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Putting Current Data into Clinical Perspective
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Cognitive impairment is highly prevalent in patients
with kidney failure treated by dialysis, affecting up to

87% of patients receiving maintenance hemodialysis.1

Patients with kidney failure treated by dialysis have
Related article, CCC
nondialysis–related traditional risk factors for dementia
such as hypertension, metabolic syndrome, diabetes, and
smoking, as well as dialysis-specific factors, such as ane-
mia, uremic metabolites, metabolic acidosis, mineral bone
disease, and intradialytic hypotension.2

In this study, Binari et al3 assessed cognitive function in
32 patients with kidney failure at baseline (pretransplant)
and at 3 months and 1 year after kidney transplant. They
used the Repeatable Battery for Assessment of Neuropsy-
chological Status (RBANS) to assess global cognitive
function and Trail Making Test Parts A and B to assess
attention and executive function. The RBANS scores did
not change significantly after transplantation. Performance
on the Trail Making Test Part B improved at 3 months
posttransplant, and this improvement persisted at 1-year
posttransplant. Trail Making Test Part A performance also
improved at 1 year compared to baseline. Although the
change in specific neuropsychological tests may not
corroborate with some other prospective studies observing
changes in alternate neuropsychological tests, most
studies, similar to this study, report improvement in
cognitive impairment after kidney transplantation.4,5

These results are also supported by prekidney transplant
to postkidney transplant changes in dialysis-associated al-
terations in brain structure and function.6 We have pre-
viously shown that abnormal cerebral blood flow, white
matter integrity, and brain neurochemical concentrations
normalize after kidney transplantation.7

Cognitive impairment adversely affects quality of life,
sense of wellbeing, health care costs, and mortality. The
improvement in cognitive function after transplantation is
intriguing and differentiates kidney failure from most
other causes of cognitive impairment where cognitive
impairment is essentially irreversible. Although mildly or
moderately reduced glomerular filtration rate may not be
associated with cognitive impairment or brain atrophy,
retention of uremic metabolites may contribute to cogni-
tive impairment in individuals with advanced chronic
kidney disease, including those receiving dialysis, and
therefore may be at least partially reversible after kidney
transplant.8-11 Furthermore, improvement in cognitive
impairment after transplant suggests that all kidney
replacement therapies are not equivalent for brain health as
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cognitive function and brain alterations do not improve
with dialysis as they do with transplantation.

Despite the benefits of transplant on cognitive func-
tioning among individuals with kidney failure, patients
with cognitive impairment are less likely to get listed for
kidney transplant, and, when they do get listed, it takes
them longer to complete the transplant evaluation pro-
cess.12 Pretransplant cognitive impairment has also been
associated with worse posttransplant outcomes.13 Indeed,
kidney transplant recipients have a higher prevalence of
cognitive impairment than the general population, and
cognitive function, despite improvement posttransplant,
does not reach normal levels after kidney transplant.14

Although some dialysis-associated brain alternations can
improve after a kidney transplant, other cognitive and
brain alterations may not normalize after transplantation.
Middle cerebral artery velocity and cerebrovascular
response to exercise—risk factors for future demen-
tia—remain altered in kidney transplant recipients.15

How do we put these data into clinical context? Should
pretransplant cognitive function play a role in evaluation of
potential kidney transplant candidates? The findings from
the study by Binari et al3 and similar prospective studies
that show improvement in cognitive function pre-to
postkidney transplant argue against using pretransplant
cognitive function as an eligibility criterion.2 Moreover,
pretransplant cognitive function is not a strong predictor
of posttransplant cognitive function.16 The worse post-
transplant outcomes in patients with prekidney transplant
cognitive impairment are likely not due to posttransplant
cognitive impairment, and, by extension, nonadherence
due to cognitive impairment as is often feared by the
transplant team.

Perhaps patients with cognitive impairment are older
and ‘sicker’ with a higher burden of comorbid conditions
than those without cognitive impairment.1,17 Patients with
kidney failure treated by dialysis have multiple comorbid
conditions that are often inadequately adjusted for in
studies, but their effect on an individual is discernable
clinically. For example, a patient with well-controlled
diabetes mellitus for a short duration is clinically
different from another patient with uncontrolled diabetes
mellitus for a long duration. Although the statistical
adjustment in most studies will only account for the
presence or absence of diabetes mellitus, a good clinician
will account for this difference while determining kidney
transplant eligibility. Indeed, in our study,12 the transplant
selection committee was more likely to deem patients with
cognitive impairment as ineligible despite being blinded to
patients’ cognitive status. This decision cannot be
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attributed to perceived cognitive status either, because
mild cognitive impairment and sometimes even dementia
are difficult to diagnose during a routine pretransplant
clinic visit. We have previously shown that transplant
physicians and nurses are often biased in their perception
of cognitive status and are not able to determine cognitive
function accurately without objective testing.18 Transplant
eligibility is thus based on the burden of comorbid con-
ditions and clinical judgment of risks versus benefits with
kidney transplantation, rather than pretransplant cognitive
function.

Pretransplant cognitive function may be a surrogate for
vascular disease burden and associated endothelial
dysfunction, a confounding variable when determining
the association between kidney disease and cognitive
function.19 This hypothesis also explains the worse post-
transplant outcomes in patients with pretransplant cogni-
tive impairment. Older age and more comorbid conditions
are indeed associated with worse outcomes.

Another clinical conundrum is whether to use cognitive
function as a surrogate for vascular disease burden while
determining transplant eligibility. The answer will depend
on the survival advantage with a kidney transplant for that
patient and needs to be individualized using clinical
judgment—at least until we can accurately predict life
expectancy with and without a kidney transplant for an
individual patient. Current transplant policies, however,
move this decision away from the patient and may make
some transplant centers risk averse. Kidney transplant
program-specific reports assess a program with observed
versus expected outcomes, with inadequate adjustment for
cognitive impairment and vascular disease burden in the
calculation of these outcomes. Transplant centers struggle
to maintain a balance between access, equity, and utility.
With limited access (limited number of deceased donor
kidneys for the large number of kidney failure patients
awaiting transplantation), balancing utility of an organ
(making best use of an organ) versus prioritizing an in-
dividual’s survival benefit can be hard.

It is crucial for transplant centers to realize that cogni-
tive impairment is not only associated with worse out-
comes after kidney transplant but also increased mortality
while receiving dialysis.20 Along with absolute survival,
the relative survival advantage with kidney transplantation
compared with remaining dialysis-dependent should also
be considered when determining transplant eligibility.
Denying a kidney transplant to patients with reversible
cognitive impairment essentially means depriving patients
of their (only) treatment for cognitive impairment and
improved survival.

Additional clinically relevant questions include whether
existing comorbid conditions and associated endothelial
dysfunction result in cognitive impairment that is not
reversible with kidney transplant, which domains of
cognition improve after transplant, and which domains
remain persistently impaired. Can the degree of improve-
ment postkidney transplant be predicted pretransplant? To
2

answer these questions, we need larger studies with more
detailed assessment of cognitive function.

Neuropsychological assessments usually take 2-3 hours;
this duration of testing may not be practical for patients
who already have multiple clinic visits both for dialysis as
well as for management of other comorbid conditions.
Thus, studies in dialysis patients use shorter assessments,
often limited to screening tests such as the Montreal
Cognitive Assessment, Mini-Mental State Examination, and
Modified Mini-Mental State Examination. Although these
tests may be useful for screening for dementia, they have
limited value in discriminating among patients with
different degrees of cognitive impairment, determining
domains of cognition affected, and determining prognosis.
In addition, most of the screening tests were developed for
the aging population and Alzheimer’s disease and may not
perform well in patients with kidney failure. Importantly,
neuropsychological testing should be performed by a
trained person in a quiet room without distractions when
the patient is relaxed. Performing cognitive assessments
during transplant evaluation or inpatient admission for
kidney transplantation, when the patient is tired or
anxious, can yield inaccurate results. Clinical determina-
tion of cognitive status and disease progression also in-
volves additional considerations including but not limited
to age, level of education, occupation, medical history,
depression and other mood changes, brain imaging, ge-
netic testing, observations by family and friends, and
subjective reports on cognitive function. These assessments
are generally incomplete in most hemodialysis studies. For
example, in the current study, the authors used RBANS and
Trail Making Parts A and B for assessment of cognitive
function.4 RBANS takes about 20-25 minutes to assess
global cognitive function. Although a more thorough test
than some other commonly used screening tests, such as
the Mini-Mental State Examination, Modified Mini-Mental
State Examination, or Montreal Cognitive Assessment,
RBANS does not provide detailed domain-specific infor-
mation that can help understand the mechanisms under-
lying cognitive impairment in kidney failure treated by
dialysis and its possible reversal after kidney trans-
plantation. Trail Making Parts A and B partly cover do-
mains of attention and executive function, but many other
domains remain unassessed. In addition, patients partici-
pating in research studies have a higher level of education,
further biasing results and their interpretation.

The study by Binari et al3 adds to the growing literature
suggesting at least partial reversibility in cognitive
impairment with successful kidney transplantation.5

Despite these optimistic data, our work is not done.
Many clinically relevant questions remain unanswered.
Studies are needed to better predict domain-specific
cognitive function after kidney transplantation to identify
patients who will benefit from transplantation despite
pretransplant cognitive impairment. Meanwhile, transplant
centers should observe caution in using cognitive function
as a determinant of kidney transplantation eligibility.
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