects of BP decline and fluid shift on cognitive performance, patients were divided
into 2 subgroups on the basis of the median of the variables: i.e. -6 mm Hg for the BP difference and -2.7 liters
for the fluid shift, respectively.

Then, average MoCA scores of the ‘after’ and ‘before dialysis’ conditions as well as MoCA differences
between ‘before’ and ‘after dialysis’ conditions were calculated. For the between-group comparisons, the
independent two-sample t test was used (variables normally distributed). As we obtained statistically signif-
icant between-group differences for the variable fluid shift, we carried out group comparisons of all MoCA
subscores accordingly (visuospatial/executive function, naming, memory, attention, language, abstraction
and orientation).

To explore a potential impact of the variable age on the mean MoCA total score, a Pearson correlation
was calculated. In a second step, the study population was divided into 2 subgroups using the median of 64
years. Mean MoCA total scores and mean MoCA differences between ‘before’ and ‘after dialysis’ conditions
were compared between both subgroups using an independent two-sample t test.

MoCA test scores were adjusted for education. To explore an effect of education, the patient sample was
divided into 2 subgroups. One group consisted of patients with more than 12 years of education, the other one
of those with 12 years or less. Mean MoCA total scores and mean differences between the testing conditions
‘after’ and ‘before dialysis’ were compared between the 2 subgroups using an independent two-sample t test.
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Table 1. Demographic and

clinical characteristics of the 26 Age, years 65.81+16.11 (28-87)
patients Sex, n (%)
Male 17 (65.4)
Female 9 (34.6)
Education >12 years/<12 years, n (%) 10 (38.5)/16 (61.5)
MoCA total score 23.88+3.21 (15-30)
MMSE score 27.27+1.85 (22-30)
Mean time on dialysis, months 45.08+37.88 (3-128)

Values represent mean * SD with the range in parentheses unless
otherwise indicated.

Table 2. Five different testing

o Testing conditions MoCA total score
conditions
Before dialysis, group room 23.27+2.99 (18-28)
Before dialysis, separate room 24.35+2.96 (18-29)
During dialysis 23.23+£3.36 (17-28)
After dialysis, group room 22.73+3.62 (14-29)
After dialysis, separate room 22.77+3.80 (15-29)
Values represent mean * SD with the range in parentheses.
Results
Patients

26 patients were included in the study. The demographic data and the clinical character-
istics of the sample are provided in table 1. The mean total score of the MoCA was 23.88 +
3.21 points, a score which was abnormal according to the proposed cutoff of <26 points [10].
The mean total score of the MMSE was 27.27 + 1.85 points, a score within the normal range
of >25 points.

Evaluation of Cognitive Function

In table 2, the MoCA total scores of the five different testing conditions are given. The
results of all the following setting analyses are shown in table 3. Firstly, the conditions
‘separate room’ against ‘group room’ were compared, resulting in no significant difference.
Secondly, the conditions ‘before’ versus ‘after dialysis’ were compared, showing a significant
difference with higher MoCA test scores ‘before dialysis’ (p = 0.013). Thirdly, the condition
‘before dialysis in a separate room’ revealed statistically significant (p < 0.001) higher MoCA
scores as compared to other testing conditions (the individual differences are depicted in
fig. 1).

Factors Associated with the Variability of Cognitive Performance

The between-group comparison of the mean MoCA scores of the less than -6 mm Hg
versus more than -6 mm Hg BP decline for the ‘before’ and ‘after dialysis’ condition and for
the difference of the testing results (‘after’ minus ‘before dialysis’) exhibited nonsignificant
results. Thus, the BP decline was not significantly associated with a decline of MoCA scores
after dialysis.

MoCA scores of the testing condition ‘before dialysis’ were significantly higher in the
subgroup with a low fluid shift (<2.7 liters) as compared to the subgroup with a high fluid
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Table 3. Analyses with regard to

time point and setting Testing conditions MoCA total score p value
(ttest)
Separate vs. 2417+3.1vs. 0.101
group room 23.69+2.64
Before vs. 24.42+2.62 vs. 0.013*
after dialysis 23.37+3.33
Before dialysis
Separate vs. 23.27+2.99 vs. 0.012%2
group room 24.35+2.95
Separate room vs. 24.96+2.84 vs. <0.001*2
other conditions 23.62+2.78

Values represent mean * SD. Statistically significant: * p < 0.05.
@ Statistically significant after Bonferroni correction of multiple
comparisons.
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Fig. 1. Difference between ‘before dialysis in a separate room’ and all other testing conditions for all 26 pa-
tients. y-axis = Number of patients; x-axis = testing conditions.
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Table 4. Subgroup analysis and fluid shift (MoCA total score)

Testing conditions Fluid shift 22.7 liters  Fluid shift <2.7 liters  p value (t test)
Before dialysis 23.15%2.13 25.58+2.59 0.017*

After dialysis 22.23+3.07 24.25+3.33 0.128

After dialysis - before dialysis (A) -0.92+2.05 -1.33+2.08 0.624

Values represent mean #* SD. Statistically significant: * p < 0.05.

shift (>2.7 liters). The results of these between-group comparisons were not significant for
the testing conditions ‘after dialysis’ and for the difference of the testing results ‘after’ and
‘before dialysis’. These results are given in table 4.

The group comparisons of the MoCA subscores between the ‘high’ versus the ‘low fluid
shift’ subgroups revealed differences in memory function and language. Memory function
differed significantly between the groups for the testing conditions ‘before’ and ‘after dialysis’
(p = 0.018 and p = 0.042, respectively). Language skills were significantly different at the
conditions ‘before dialysis’ (p = 0.004) and ‘after dialysis’ (p = 0.031). The analyses of the
other subtests did not reveal any statistically significant differences with regard to fluid shift.

There was no significant association between age and mean MoCA total score (p =0.267).
Neither MoCA total score nor MoCA differences were significantly different between patients
older than 64 years and the younger subgroup (p = 0.923 and p = 0.420, respectively).

Patients with an education level of more than 12 years did not differ significantly from
patients with 12 years or less of education on mean MoCA total score or MoCA differences
(p = 0.632 and p = 0.988, respectively).

Discussion

The aim of the current study was to assess the variability of cognitive test scores asso-
ciated with the time point and the setting of a dialysis treatment in order to establish a
standard of testing conditions suitable as a basis for future research in the field of cognitive
impairment in dialysis patients. For that purpose, we analyzed the variability of cognitive
performance during hemodialysis using the MoCA in 26 patients, who had been on dialysis
treatment for at least 3 months. Patients had an abnormal mean MoCA score of 23.88 + 3.21
points and scored within the normal range of the MMSE.

The main strength of our study is the evaluation of differences in cognitive performance
in hemodialysis patients according to the time point of testing and the surrounding condi-
tions, which has not been a topic of scientific research so far. Studies dealing with cognitive
function in hemodialysis patients did not focus on the test setting. In one study by Kurella et
al. [2], including 80 patients on hemodialysis treatment, cognitive assessment took place
during dialysis. Patients taking part in a study by Murray et al. [14] in 2007 were even tested
at different testing conditions (1 h before or after dialysis or on the day between two dialysis
sessions).

We could show that the test setting had a significant influence on the results of cognitive
testing. Testing the patient alone, before dialysis yielded the best cognitive performance.
Therefore, the testing situation, which should preferably be used for the evaluation of
cognitive function in hemodialysis patients, is before dialysis in a separate room. This result
is of major importance for the comparison of test results of different future studies. It is
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consistent with the findings of one study by Smith and Winslow [15] in 1990 that revealed
lower scores of the Number Connection Test during hemodialysis as compared to before in
29 hemodialysis patients.

The patients’ mean MoCA scores differed on average by 1.34 points corresponding to 5%
of the total score. The purpose of standardizing cognitive testing is to reduce the variability
in cognitive assessments primarily in research settings. Unfortunately, no data on a direct
correspondence between MoCA scores and scores or scales assessing activities of daily living
exist, but such data would be of great interest to better understand the clinical relevance of a
certain interval of MoCA.

The decline of cognitive performance after dialysis as compared to before could not be
attributed to the BP decline in our study. This resultis in line with several other studies, which
also could not find a relationship between BP and cognitive function in hemodialysis patients
[1,11,16,17].

In our cohort, the cognitive performance of patients with an average fluid shift >2.7 liters
differed significantly from those patients with a lower fluid shift. Interestingly, this difference
was already presentatthe assessmentbefore dialysis. We therefore assume that the difference
of cognitive test scores is more likely due to a long-term effect of large fluid shifts, rather than
to an acute state of confusion during dialysis. However, the underlying mechanisms still
remain rather unclear and thus should be an objective of future studies. Furthermore, longi-
tudinal assessment of hemodialysis patients is urgently warranted, as no studies have focused
on the development of cognitive impairment over time so far.

Analyzing the MoCA subtests between the low- and high-fluid shift group, significant
differences were obtained for the subtests ‘memory’ and ‘language’. This result is in
discrepancy with another study by Kurella Tamura et al. [11] that also included the ultrafil-
tration rate over the dialysis session as a potential determinant of cognitive performance. No
significant impact of hemodynamic changes neither on global cognition nor on executive
functions, measured by the 3MS and the Trail Making Test B, was shown. Different testing
conditions may be causative for this controversial result, as cognitive assessment was not
performed under standardized conditions.

There was no significant association between patients’ age and their cognitive perfor-
mance, despite the fact that age is considered the main risk factor for cognitive impairment
in the general population. This may be explained by the wide range of age of the patients in
our cohort. A higher education level, which is usually associated with greater brain reserve
and more resilience against cognitive impairment, was not associated with better cognitive
performance, but MoCA test scores are already adjusted for education.

The present study has one main limitation: the recruitment of patients might be biased.
Patients, who had already noticed cognitive impairment themselves, might have refrained
from participating in our study.

In conclusion, we found a significant influence of the test setting on cognitive perfor-
mance in hemodialysis patients. The highest MoCA scores were achieved before dialysis in a
separate room. Therefore, we strongly recommend this test setting as a standard for future
studies. In addition, the extent of fluid shift was significantly associated with cognitive perfor-
mance already in test settings before dialysis, which points to a long-term effect of large fluid
shifts. On the basis of our results, we propose to include cognitive assessment in the regular
screening examinations of dialysis patients, e.g. once before initiation of the treatment and at
a 3-month interval thereafter, in order to increase our knowledge of dialysis-associated
cognitive impairment.
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