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The effects of blood pressure and the
renin—angiotensin-aldosterone system on regional
cerebral blood flow and cognitive impairment in
dialysis patients

Shuzo Kobayashi, Yasuhiro Mochida, Kunihiro Ishioka, Machiko Oka, Kyouko Maesato, Hidekazu Moriya,
Sumi Hidaka and Takayasu Ohtake

Cognitive dysfunction is prevalent in chronic kidney disease patients. Little is known about the relationship between the
regional cerebral blood flow (rCBF) and cognitive function in hemodialysis (HD) patients. We used quantitative single-photon
emission-computed tomography (SPECT) to determine whether rCBF decreased in these patients. Fifty-four consecutive HD
patients who were able to visit the hospital unassisted and had no history of stroke underwent cognitive assessment based on
the Mini Mental State Examination (MMSE). Using quantitative image-analysis software, the SPECT imaging data were used
to compare rCBF in HD patients and age-matched healthy controls. Thirty-four patients (63%) had MMSE scores >28 (non-

dementia). Regarding the extent of decreased rCBF in HD patients compared with rCBF in normal control patients, SPECT
demonstrated significant rCBF decreases in all patients. rCBF in the perfusion area of the middle cerebral artery was
significantly more decreased than in other areas. Multiple logistic regression analysis demonstrated that the presence or
absence of a previous history of percutaneous coronary intervention, drug therapy with angiotensin Il receptor antagonists
and diastolic blood pressure (DBP) were independent risk factors for the extent of decreased rCBF. Regarding the severity of
decreased rCBF, stepwise multiple regression analysis indicated that HD duration and systolic blood pressure (mm Hg) were
chosen. In conclusion, rCBF decreased in all HD patients studied, irrespective of their clinical symptoms or MMSE scores.
Blood pressure was an independent risk factor affecting the extent of decreased rCBF.
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INTRODUCTION

It has been reported that silent brain infarcts have an increased risk of
dementia and a steeper decline in cognitive function.! We have
already reported that asymptomatic cerebral lacunar infarcts are more
prevalent in chronic kidney disease (CKD) patients.” It has been
demonstrated that CKD and lacunar infarcts are associated with
cognitive impairment.3 However, little is known about the
relationship between regional cerebral blood flow (rCBF) and
cognitive function.

Cognitive impairment is an important problem to solve because of
the staggering financial and social tolls on patients and their families.
It has long been recognized as a complication in dialysis patients.
Recent studies have indicated that cognitive impairment is present in
the early stages of CKD, and the prevalence is greater among patients
with lower eGFRs, independent of the traditional vascular risk factors
that may be explained by anemia.>® In addition, impaired kidney

function is associated with a more rapid rate of cognitive decline in
old age.” The prevalence of moderate-to-severe cognitive impairment
in hemodialysis (HD) patients is more than double that in the general
population; up to 70% of HD patients are 55 years old and older,
have moderate-to-severe cognitive impairment.® In peritoneal dialysis
patients, the same evidence has been demonstrated.’

It has been reported that cardiovascular risk factors promote brain
hypoperfusion, leading to cognitive decline and dementia,'” and high
blood pressure is associated with faster cognitive decline in mild
cognitive impairment (MCI).112 Therefore, in dialysis patients, it is
important to study cerebral blood flow and its associated factors.

Recently, several types of drugs acting as central cholinergic
stimulants'> have been reported to have a favorable effect on the
improvement of clinical symptoms and rCBE Better effects can be
obtained with earlier diagnoses.14 Therefore, it is important to
diagnose cognitive impairment pre-clinically at an early stage before
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the disease becomes clinically evident. Thus, MCI, regardless of
whether it is Alzheimer’s disease (AD) or non-Alzheimer’s
dementia, such as vascular dementia, garners much attention
because it may be possible to improve the cognitive impairment
with drug therapy. Indeed, it has been recently shown that Donepezil
improves cognitive dysfunction in patients with vascular dementia.®

Excellent progress in nuclear medicine has allowed the early
detection of abnormal cerebral blood flow changes. Various imaging
procedures and techniques, such as conventional magnetic resonance
imaging, neuroimaging using single-photon emission-computed
tomography (SPECT) and positron emission tomography, have been
used as objective diagnostic methods. In particular, advanced
statistical brain imaging analysis using SPECT three-dimensional
stereotactic surface projections (3D-SSPs) can demonstrate regional
brain hypoperfusion.'® With this technique, it is possible to quantify
rCBF (ml per 100 gmin ~!) in every gyrus. Because of limitations in
the ability to quantitatively assess the extent of lesions, Mizumura
et al. developed the stereotactic extraction estimation (SEE) method,
which can identify orientation and increased reduction by classifying
stereotactic brain coordinates according to the anatomic structure.!”

Using these modern tools, we assessed whether HD patients
without previous histories of stroke or clinically evident dementia
have reduced rCBE

METHODS

Patients

Sixty-one consecutive HD patients in our hospital provided informed consent
to undergo SPECT and were included in the present study. Seven of the sixty-
one patients were excluded because they had previous histories of stroke. All
patients could walk and visit our hospital unassisted and were independent of
the caregivers in terms of their activities of daily living. The underlying causes
of CKD in the 54 patients who were included in the study were glomerulone-
phritis (n=24), diabetes mellitus (n=19) and others or unknown (n=11).
All patients had undergone HD for at least 3 months, and the mean duration
of HD was 112 months. The study was performed in compliance with the
Declaration of Helsinki.

Cognitive assessment

The cognitive assessment was based on the Mini Mental State Examination
(MMSE).!® As the standard MMSE cut score of 24 has been widely used, we
diagnosed cognitive impairment if the MMSE score was < 24.!° Moreover, as a
cutoff score of 27 was proposed for MCI, we diagnosed MCI if the MMSE
score was between 25 and 27.2 We considered an MMSE score >28 to
indicate non-dementia.

123IMP brain SPECT studies

We collected SPECT data (continuous mode, 36 views, 3551 ! view) for
approximately 30min after the intravenously injecting the subjects with
185MBq (5mCi) '2I-IMP (iodoamphetamine); the subjects were at rest in
the supine position with their eyes closed. The matrix size was 64 x 64, and the
collection window was 159keV at 20%. For pre-filter and absorption
correction, the Ramp-Butterworth filter (order 5, cutoff 0.26) and the Radial
post-correction methods were used, and images were reconstructed using the
back-projection method. The image voxel size was 2 x 2 x 5 mm?>. The SPECT
system used had a ring-type gamma camera (dual-head rotating gamma
camera, E.CAM, Siemens Medical Solutions, New York, NY, USA) with a low-
energy high-resolution collimator permitting a spatial resolution of 6.62 mm,
full width at half maximum. Imaging began 15min after an intravenous
injection of 185 MBq.

Data analysis
The data obtained from the 'I-IMP SPECT images were analyzed with
Neurostat/3D-SSP image-analysis software (iSSP version 3.5, Mediphysics,
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Tokyo, Japan),'®2! which was developed by Minoshima et al. The data were
normalized to the mean global activity. We then applied the analysis software
SEE developed by Mizumura et al.!” We divided the whole brain into segments
according to the SEE methods (arterial blood supply level classification, lobe
level classification and gyrus level classification) using the Talairach brain
atlas.?? The arterial blood supply level corresponds to the anterior, middle and
posterior cerebral arteries (ACA, MCA and PCA, respectively).

Table 1 Basic characteristic of 54 patients who were studied

Male/female 33/21
Age (years) 67.8+11.3
HD duration (months) 112+11.3
Smoker 18

DM 19

PCI 9
CABG 0

VD3 39
ARB 33
SBP mm Hg 142+18
DBP mm Hg 75+13
MMSE 28 (9~30)

Abbreviations: ARB, angiotensin Il receptor antagonist; DBP, diastolic blood pressure; DM,
diabetes mellitus; HD, hemodialysis; MMSE, Mini Mental State Examination; PCI,
percutaneous coronary intervention; SBP, systolic blood pressure; VD3, 1,25 (OH)2 vitamin D3.
MMSE is shown in median (minimum-maximum).
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Figure 1 The maximum extent of decreased regional cerebral blood flow
(rCBF) by Z-score of >2 in each patient is ranked. The extent is expressed
as the rate of the total coordinates with a significantly reduced Z-score in
the vascular territory areas (anterior, middle and posterior cerebral arteries;
extent). A Z-score >2 was defined as decreased rCBF, which corresponds to
a decrease of >2 s.d. of the average values compared with the reference
values.

i
54

Table 2 Maximum vascular territory ratio (%) in the decreased rCBF
of the ACA, MCA and PCA perfusion areas

Left ACA Right ACA Left MCA Right MCA Left PCA Right PCA

Mean 9.0 9.1 12.0 12.0 6.0 7.3
s.d. 8.4 7.9 6.9 7.1 9.1 10.9
Median 5.2 8.0 12.0 11.3 2.0 3.2
Minimum 0.3 0.0 0.2 1.3 0.0 0.0
Maximum  31.5 36.4 41.3 27.7 45.0 51.7

Abbreviations: ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior
cerebral artery; rCBF, regional cerebral blood flow.

The left and right MCA territory areas showed significant decreases in rCBF, compared with that
in the ACA and PCA territory areas by analysis of variance (Tukey’s honestly significant
difference).

637

Hypertension Research



Cerebral blood flow in dialysis patients
S Kobayashi et al

638

We prepared a reference table in which the obtained brain coordinates
corresponded to anatomical information, and we obtained the Z-score, which
corresponds to the standard deviation (s.d.) of the average values obtained
from healthy volunteers aged between 52 and 78 years old (M/F=10:19,
64.2 8.2, MMSE >28)2% and to the association between the coordinates in the
prepared reference table and the case coordinates. We then calculated the total
coordinate data with a Z-score set as a significant finding. Extent was defined
as the percentage of the area in which rCBF decreased by more than two s.d. of
the normal references in the respective segments, and severity was defined as
the values of the s.d. themselves (Z-score). A Z-score >2 was defined as
decreased rCBE. We prepared a table by combining the indices according to
segments and anatomical classification, and we assessed any significant
decreases in accumulation (SEE method).

Statistical analysis

The continuous variables were expressed as the means*s.d. and were
compared using analysis of variance followed by Tukey’s honestly significant
difference test. We evaluated the distribution of the MMSE scores. Using SEE
methods, we studied two parameters: the severity and extent of rCBE
Univariate or multivariate logistic analyses were performed between the
territory ratio in each blood supply area showing decreased rCBF with a
Z-score >2 and various parameters, including age, HD duration, various types
of drug usage (anti-hypertensive medication, vitamin D3), smoking habit,
history of percutaneous coronary intervention (PCI), blood pressure, MMSE
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score, hemoglobin level, as well as the serum levels of high sensitive CRP
(hsCRP), albumin, blood urea nitrogen and 2-microglobulin.

To perform the logistic analysis, decreased rCBF was defined as the presence
or absence of more than the 75th percentile in the territory area (ACA, MCA
and PCA) when the percentage of the territory area showing decreased rCBF
with a Z-score >2 was ranked for all patients. Decreased rCBF was used as a
dependent variable. Regarding severity, using the extent of the s.d. decrease in
the gyrus level classification, univariate regression analysis was performed to
show the associated factors. Then, to obtain an equation to predict the
maximum severity in decreased rCBE, stepwise multiple regression analysis was
performed. A P-value >0.05 was considered statistically significant.

RESULTS

Subject characteristics

The mean age and HD duration were 67.8 £ 11.3 years and 112+ 132
months (median 80, 3~845 months), respectively (Table 1). The
study cohort included 19 patients with diabetes mellitus and 9
patients with a history of PCI. The mean SBP and DBP (mm Hg)
were 142+18 and 751 13, respectively. Angiotensin II receptor
antagonists (12 valsartan, 8 telmisartan, 3 losartan and 16 olmesartan)
were used in 39 patients, and vitamin D; was used in 33 patients. All
patients underwent HD treatments three times weekly, 12 h per week.
The Kt/V urea was 1.38%0.16. Either a polysulfone (n=16) or a
triacetate membrane (n = 28) was used for dialysis.
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Figure 2 Representative changes in regional cerebral blood flow (rCBF) are shown based on the Talairach brain atlas.!® The Zscore is shown
in the right column from blue to red in order of decreasing rCBF. (a) The summation pattern of rCBF obtained from patients (non-dementia)
with  Mini Mental State Examination (MMSE) scores >28 is shown. (b) The summation pattern of rCBF obtained from patients
(mild cognitive impairment) with MMSE scores ranging from 25 to 27 is shown. (c) The summation pattern of rCBF obtained from
patients (dementia) with MMSE scores <24 is shown. The frontal lobe, temporoparietal lobe and cingulate gyrus show decreased rCBF. GLB, averaged
global activity. A full color version of this figure is available at the Hypertension Research journal online.
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MMSE

The mean MMSE score was 28 (minimum/maximum, 9/30). A total
of 34 patients (63%) had MMSE scores >28 (non-dementia), and 13
patients (24%) had MMSE scores of 25-27, which corresponded to
MCI. Seven patients (13%) had MMSE scores <24.

SPECT

For each patient, the maximum percentage area of decreased rCBF in
the territory of three (ACA, MCA and PCA) artery perfusion areas is
shown in Figure 1. Regarding the extent of the decreased rCBF (>2
s.d.), all patients showed significant decreases in rCBF (Figure 1),
irrespective of MMSE scores. rCBF in the perfusion area of the middle
cerebral artery was significantly decreased compared with other areas,
as shown in Table 2. The total rCBF reduction pattern (>2 of the
Z-score) of all patients is shown in Figure 2. The figures are based on
the representative summation patterns of normal (Figure 2a) patients
with MCI (Figure 2b) and dementia (Figure 2c¢), respectively. The
frontal lobe, temporoparietal lobe and cingulate gyrus more clearly
show decreased rCBE. rCBF is expressed as ml per 100 gmin~! in
each area (Figure 3). rCBF decreased in the cingulate and para-
hippocampus gyrus. As shown in Table 3, when the presence of
decreased rCBF was defined as a dependent variable, the usage of
angiotensin II receptor antagonist (r= —0.308, P=0.023), DBP
(r=0.281, P=0.039) and history of PCI (r=0.302, P=0.026) were
significantly associated with decreased rCBE. When a 75th-percentile
decrease in rCBF of the vascular territory ratio (ACA, MCA and PCA)
was defined as the presence of decreased rCBE multivariate logistic
analysis (including variables with P values <0.20) showed that the use
of angiotensin II receptor antagonist (odds ratio, 0.183; 95%
confidence interval, 0.039-0.849), DBP (odds ratio, 1.060; 95%
confidence interval, 1.000-1.123) and history of PCI (odds ratio,
9.911; 95% confidence interval, 1.491-65.867) were independent risk
factors for the extent of the decreased rCBF (Table 4).

70

Cerebral blood flow in dialysis patients
S Kobayashi et al

When we studied the correlation between MMSE and decreased
rCBF as a ‘percentage vs extent’ ratio, rCBF in the cingulate gyrus and
frontal lobe had a significant negative correlation with MMSE scores,
as shown in Table 5. However, irrespective of the MMSE scores, all
patients again showed a significant decrease in the severity of rCBF,
with a Z-score >2, thus 3.54+0.81 (median, 3.32; minimum-—
maximum, 2.60-6.57). Moreover, there were positive correlations
with age, HD duration, SBP, DBP and serum C-reactive protein and
B2-microglobulin levels, as shown in Table 6. Stepwise multiple
regression analysis revealed that HD duration (months) and SBP
(mmHg) were independent contribution factors as determinants of
the maximum severity of the decreased rCBE as follows: maximum
severity of decreased rCBF=0.002 x HD duration (months) + 0.016
SBP (mm Hg) + 0.221 (R=0.501, R>=0.224, P = 0.0003).

DISCUSSION

We demonstrated that all HD patients studied in the present study
had a significantly decreased rCBE. Even if the patients appeared to
have normal cognitive function, they had decreased rCBE which is an
important clinical issue because clinically evident dementia may
develop in the future. At present, the precise meaning of these results
is still unknown. However, the results might suggest the findings that
CKD patients have more prevalent ischemic brain infarcts irrespective
of symptoms and the risk of dementia (1, 2, 3).

Concerning the MMSE score, 63% of HD patients had normal
MMSE scores and 24% of the patients had MCI. Patients with clearly
decreased MMSE scores <24 (13% of all patients) must be carefully
followed because there is the possibility that they may develop
dementia.

In the present study, most of the patients had normal cognitive
function. In AD patients, it is known that energy metabolism is
reduced in the posterior cingulate cortex, although the cause of the
abnormal energy metabolism in the posterior cingulate circuit and its
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Figure 3 Regional cerebral blood flow (rCBF) in each area is shown as ml per 100 gmin 1. ACING, anterior cingulate cortex; CBL, cerebellar hemisphere; FRT,
frontal association cortex; GLB, averaged global activity; MFRT, medial frontal cortex; MPRT, medial parietal cortex; OCT, occipital association cortex; PARH,
para-hippocampus gyrus; PCING, posterior cingulate cortex; PNS, Pons; PRT, parietal association cortex; THL, thalamus; TMP, temporal association cortex.
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Table 3 Univariate associations with the extent of decreased rCBF in
the vascular territory (ACA, MCA, PCA) ratio

Table 5 Correlations between MMSE and rCBF in each territory
expressed as % extent ratio are shown

r P-value Mean MIN MAX  s.d. Median r P-value
Age 0.096 0.491 MMSE 27.2 9 30 3.7 28
Sex 0.046 0.726 Precuneus L 57 0 48.1 10.3 0.0075 -0.215 NS
HD duration -0.088 0.5625 Precuneus R 109 O 54.3 159 0.024 0.008 NS
VD3 0.064 0.547 Cingulate gyrus L 102 O 484 119 0.062 -0.23 NS
ARB -0.308 0.023 Cingulate gyrus R 114 O 54.7 12.1 0.089 -0.282 <0.05
Smoker 0.030 0.830 Anterior cingulate L 5 0 45 109 0.003 -0.145 NS
DM 0.184 0.184 Anterior cingulate R 49 0 37.8 10 0.0085 -0.154 NS
PCI 0.302 0.026 Posterior cingulat L 73 0 50.9 11.4 0.025 -0.149 NS
MMSE -0.234 0.089 Posterior cingulat R 92 O 53.6 13.9 0.009 —0.155 NS
SBP 0.179 0.216 Frontal lobe_L 11.4 04 345 9 0.089 -0.288 <0.05
DBP 0.281 0.039 Frontal lobe_R 11.3 0 386 86 86 -0.352 <0.05
Hb -0.064 0.647 Temporal lobe_L 7.7 0O 246 6.8 0.054 0.104 NS
BUN —0.094 0.501 Temporal lobe_R 7.1 0 229 52 0.0675 0.103 NS
Cr -0.133 0.338 Abbreviations: MAX, maximum; MIN, minimum; MMSE, Mini Mental State Examination; NS,
CRP 0.131 0.344 not significant; rCBF, regional cerebral blood flow.
0169 D221 I ICEF s g ar el ke et corts i WSS Exet ot
B2MG 0.079 0.571 references in the respective segments. Figures except MMSE are shown as % of area in each

Abbreviations: B2MG, B2 microglobulin; ACA, anterior cerebral artery; ARB, angiotensin |1
receptor antagonist; BUN, blood urea nitrogen; Cr, creatinine; CRP, C-reactive protein; DBP,
diastolic blood pressure; DM, diabetes mellitus; Hb, hemoglobin; HD, hemodialysis; MCA,
middle cerebral artery; PCA, posterior cerebral artery; MMSE, Mini Mental State Examination;
PCI, percutaneous coronary intervention; rCBF, regional cerebral blood flow; SBP, systolic blood
pressure; VD3, 1,25 (OH)2 vitamin D3.

Table 4 Multiple logistic regression analysis when a 75th-percentile
decrease in the rCBF of the vascular territory ratio (ACA, MCA and

PCA) was defined as the presence of decreased rCBF, showed usage
of a RAS inhibitor and the presence of a previous history of PCI as
independent factors contributing to the extent of decreased rCBF

B P-value Exp (B) 95% ClI lower-upper
ARB -1.698 0.030 0.183 0.039-0.849
PCI 2.294 0.018 9.911 1.491-65.867
DBP 0.058 0.048 1.060 1.000-1.123

Abbreviations: ARB, angiotensin Il receptor antagonist; ACA, MCA, PCA, anterior, middle, and
posterior cerebral artery, respectively; Cl, confidence interval; DBP, diastolic blood pressure;
PCI, percutaneous coronary intervention; rCBF, regional cerebral blood flow.

functional significance in cognitive dysfunctions in AD require further
investigation.? It is also known that temporoparietal hypoperfusion,
including the posterior cingulate on SPECT brain imaging, is useful
for diagnosing AD.2> The present study of HD patients demonstrated
that decreased rCBF is found not only in these areas but also in other
areas. Indeed, rCBF in the MCA territory area was significantly
decreased compared with that in the ACA and PCA territory areas.
The fact that asymptomatic lacunae infarction is more prevalent in
CKD, as we have already reported,> may explain this finding. Small
vessel disease found in CKD is an abnormality of the penetrating
arteries that branch from the MCA in white matter.?

Associated factors related to decreased rCBF are the presence or
absence of a previous history of PCI and angiotensin II receptor
antagonist medication. In an animal study, it was shown that
angiotensin II type 2 receptor stimulation has a protective effect on
ischemic brain lesions, at least partly through the modulation of
cerebral blood flow.26 Moreover, it has been reported that the renin-
angiotensin system has a pivotal role in cognitive impairment, and the
renin-angiotensin system blockade is a notable strategy for preventing
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territory.

Table 6 All patients, irrespective of MMSE score, showed a
significant decrease in rCBF and severity was a Z-score of more than
2, namely, 3.54 + 0.81, (median: 3.32, min-max: 2.60-6.57)

r P-value Lower 95% Cl-upper 95% CI
Age 0.324 0.012 0.006-0.045
HD duration 0.334 0.008 0.001-0.004
VD3 NS
ARB NS
SBP 0.411 0.001 0.008-0.029
DBP 0.38 0.003 0.009-0.044
PCI NS
CLI NS
DM NS
Hb NS
BUN NS
CRP 0.28 0.025 0.075-1.124
Alb NS
B2MG 0.277 0.033 0.005-0.111
MMSE NS

Abbreviations: Alb, albumin; p2MG, B2 microglobulin; ARB, angiotensin Il receptor antagonist;
BUN, blood urea nitrogen; Cl, confidence interval; CLI, critical limb ischemia; Cr, creatinine;
CRP, C-reactive protein; DBP, diastolic blood pressure; Hb, hemoglobin; DM, diabetes mellitus;
HD, hemodialysis; max, maximum; mini, minimum; MMSE, Mini Mental State Examination;
NS, not significant; PCI, percutaneous coronary intervention; rCBF, regional cerebral blood flow;
SBP, systolic blood pressure; VD3, 1,25 (OH)2 vitamin D3.

There were positive correlations between a decrease in the severity of rCBF with a Z-score of
more than 2 and age, HD duration, SBP, DBP, serum levels of CRP and p2MG.

cognitive impairment.?” These reports may suggest that the decreased
rCBF found in HD patients may be caused by vascular abnormalities
leading to vascular dementia. However, we may not be able to
discriminate between these two types of dementia (that is, vascular
dementia or AD).

Finally, regarding the pathophysiology, it is evident that numerous
factors are involved in the decreased rCBE including traditional
(diabetes mellitus, hypertension, etc.) and non-traditional risk fac-
tors,2® such as oxidative stress, thrombogenic factors, anemia,
abnormal Ca/P metabolism, extracellular fluid overload, sleep apnea



syndrome, inflammation (C-reactive protein), malnutrition and NO/
endothelin imbalance. It has also been reported that increased
viscosity and biochemical changes, such as urea reduction and
blood alkalization, may have a role.? Indeed, we also reported that
the changes in blood viscosity and monocyte-platelet aggregates are
closely associated with atherosclerosis in HD patients.® During one
session of HD treatment, rCBF decreased by 7 + 2.6%, although the
exact associated factors have not been reported.?’ Hirakata et al’!
report that, based on positron emission tomography, oxygen
metabolism decreases in relation with anemia, and vasodilatory
capacity in brain vessels is limited.’> Kanai et al>® have already
reported important evidence. In their study, the hemispheric rCBF in
the HD patients did not differ from the controls, but oxygen
metabolism was depressed in the CKD patients before the dialysis
treatment. Likewise, the fact that rCBF was inversely correlated with
HD duration became evident. In their report, anemia, per se, might
not be a major cause for impaired brain metabolism. Unfortunately,
in our study a clear role for anemia could not be determined. Kanai
et al. also reported that dialysis-related hypotension has a role in
progressive frontal lobe atrophy in HD patients.>* Considering that
blood pressure was chosen as an independent association factor for
decreased rCBE hypertension management might also be important.
Variability in blood pressure in HD patients caused by the
fluctuations of body fluids®® might contribute to decreased rCBE
However, we do not exclude an important contribution of
hypotension in reduced brain perfusion and cognitive function.’

The present study has limitations. First, the small number of patients
studied prevents definite conclusions. Further studies are clearly
required to investigate the relationship between decreased rCBF and
cognitive impairment. We must conduct a prospective cohort study.
Therefore, the precise meaning of decreased rCBF remains unknown.
Intradialytic hypotension, which could have a role in decreasing rCBE
cannot be investigated. However, our study is novel because it used
SPECT for a quantitative comparison with age-matched non-dialysis
healthy volunteers. We believe that the present study provides
important information regarding whether medication can suppress
the development of evident dementia or at least increase rCBE

CONCLUSION

The results of the present study clearly show that rCBF was decreased
in all the dialysis patients irrespective of the clinical symptoms or
MMSE score. The relationship between decreased rCBF and cognitive
impairment remains unknown. However, blood pressure control and
the renin-angiotensin system appear to have important roles in
decreasing rCBE.
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