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Conventional in-center hemodialysis
(HD) is the most common form of di-
alysis in the United States. Approxi-
mately 88% of individuals with ESRD
initiate RRT with in-center HD.! On
the basis of current trends, in-center
HD is anticipated to remain the domi-
nant dialysis modality into the foresee-
able future. The growing HD population
is also ageing, with the highest incidence
of ESRD in persons aged 75 years or
older.! As more patients of older age
and/or high comorbidity initiate HD,
awareness of the high burden of unfor-
tunate side effects related to the HD
treatment has increased, and emerging
literature has demonstrated a high fre-
quency of cognitive impairment and
decline in cognition in the HD popula-
tion.>3 Cognitive impairment affects all
aspects of wellbeing; it is associated with
higher mortality, increased hospitaliza-
tion rates, and lower quality of life. Fur-
thermore, cognitive impairment can
reduce medication adherence and die-
tary compliance that are central to the
care of patients on dialysis. Severe cog-
nitive impairment can impair decision-
making capacity, creating a barrier to
discussion of goals of care for this
high-risk population. Although patients
on dialysis have traditional and ESRD-
specific risk factors for cognitive impair-
ment, it is crucial to evaluate the role of
the HD process itself in contributing to
cognitive decline.

There is accumulating evidence that
the HD process itself may accelerate cog-
nitive decline. In aretrospective study, we
compared the incidence of dementia in
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two ESRD populations: those initiated on
HD and those initiated on peritoneal di-
alysis (PD).* Despite adjustments for de-
mographics and comorbidities and
attempting to control for modality selec-
tion bias, we found a substantially higher
incidence of dementia in those on HD
compared with those on PD. In a pro-
spective study, Iyasere et al.> found that,
over a median follow-up of 12 months,
cognition declined faster in those on HD
compared with PD, despite similar base-
line cognitive scores and adjustment for
education and demographics. The above
studies have limitations including use of
registry data that relies on diagnoses
rather than actual cognitive testing in
the large retrospective study, the small
sample size in the prospective study (25
participants on PD and 41 participants
on HD), and an inability to truly control
for the cognitive differences that may lead
to bias in dialysis modality selection.
However, despite the limitations, the stud-
ies provide some evidence that it is not
solely ESRD-specific factors that lead to
cognitive decline, but perhaps the HD
process itself. These findings suggest that
an additional focus on HD-specific inter-
ventions may be an avenue to reduce the
development or acceleration of cognitive
impairment in patients on HD.

One area of focus is the potential for
ischemic damage due to variations in
blood flow that can occur during HD.
In this issue of the Journal of the Ameri-
can Society of Nephrology, Polinder-Bos
et al.® report on the decline in intradia-
lytic cerebral blood flow (CBF) that oc-
curs in older adults on HD. The authors

report a significant decline in CBF dur-
ing HD that affected all regions of the
brain and was surprisingly asymptomatic,
except in one patient who experienced a
20% reduction in CBF and had a loss of
consciousness. The authors conclude that
these subclinical episodes of intradialytic
cerebral hypoperfusion may contribute to
the cerebral ischemic injury seen in pa-
tients on HD. Factors associated with in-
tradialytic decline in CBF included higher
ultrafiltration rate, higher body tempera-
ture, and higher blood pH. Although the
association between intradialytic BP and
CBF was inconclusive in this study, per-
haps due to missing values and patient
variation, the overall results support the
growing literature that HD induces circu-
latory stress that can affect end-organs. It
has been shown that intradialytic circula-
tory stress can result in cardiac stunning
and accelerated loss of residual renal func-
tion. Like the kidneys, the brain has low
resistance and high blood flow, rendering
it particularly susceptible to ischemic
damage. Although cerebral autoregula-
tion resists changes in CBF, regulatory re-
sponses can be dysfunctional in patients
on HD. Diabetes, hypertension, athero-
sclerotic disease, and older age can all im-
pair cerebral autoregulation. In addition,
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Figure 1. Conceptual model describing a potential mechanism of cognitive decline due to
HD-associated circulatory stress and cerebral hypoperfusion. Boxes A-C depict the risk
factors common to patients on dialysis that can lead to impaired cerebral autoregulation.
Pairing impaired cerebral autoregulation with the circulatory stress of conventional in-
center HD (box D) can lead to downstream events shown in boxes E1-3, with cognitive
impairment as the outcome. Box F describes the numerous other non-HD specific factors
that can also contribute to cognitive impairment.

ESRD-specific risk factors, including in-
creased oxidative stress, inflammation,
and vascular calcification from impaired
calcium and phosphate regulation, can
contribute to such impairment. The com-
bination of hemodynamic instability
during HD and diminished cerebral
autoregulation can lead to cerebral hypo-
perfusion and subsequent ischemic in-
jury (see Figure 1 for depiction of this
process). Further supporting this hy-
pothesis is an analysis of United States
Renal Data System data that described a
seven-fold increase in incident stroke
rate during HD initiation that remained
double the baseline risk 1 year later.”
Taken together, these studies suggest HD
initiation and the HD process may lead to
increased cerebral ischemic events and
the resultant acceleration of cognitive
impairment.

Building on the forgoing concepts,
the next steps are to evaluate hemody-
namic-centered interventions and uti-
lize new methods to better characterize
the pathophysiology of HD-related is-
chemic disease. Studies on intradialytic
cerebral perfusion are limited by the
methods used to monitor cerebral per-
fusion. Polinder-Bas et al. used the gold
standard technique of ['?O]H,O posi-
tron emission tomography-computed
tomography scan to measure intradia-
lytic CBE. However, the technical diffi-
culties and expense of conducting HD
during the scan contributed to their
low sample size of 12 participants.
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Similarly, transcranial Doppler evalua-
tion of cerebral perfusion is notorious
for being operator dependent and per-
sonnel intensive. A newer technique,
near-infrared spectroscopy (NIRS), is
commonly used in clinical practice dur-
ing carotid endarterectomy and coro-
nary bypass surgery to monitor cerebral
oximetry as a marker of cerebral ische-
mia. Cerebral oximetry, as measured by
NIRS, is significantly correlated with
change in middle cerebral artery blood
flow.® NIRS also provides the benefit of
continuous monitoring throughout the
dialysis session, ensuring that there are
no missed episodes of cerebral ischemia
between measurements. Advantages of
NIRS also include ease of interpretation
and set-up, lending NIRS well to imple-
mentation in clinical practice. A recent
study used NIRS to examine the rela-
tionship between intradialytic BP, cere-
bral ischemia (quantified by changes in
cerebral oximetry), and cognitive func-
tion.? This study demonstrated intra-
dialytic cerebral ischemia occurred
frequently and correlated with de-
creased executive cognitive function.
This provides more evidence that cere-
bral hypoperfusion can occur during
HD, potentially leading to long-term
cognitive decline. A larger study that
harnesses the ease of use of the NIRS
technology and includes both cerebral
imaging and cognitive function would
help confirm the association and clarify
the mechanism.
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With the significant evidence that HD
may lead to cognitive decline, we face the
daunting task of trying to fix conven-
tional HD and improve intradialytic
hemodynamic stability. A recent study
indicated that use of cooled dialysate
(set 0.5°C—~1°C below body temperature)
can reduce myocardial stunning.!® The
same investigators also demonstrated
that cooled dialysate improved systemic
hemodynamic stability and reduced
change in cerebral white matter.! How-
ever, in the latter study of only 38 partic-
ipants, the change in white matter in the
standard temperature group was consis-
tent with acute changes of ischemic in-
sult, but not chronic injury. This may
have been because of the timing of mag-
netic resonance imaging in relation to
dialysis, but it certainly clouds interpre-
tation of the results. Additional prospec-
tive studies are needed to confirm that
cooled dialysate can prevent cerebral hy-
poperfusion and actually affect ischemic
injury and prevent cognitive decline.

Although this is an important under-
taking, we must remember the other op-
tions currently available for treating
ESRD. PD, short frequent home dialysis,
and nocturnal dialysis do not cause the
significant hemodynamic stress that
commonly accompanies conventional
HD. The underutilization of these alter-
native dialytic techniques in the United
States may have allowed the complica-
tions of HD to become more apparent,
especially as older and sicker patients be-
gin RRT with in-center HD. Use of these
other dialysis alternatives, especially in
patients at higher risk for cerebral hypo-
perfusion, may decrease the burden of
cognitive impairment. However, this
does challenge the nephrology commu-
nity to be innovative and flexible in
allowing more patients to utilize these al-
ternatives and to create the infrastructure
to support their successful implementa-
tion in older or chronically ill patients.

In short, to reduce cerebral ischemic
injury and subsequent cognitive impair-
ment, we must explore different paths
by evaluating methods to reduce the
circulatory stress of HD and simulta-
neously looking to augment the use of
other dialysis modalities.
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