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Abstract

Background and Objectives: Changes in cerebral blood
flow may play an important role in cognitive impairment
among hemodialysis (HD) patients. Physical activity has a
promising role in delaying cognitive impairment in general
population, but there are only a few studies in HD to confirm
this finding. We aimed to evaluate the effects of intradialytic
aerobic training on cerebral blood flow and cognitive im-
pairment in HD. Design, Setting, Participants, and Mea-
surements: This is a pilot, controlled, randomized trial. Fif-
teen patients underwent intradialytic aerobic training 3
times a week for 4 months. The control group was comprised
of another 15 patients. Results: Trained patients had a statis-
tically significantimprovement of cognitive impairment and
basilar maximum blood flow velocity. The proportion of ar-

teries with increased flow velocity was statistically signifi-
cant between groups. Conclusions: Intradialytic aerobic
training improves cognitive impairment and cerebral blood
flow of patientsin HD, suggesting a possible mechanism im-
proving cognitive impairment by physical training in HD.
These data still need to be confirmed by major trials.

© 2018 S. Karger AG, Basel

Introduction

Chronic kidney disease (CKD) is an independent risk
factor for cognitive impairment (CI) [1-4]. The prevalence
of this condition among hemodialysis (HD) patients is up
to 60% [2, 5]. Mechanisms involved in the etiology of Cl in
CKD are not completely understood. Uremic toxins may
play a role. However, CI persistence, despite adequate di-
alysis, indicates that other factors contribute to brain dys-
function. Cerebrovascular disease is a major risk factor for
CI both among the general population and CKD patients
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[6-8]. Considering the high prevalence of cardiovascular
and cerebrovascular disease in CKD, CI in these patients
may be mediated by impaired microcirculation [9-13].

CKD patients present high rates of physical inactivity
[14] and low aerobic capacity [15, 16]. Furthermore, phys-
ical activity (PA) is reputable as a new therapeutic strategy
to CI. There is an association between PA high levels and
higher cognitive ability [17]. In healthy adults, there is an
association between high cerebral blood flow and aerobic
exercise [18]. Aerobic exercise induces an increase in cere-
bral blood flow in stroke animals and patients [13, 19, 20].

Studies have shown the importance of lifestyle modi-
fication as an intradialytic PA program and as an adju-
vant in CKD treatment [21]. There are several studies
evaluating PA in CKD; others reporting CI observed in
these patients. However, there are no studies evaluating
the relationship of those important variables with cere-
bral hemodynamics. Therefore, we investigated the ef-
fects of intradialytic aerobic training on cerebral blood
flow and cognitive function in HD patients.

Materials and Methods

This was a pilot, randomized, controlled trial with physiotherapy
intervention and intention-to-treat analysis. The intervention group
(IG) was submitted to intradialytic aerobic exercise 3 times a week
for 4 months. The control group (CG) was managed with usual care.
Patients underwent treadmill test, evaluation of cerebral blood flow,
and cognitive function test at random and after 4 months. Baseline
assessments were performed within 2 weeks prior to the training pro-
tocol initiation, and post-intervention assessments were performed
no later than 2 weeks after the protocol ending. All the assessments
were performed on non-dialysis days. Patients’ randomization was
performed using SAS for Windows version 9.3 using PLAN proce-
dure for a completely randomized design for 2 groups of 20 patients
each. This study was performed from June 2012 to December 2014.

CKD patients from a single center, regardless of etiology, on
maintenance HD for at least 3 months, older than 18 years, stable
medication and no contraindications to perform PA were enrolled
in this study.

Exclusion criteria were previous coronary artery disease diag-
nosis, previous positive stress test for cardiac ischemia, patients
classified as active or very active, patient who had experienced
stroke, acute or chronic infection in activity, stage II hypertension
(2160 mm Hg systolic or 2100 mm Hg diastolic), and previous
diagnosis of neoplasia, dementia, delirium, or presence of depres-
sion and medications for cognitive function use.

Initial Assessment

Patients underwent standardized clinical evaluation based on
the following parameters: age, gender, education level, CKD etiol-
ogy, race, HD vintage, presence of diabetes mellitus, smoking sta-
tus, and body mass index. All data were recorded on an individual
assessment form.
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Physical Activity Level

International Physical Activity Questionnaire was used to mea-
sure PA level. Individuals were classified as very active, active, ir-
regularly active, or sedentary [22, 23].

Cognitive Function

The instrument used for CI screening was the Mini Men-
tal State Examination (MMSE). It is divided into questions
assessing specific cognitive functions: temporal and space ori-
entation, immediate memory, calculation, words recall, lan-
guage, and visual construction, with a score ranging from 0 to
30 [24-26].

Transcranial Doppler

The equipment used was portable 2 MHz transducers Doppler
Box (DWL Electronic Systems, Germany), pulsed, gains ranging
from 31 to 44 MHz, sample volume 8-12, color M-mode and au-
dio record in all exams, 200 Gates per channel. This examination
allows dynamic assessment of the major intracranial arteries
blood circulation with 2 MHz transducer. The transducer was set
in the temporal bone above the zygomatic arch, and the middle
cerebral artery (MCA) M1 portion was evaluated at a depth and
direction determined by the Circle Willis map. Breath Holding
Index (BHI) was collected at the MCA insonation time and the
average velocity after 4 s of continuous signal at the screen was
registered. This record is the resting average velocity (RAV). After
this, the patient was oriented about apnea. The average velocity at
the time before the end of the apnea period (apnea average veloc-
ity - AAV) and total apnea time (TAT) were registered. Then, the
patient was requested to induce hyperventilation for 2 minutes,
breathing in deeply and frequently. At the end of this time, aver-
age velocity was registered (average velocity - in hyperventila-
tion — AVH). If there was carotid stenosis, the test was performed
bilaterally. If not, the test was performed in the side with the best
acoustic window. With these values, BHI was estimated using the
following formula: BHI: ([(AAV - AVH)/RAV]/TAT) x 100. The
result was expressed in % seconds, and the normal value was 1.2 +
0.6% s. BHI <0.69% seconds is classified as impaired cerebral va-
soreactivity [27, 28]. This test also allows indirect evaluation in-
tracranial resistance to blood flow by pulsatility index (PI), which
is estimated by the following formula: PI = PSFR - FDFR/PSFR.
PSER corresponds to the peak systolic flow rate and FDFR corre-
sponds to final diastolic flow rate. PI normal values are between
0.6 and 1.0 [28]. The neurologists, who conducted transcranial
Doppler (TCD), were blind to patient’s allocation in intervention
or CG. They did not take part in exercise training during HD ses-
sions.

Exercise Test

Exercise test ET was carried out on the basis of Brazilian So-
ciety of Cardiology guidelines. The test was performed on a
treadmill with electrocardiographic, blood pressure (BP), and
subjective feeling of tiredness monitoring. Bruce protocol was
used for all evaluations, which comprises progressive increases of
treadmill speed and inclination every 3 min. All patients were
instructed to use their medication as usual. ET was stopped in
cases of BP and heart rate (HR) atypical changes, chest discom-
fort clinical manifestations, disproportional dyspnea according
to the efforts intensity, and significant changes in electrocardio-
gram [29].
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Table 1. Comparison of demographic and clinical baseline data of the intervention group and the control

group (n = 30)

Characteristic IG (n=15) CG (n=15) p value
Gender, male, n (%) 7 (46.6) 8 (53.3) 0.72
Age, years 50.3+17.24 57.8+15.01 0.09
Schooling, years 5.7+3.58 4.7+3.98 0.43
Smoking, n (%) 5(33.3) 3 (20.0) 0.43
Hemodialysis vintage, months 26.0+14.58 21.1+27.10 0.32
Diabetes, 1 (%) 3 (20.0) 6 (40.0) 0.16
Arterial hypertension, n (%) 13 (86.6) 12 (80.0) 0.94
BM], kg/cm? 25.745.64 26.6+4.60 0.55
Antihypertensive medication, 7 (%)

Diuretics 5(33.3) 6 (40) 0.70

Calcium channel blockers 4(26.6) 8 (53.3) 0.13

Beta blockers 9 (60) 10 (66.6) 0.70

ACE inhibitors or ARBs 10 (66.6) 9 (60) 0.71

Sympatholytic 2(13.3) 4 (26.6) 0.36

Vasodilators 0(0) 1(6.6) 0.31
Etiology of CKD, n (%)

Hypertension 6 (40.0) 5(33.3)

Diabetic nephropathy 3 (20.0) 5(33.3) 0.34

Glomerular diseases 4(26.6) 4 (26.6)

Other causes 2(13.4) 1(6.6)

Data are expressed as mean * SD or , 1 (%).
GI, intervention group; GC, control group; BMI, body mass index; ACE, angiotensin-converting enzymes;
ARB, angiotensin II receptor blockers; CKD, chronic kidney disease.

Physical Training Program

Only IG was subjected to physical training program, which was
performed during the first 2 h of HD sessions, 3 times a week. The
protocol lasted for 4 months. PA was composed by global stretching
and aerobic training in cycle ergometer (Foot Hand Bike Brand -
Polimet®) adapted to hospital situation. Aerobic training was per-
formed for at least 30 min with training range 65-75% of maximum
HR, controlled by Polar heart monitor FS3C®. HR target was deter-
mined by ET. Aerobic training time has been increased progres-
sively, as the patient evolution, until it reaches 45 min.

Data Analysis

Sample Size Calculation

To detect a difference of 10 cm/s in MCA flow, estimating an
SD of the difference of 15 cm/s and an alpha error 0.05 and beta
error 0.10, the estimated sample size was 20 patients in IG and as
many in CG. Thus, the calculation of total sample size was 40 pa-
tients.

Statistical Analysis

For comparisons between groups, times, and interactions be-
tween groups and moments, 2-way analysis of variance for repeat-
ed measures was used followed by Tukey test for data with normal
distribution. For data with asymmetric distribution, the same de-
sign was used by setting a generalized linear model with gamma
distribution followed by multiple comparison test of Wald. Pois-
son regression was performed to test the proportion of vessels of

Intradialytic Aerobic Training in Cerebral
Blood Flow and Cognitive Function in CKD

improving in cerebral blood flow. Statistical significance was set at
p < 0.05. Data were presented as mean + SD. Statistical programs
used for analysis were SigmaStat for Windows version 3.5 (Systat
Software Inc., CA, USA) and Statistical Analysis System (version
9.3).

Results

During the period of the research, 184 patients were on
maintenance HD in the institution. Of these, 101 patients
met some exclusion criteria and 48 patients had no inter-
est in participating in the study. So, 35 patients were ran-
domized into 2 groups, 17 subjects in IG and 18 subjects
in CG. Two patients in IG were excluded before the end
of the study because of kidney transplantation. In CG, 3
patients were excluded before the end of the study due to:
kidney transplantation, bowel cancer, and consent re-
moval. All these events occurred during the period be-
tween the first and second evaluation. Three patients in
IG (20%) and 2 patients in CG (13.3%) did not undergo
TCD because they had an unfavorable acoustic window
for the exam.
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Fig. 1. The cognitive function of the control group (CG) and inter-
vention group (IG) at different moments (n = 30).

Baseline demographic and clinical data were homoge-
neous between the 2 groups and did not change in the
evaluation post intervention (Table 1). The variables in-
terdialytic weight gain (IG: 2.9 + 0.89 kg at baseline and
2.9 £ 0.78 kg at the ending/CG: 2.7 + 0.88 kg at baseline
and 2.7 + 0.85 kg at the ending) and ultrafiltration volume
(IG:3.0+0.75 Lat baseline and 3.0 + 0.79 L at the ending/
CG:2.6+0.95 L atbaselineand 2.6 + 0.82 L at the ending)
did not present statistically significant differences be-
tween groups, moments, and interaction among groups
and moments. It is important to emphasize that the anti-
hypertensive medication was not modified during the
study.

According to the International Physical Activity Ques-
tionnaire, the PA level of 8 patients in IG was classified as
irregularly active (53.4%) and 7 patients were considered
sedentary (46.6%). In CG, 6 patients were classified as ir-
regularly active (40%) and 9 patients were sedentary
(60%). There was no statistical difference between the
groups (p = 0.35).

The groups were homogeneous at baseline regard-
ing cognitive function, (p = 0.43). After the intervention,
there was a significant improvement in IG. IG MMSE
initial average was 24.0 + 3.00 points and 26.4 + 2.92 at
the end. CG average was 22.4 + 4.98 points initially and
23.0 + 5.09 at the end. Thus, there was an improvement
in cognitive function, with a difference between times in
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IG (p < 0.001) and interaction between groups and time
(p=0.001). Figure 1 shows IG and CG changes in cogni-
tive function at different times.

Cerebral blood flow was homogeneous between the
groups at baseline regarding maximum and average
blood flow velocity of all cerebral arteries evaluated bi-
laterally (MCA, anterior cerebral artery, posterior cere-
bral artery, vertebral artery); the basilar artery was also
evaluated. PI and cerebral vasomotor reactivity test,
which are represented by BHI, were also homogeneous
at baseline. Basilar artery maximum blood flow velocity
was different between groups (p = 0.025) and there is
an interaction between groups and moments (p =
0.029). IG had an increase in basilar artery maximum
blood flow velocity from 62.4 + 17.93 to 81.2 + 21.37
cm/s after intervention, while there was a decrease from
66.0 = 21.67 to 51.5 + 17.60 cm/s in CG. Comparison
between IG and CG before and after the physical train-
ing program regarding cerebral blood flow is shown in
Table 2.

We obtained numerical improvements in 9 areas as-
sessed in cerebral hemodynamics in IG after physical
training protocol. There was a numerical increase of
maximum and average blood flow velocity of all as-
sessed arteries in IG, except average right posterior ce-
rebral artery flow velocity. However in CG, there was
numerical improve only in 4 arteries and numerical de-
crease of maximum and average blood flow velocity of
the other 5 evaluated cerebral arteries. The proportion
of arteries in which there was a maximum and average
cerebral blood flow velocity increase had a statistically
significant difference between groups (p = 0.002 and
p = 0.038 respectively), as shown in Figures 2 and 3. In
Figure 2, each point represents the mean maximum
velocity of each assessed artery. In Figure 3, each point
represents the mean of average velocity of each artery
that was assessed. Figures 2 and 3 represent graphical-
ly the values from Table 2, besides the frequency of
territories that did not have any flow increase or de-
crease.

There was a PI increase of 7 areas in IG, while in CG
there was no increase, with statistically significant differ-
ence in proportion between groups (p = 0.015), as shown
in Figure 4.

Regarding ET variables, there were numerical im-
provements in VO2max, exam time, walked distance, and
maximum MET in IG. However, there was no statisti-
cally significant difference between groups, between mo-
ments, and interaction between groups and moments.
There is only a trend between times for VO2max (p =

Stringuetta Belik et al.




Table 2. Comparison of the intervention group and the control group before and after the protocol of intradialytic aerobic exercise in
relation to cerebral blood flow velocity measured by transcranial Doppler (1 = 25)

Intervention group Group control P1 P2 P3
Characteristic baseline post-intervention baseline post-intervention
(n=12) (n=12) (n=13) (n=13)

RMCA maximum, cm/s 95.3£36.14 101.9+21.18 86.4£19.59  95.2+28.52 0.424 0.293 0.876
RMCA mean, cm/s 60.0+£24.53 62.4£15.62 57.9+17.23  63.9+21.40 0.960 0.378 0.699
IP RMCA 0.9£0.32 1.0£0.30 0.8+0.29 0.8+0.26 0.255 0.490 0.432
LMCA maximum, cm/s 104.5£28.95 104.6+32.96 90.3+17.58 96.0+18.26 0.267 0.575 0.587
LMCA mean, cm/s 65.2+15.40 67.3+19.24 58.6+11.87 64.4+15.82 0.279 0.635 0.600
IP LMCA 0.9£0.29 0.9£0.22 0.9£0.28 0.8+0.25 0.610 0.189 0.536
RACA maximum, cm/s 74.0£22.66 93.3+14.36 79.6x17.79 73.5+£19.52 0.222 0.312 0.060
RACA mean, cm/s 46.0+£16.29 53.9+13.49 49.6+13.77 50.4+15.45 0.992 0.301 0.394
IP RACA 1.1+0.42 1.2+0.51 1.0+0.34 0.8+0.24 0.147 0.399 0.131
LACA maximum, cm/s 72.0+20.18 76.5+20.71 75.4+21.72 82.2+21.44 0.557 0.286 0.830
LACA mean, cm/s 44.5+14.53 46.6+14.18 49.7+15.38 55.4+15.05 0.227 0.245 0.585
IP LACA 1.1+0.47 1.1+0.30 1.0+0.31 0.9+0.34 0.242 0.427 0.621
RPCA maximum, cm/s 59.6+16.90 61.6+15.06 54.1+12.74 58.1+20.73 0.461 0.465 0.806
RPCA mean, cm/s 35.8+11.16 34.5+11.84 33.6+12.08 34.9+11.85 0.840 0.995 0.587
IP RPCA 1.1+0.42 1.3+0.64 1.2+0.96 1.0+0.39 0.718 0.940 0.127
LPCA maximum, cm/s 47.5+14.77 60.2+21.19 56.3+18.83 50.5+14.39 0.934 0.471 0.064
LPCA mean, cm/s 29.3+8.57 33.0£7.22 33.7+10.79 32.5+11.25 0.580 0.618 0.335
IP LPCA 1.0£0.46 1.2+0.46 1.1+0.43 0.9+£0.35 0.613 0.652 0.062
RVA maximum, cm/s 49.5+26.78 69.2+19.97 57.0+23.15 50.0+16.26 0.439 0.358 0.063
RVA mean, cm/s 30.6+17.26 32.7+10.47 33.4+12.30 28.4+10.01 0.869 0.658 0.283
IP RVA 1.2+0.33 1.7+0.54 1.3£0.92 1.1+0.47 0.531 0.320 0.212
LVA maximum, cm/s 52.7+22.79 66.6+24.82 50.6+19.76 45.2+14.61 0.123 0.454 0.099
LVA mean, cm/s 30.9+14.21 31.2+14.97 29.2+12.81 26.8+£10.16 0.553 0.711 0.616
IPLVA 1.3+0.51 2.0£1.00 1.4+1.02 1.1+0.55 0.098 0.361 0.094
Basilar artery maximum, cm/s ~ 62.4+17.93%4 81.24+21.37>4 66.0+21.67>4 51.5+17.60>8 0.025 0.763 0.029
Basilar artery mean, cm/s 36.3+£13.14 43.9+14.28 39.7+17.77 31.4+13.58 0.363 0.939 0.093
IP Basilar artery 1.1+0.27 1.4+0.43 1.3£0.65 1.1+£0.60 0.883 0.713 0.173
Breath Holding Index (% seg)* 1.5+0.64 1.4+0.64 1.2+0.80 1.2+0.75 0.301 0.928 0.887

Data are expressed as mean + SD. Values indicate the maximum and mean velocity of cerebral blood flow in the respective artery.

P1, comparison between groups; P2, comparison between moments; P3, interaction between groups and moments. IP, pulsatility index;
RMCA, right middle cerebral artery; LMCA, left middle cerebral artery; RACA, right anterior cerebral artery; LACA, left anterior cerebral
artery; RPCA, right posterior cerebral artery; LPCA, left posterior cerebral artery; RVA, right vertebral artery; LVA, left vertebral artery.

* Cerebral vasomotor reactivity test.  Values followed by the same lowercase letter. Setting up groups. Do not differ at the 5%
level by the Wald test. B Values followed by the same capital letter. Setting moments. Do not differ at the 5% level by the Wald test.

0.06). Maximum and resting HR were not different be-
tween groups, between moments, and interaction be-
tween groups and times (Table 3).

Discussion

The beneficial effects of intradialytic exercise are al-
ready known in HD patients. However, there are no stud-
ies evaluating the effect of intradialytic aerobic exercise in
cerebral hemodynamics and cognitive function in HD pa-
tients. Thus, the primary objective of this study was to de-

Intradialytic Aerobic Training in Cerebral
Blood Flow and Cognitive Function in CKD

termine, through a randomized controlled clinical trial,
the effect of an intradialytic aerobic training program on
these parameters. It was observed that intradialytic aero-
bic exercise for 16 weeks resulted in cognitive function
improvement.

The MMSE, which was used for cognitive function as-
sessment, has been widely applied for cognitive screening
and its accuracy depends on age and educational level. In
this study, age and education level were similar in both
groups.

In healthy subjects, a meta-analysis showed a positive
association between PA and cognitive function improve-
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Fig. 2. The maximum cerebral artery flow velocity of the CG and
IG at different moments (n = 25). CG, control group; IG, interven-
tion group; RMCA, right middle cerebral artery; LMCA, left mid-
dle cerebral artery; RACA, right anterior cerebral artery; LACA,
left anterior cerebral artery; RPCA, right posterior cerebral artery;
LPCA, left posterior cerebral artery; RVA, right vertebral artery;
LVA, left vertebral artery.

ment [30]. The prophylactic effect of PA in brain health,
CI, and dementia risk in healthy subjects have been
shown, especially among the elderly [31-33]. Moreover,
elderly participants of a PA program had a lower risk of
cerebrovascular and cardiovascular disease [34]. There-
fore, literature reports that PA may have implications in
CI prevention and risk for brain impairment seems to be
inversely proportional to the amount of PA practiced
throughout life [35].

Several physiological mechanisms could explain the
beneficial effect of PA on cognitive function, and in-
creased cerebral blood flow. Main mechanisms proposed
to explain the neuroprotective effect of exercise are car-
diovascular, immune, and neurotrophic signaling [36].
Immunological and neurotrophic signaling were not
evaluated in this study.

Cardiovascular benefits of PA, which are clearly elu-
cidated in literature, are essential for the small vessel
condition improvement [37, 38], increased cerebral
blood flow, and nutrient delivery, thereby helping to
optimize brain health [39]. Acute exercise increases
cardiac output in response to increase in oxygen and
energy substrates consumption compared to the resting
state, which increases cerebral blood flow [40]. This in-
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Fig. 3. The mean cerebral arterial flow velocity of the CG and IG
at the different moments (n = 25). CG, control group; IG, interven-
tion group; RMCA, right middle cerebral artery; LMCA, left mid-
dle cerebral artery; RACA, right anterior cerebral artery; LACA,
left anterior cerebral artery; RPCA, right posterior cerebral artery;
LPCA, left posterior cerebral artery; RVA, right vertebral artery;
LVA, left vertebral artery.
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Fig. 4. The pulsatility index of the CG and IG at different moments
(n=25). CG, control group; IG, intervention group; RMCA, right
middle cerebral artery; LMCA, left middle cerebral artery; RACA,
right anterior cerebral artery; LACA, left anterior cerebral artery;
RPCA, right posterior cerebral artery; LPCA, left posterior cere-
bral artery; RVA, right vertebral artery; LVA, left vertebral artery.
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Table 3. Comparison of the intervention group and the control group before and after the protocol of intradialytic aerobic exercise in

relation to the parameters of the ergometric test (n = 30)

Intervention group Group control P1 P2 P3
Characteristic baseline post-intervention  baseline post-intervention

(n=15) (n=15) (n=15) (n=15)
VO2max, mL/kg min 29.2+9.16 31.3+8.36 23.3+10.74 24.6+10.77 0.098 0.060 0.638
Exam time, min 7.7+2.86 8.7+£2.48 6.2+3.06 6.61+3.05 0.077 0.065 0.610
Distance, m 547.1+272.25  606.5+258.64 397.7+£251.86 426.7+261.58 0.105 0.061 0.507
MET maximum 8.3+£2.62 8.9+2.39 6.6+£3.07 7.0£3.08 0.096 0.057 0.623
HR maximum, bpm 149.3+19.94 146.5+25.93 142.4+30.50 137.8421.53 0.376 0.386 0.830
HR resting, bpm 75.0+10.63 77.8+17.43 75.249.16 74.8+10.87 0.757 0.785 0.686

Data are expressed as mean * SD.

P1, comparison between groups; P2, comparison between moments; P3, interaction between groups and moments; VO2max, ma-

ximum oxygen consumption; HR, heart rate.

crease in cerebral blood flow triggers several neurobio-
logical mechanisms in the brain tissue. Repeated and
regular neurobiological changes are related to brain
tissue synthesis by increasing angiogenesis, neurogen-
esis, synaptogenesis, and neurotransmitters synthe-
sis in different brain structures involved in cognition
(41, 42].

In the current study, after PA intervention, there was
a consistent numerical improvement in maximum and
average blood flow velocity of the 9 evaluated cerebral ar-
teries in IG, while only 4 improved and 5 worsened in CG.
There was a statistically significant difference between
these proportions. Ainslie et al. [18] showed the first evi-
dence of association of improvement in cerebral blood
flow velocity in MCA induced by regular aerobic exercise
in healthy men. Subsequently, a study with patients who
had experienced stroke reported improvements in cere-
bral blood flow parameters also induced by aerobic exer-
cise [13].

Regarding cerebral blood flow, there was significant in-
crease in maximum velocity on basilar artery in IG, after
PA intervention. There are no reports in literature about
the PA-positive effect especially on the basilar artery blood
flow. Basilar trunk is responsible for hippocampus vascu-
larization, which is associated with cognitive function,
mainly the memory [43]. With aging, there is a decrease
in this region, leading to impaired memory and increased
risk of dementia. PA may improve hippocampus perfu-
sion, with anatomical and physiological changes, contrib-
uting with the CI decrease [43, 44]. Similarly, other studies
with healthy elderly have demonstrated an association be-
tween PA and increase in hippocampal volume [45].

Intradialytic Aerobic Training in Cerebral
Blood Flow and Cognitive Function in CKD

In the present study, there was no association between
PA and cerebral vasoreactivity, represented by BHI.
However, participants showed no impairment of this
variable at baseline (IG: 1.5 + 0.64 and CG: 1.4 + 0.64).
This may be the determining fact to not find an associa-
tion. Murrell et al. [46] evaluated the effect of age and
12-week aerobic training on cerebral blood flow and ce-
rebral vasoreactivity at rest and during submaximal ex-
ercise, and observed increase in cerebrovascular reactiv-
ity to hypercapnia. This increase was induced by im-
provement in physical fitness, independent of age and
possibly associated with increased blood flow velocity in
MCA at rest. These results suggest that physical exercise
is a therapeutic tool for cerebrovascular disease preven-
tion. A study, which determined the effect of PA pro-
gram on brain vasoreactivity in the elderly, reported im-
provement on cerebral hemodynamic response in IG, as
well as BP parameters, serum cholesterol, and triglycer-
ide levels [47].

In this study, an increase in PI of 7 areas in IG was ob-
served, while there was no increase in CG, with a statisti-
cally significant difference in proportion between groups.
PI is used for indirect evaluation of intracranial cerebral
blood flow resistance. Higher the flow resistance, lower
the diastolic velocity of blood flow velocity spectrum and
hence, a higher value of PI [28].

Data obtained from evaluation of the same partici-
pants of the current study and not presented (personal
communication Viviana Rugolo Oliveira Silva) show im-
provement in left ventricular hypertrophy, as well as im-
provement in flow-mediated vasodilation test in IG after
the intradialytic aerobic training protocol. These results
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show vascular improvement in other areas, which usu-
ally are associated with cerebral circulation improve-
ment.

Some limitations of this work should be recognized.
The sample size did not reach 20 patients in each group,
which may have reduced statistical power. Nevertheless,
all patients in IG completed the protocol. There was only
a numerical increase in aerobic capacity in IG. This may
have occurred, since VO2 was not directly measured but
was estimated. Another limitation was the lack of tempo-
ral acoustic window for the TCD completion in some
patients in both groups. However, these findings are con-
sistent with a study that indicates acoustic temporal win-
dow absence in 20% of evaluated individuals, related to
female gender, advanced age, and African and Asian eth-
nic [48].

The current study strength is that it is the first one
demonstrating the beneficial effect of intradialytic aero-
bic exercise training on cognitive function and cerebral
blood flow in maintenance HD patients in a randomized
controlled clinical trial.

Conclusion
The intradialytic aerobic exercise protocol was
beneficial for cognitive function improvement in pa-

tients on HD. The intradialytic aerobic exercise had
a positive effect on cerebral blood flow, increasing max-
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