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Abstract

Purpose of the review: Cognitive impairment is common in kidney transplant recipients and
affects quality of life, graft survival, morbidity, and mortality. In this review article we discuss the
epidemiology, diagnosis, pathophysiology and future directions for cognitive impairment in kidney
transplantation. We describe the potential role of pre-transplant cognition, immunosuppression and
peri-transplant factors in post -transplant cognitive impairment.

Recent Findings: A majority of patients with kKidney transplant have cognitive impairment.
Cognitive impairment affects both pre-transplant evaluation and post-transplant outcomes. Failure
to identify patients with cognitive impairment can withhold appropriate care and timely
intervention.

Summary: Cognitive impairment is common in kidney transplant and affects outcomes. Studies
addressing modifiable risk factors and possible interventions to slow cognitive decline in patients
with kidney disease are needed.
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Introduction

Cognitive impairment is common in patients with kidney disease and affects kidney
transplant (KT) eligibility and post- KT outcomes. Prior to KT cognitive impairment is
associated with a lower likelihood of being listed for KT, and if listed, delays the time to
listing.1 After KT cognitive impairment can affect adherence,? quality of life, health care
costs and graft survival.3 The etiology of cognitive impairment in KT recipients is
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multifactorial. Patients with end stage renal disease (ESRD) have a high prevalence of
cognitive impairment that improves post-transplant, but residual deficits persist. These
combined with the effects of immunosuppression, low physical activity,* altered gut
microbiome, post-transplant delirium,? and traditional risk factors for dementia such as
hypertension, hypercholesterolemia, metabolic syndrome, diabetes and hyperuricemia likely
contribute to cognitive impairment in KT.

Given the significant clinical impact of cognitive impairment in KT, diagnosing and
managing cognitive impairment is critical. In this review, we will discuss epidemiology,
pathophysiology and future directions for diagnosis and management of cognitive
impairment in KT.

Epidemiology

Up to 87% of patients on hemodialysis® and 75% on peritoneal dialysis’ have cognitive
impairment. Of the patients with ESRD, the ones who receive a KT tend to be healthier and
have better cognition when compared with the average ESRD population.18 We and others
have shown that KT improves cognition.?14 However, prevalence of cognitive impairment
post-KT is high and ranges from 22.3% to 58%,15:16 with the wide range reflective of
differences among methods used to assess cognition. The prevalence of dementia is
approximately 17% among KT recipients aged above 75 years compared to 7.5% in the
general population.3 Similar to the general population,1’ cognitive impairment in KT
recipients increases with age.16 However, unlike the general population, cognitive impatient
in KT recipients can affect younger patients.1® Transplant recipients have one functional
kidney and by definition a majority of them have chronic kidney disease (CKD). There is,
however, a difference in the relationship of renal function with cognition in patients with
CKD or KT. In CKD, each 10 ml/min/1.73 m2 decrease in estimated glomerular filtration
rate (eGFR) is associated with an 11% increase in the prevalence of cognitive impairment.18
Au contraire, in post-KT patients, cognitive impairment is not associated with eGFR and can
affect patients with a successful KT with serum creatinine in the normal range.16

Spectrum of Cognitive impairment: difference between mild cognitive

impairment and dementia

Dementia is defined by cognitive impairment that has declined from the past and results in
difficulties with activities of daily living interfering with an individual’s independence.1®
Moderate to severe dementia is generally recognized clinically and patients are able to
receive medical attention. However, mild cognitive impairment (MCI) is often missed as it is
not clinically evident. MClI is a term used for cognitive decline that is on the spectrum
between normal aging and early dementia.29 Persons with MCI are generally able to
function independently. Cognitive impairment tends to be subtle and can easily be missed
unless identified in objective neuropsychological tests. Timely diagnosis of MCI is
important as it is a precursor to dementia and interventions to slow cognitive decline may be
more effective at this stage than after frank dementia has developed. The majority of KT
recipients fall under the category of MCI where objective testing is needed for diagnosis and
follow up.
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Assessment of cognition

Although KT recipients have frequent interactions with their transplant team, subjective
impressions of cognition during a clinic visit may not be adequate to accurately assess full
cognitive capacity. We noted significant discrepancies between perceived cognition (both by
nurses and physicians) and measured cognition (Figure 1).2> Moreover, frequently,
physicians and nurses disagreed in their perception of patients’ cognition. Hence, objective
assessment of cognition is needed. There are several tests with established normative values
available for both screening and confirmation of cognitive impairment. Available resources
(including the ability of the clinic staff to administer the test accurately, the time needed to
administer the test and potential management strategies if a patient is diagnosed with
cognitive impairment) need to be considered before routine testing of cognition in KT
recipients is implemented.

Screening tests:

There are several neuropsychological tests available to screen for cognitive impairment. The
majority of these tests were developed for assessing cognitive decline with aging and
Alzheimer’s disease (AD), the most common type of dementia. Some of these may not be
well suited for measurement of cognition in kidney disease where the etiology of cognitive
impairment is thought to be largely vascular in nature. The mini mental scale exam (MMSE)
is one of the most common screening tests used worldwide. It is quick and easy-to-use,
comprises of 30 questions and takes 5-10 minutes to administer. It assesses domains of
orientation, attention, calculation, recall, language and motor skills.22 Cutoff scores for MCI
and dementia are adjusted based on education and age.23 The Montreal Cognitive
Assessment (MoCA)24 another commonly used test, is more sensitive in measuring
executive function, a domain commonly affected in vascular dementia. Therefore, the
MoCA is rapidly gaining popularity in the measurement of cognition in kidney disease.2526
The MoCA is a one-page test with 30 questions and takes about 10 minutes to be
administered. It assesses multiple domains of cognition: visuospatial/executive, naming,
memory, attention, language, abstraction, delayed recall and orientation.24 The final score is
adjusted for the level of education by adding one point to the score for <12 years of
education. To ensure consistency and proper implementation with the increasing use of the
test, there is now a mandatory training and certification required for persons who administer
the MoCA.. The training may be accessed via their website, https://www.mocatest.org/. The
MoCA has a higher sensitivity and specificity compared to the MMSE, however, the cut off
score of 26 may have a high number of false positive results.2” Some have, therefore,
proposed a lower cut off score of 24 to decrease the number of false positives.28 Another
screening test commonly used in KT is the mini-cog test2® which takes roughly three
minutes to administer. While it has the advantage of being more efficient, there is some
concern that the mini-cog test might not perform as well as others, such as the MMSE.30
The Modified Mini-Mental State (or 3 MS) test extends the scope of the MMSE with the
addition of testing long-term memory, abstract thinking, category fluency and delayed recall.
The 3 MS has improved sensitivity and specificity in screening for MCI compared to the
MMSE.31 Most of the screening tests are relatively short and could be administered in the
setting of a busy transplant clinic. We have successfully used the MoCA in our transplant
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clinic for the past six years after training medical assistants and coordinators on how to
administer the test.

Confirmation of cognitive impairment:

If a screening test is positive for cognitive impairment, patients should undergo a thorough
evaluation with additional neuropsychological tests.2? Complete neuropsychological testing
can take several hours. In the case of KT recipients, this assessment should preferably be
done by a neuropsychologist with expertise in vascular dementia so that appropriate
neuropsychological tests are selected for confirmation of the diagnosis of cognitive
impairment, quantification of the degree of cognitive impairment and determination of
domain-specific impairment.

Pathophysiology

Understanding the etiology of cognitive impairment in KT recipients is important and may
enable development of strategies to prevent cognitive decline, and maintain, or even improve
current level of cognition. To understand the pathophysiology of cognitive impairment in KT
recipients, it is important to understand the etiology of cognitive impairment prior to KT,
modification of pre-KT risk factors with KT, and additional peri-operative and post-
transplant factors influencing cognition (Figure 2).

Etiology of cognitive impairment in CKD

Vascular risk factors

The association between uremia and cognitive impairment has been well known for several
years.32:33 CKD, even without clinical uremia, is associated with increased risk of cognitive
impairment.18:34 The brain and the kidney share common vascular characteristics. Both
organs have low vascular resistance and receive high blood flow and have similar
vasoregulatory systems and hemodynamic changes in the vascular network. With these
similarities, small vessel disease in one organ could be a sign of disease in the other.3> CKD
and dementia share common risk factors such as hypertension, dyslipidemia, metabolic
syndrome, obesity, diabetes, smoking, high homocysteine levels. All of these are risk factors
for chronic inflammation, 3637 oxidative stress,38:39 endothelial dysfunction, atherosclerotic
vascular disease and increased sympathetic activity leading to vascular endothelial injury
and disruption of the blood brain barrier, exacerbating the effects on cognition. Protein-
bound metabolites and middle molecules such as indoxyl sulfate and p-cresyl sulfate are not
easily dialyzable, have high plasma concentrations in ESRD and are associated with
cognitive impairment.#% There is also an increased production of these substances due to
altered gut microbiome.#! Other biomarkers such as homocysteine and uric acid have also
been associated with small-vessel disease, progression of white matter lesions*2 and
cognitive decline. 4344

Structural brain changes in CKD

CKD is associated with increased white matter hyperintensities, cerebral atrophy,
microbleeds, microinfarctions, altered brain metabolites, cerebral blood flow, and white
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matter integrity suggesting vascular causes to play an important role in cognitive
impairment.4546 We have an ongoing longitudinal study assessing cognition and brain
alterations before and after KT (ClinicalTrials.gov identifier NCT01883349).

White matter changes: Brain imaging studies showed that ESRD is associated with
increased white matter disease, clinical and subclinical strokes, and cerebral atrophy.4” A
novel imaging technique, diffusion tensor imaging (DT]I), evaluates structural integrity of
white matter by mapping the diffusion of water molecules restricted to specific tissue. In
organized tissues such as the white matter in the brain where water molecules diffuse more
freely along an axonal fiber tract than across it, DTI can detect subtle but functionally
significant ultrastructural abnormalities not visible during traditional MRI imaging. Altered
DTI metrics, a lower fractional anisotropy (FA) and a higher mean diffusivity (MD) are seen
in ESRD*8 and are associated with cognitive impairment.4?

Alterations in Cerebral Blood Flow: ESRD is associated with an increase in cerebral
blood flow.%0 Inflammation, vascular disease, and disruption of cerebral autoregulation may
play a role. Cerebral blood flow decreases after KT.51 This may be considered a
normalization of blood flow after KT, but for unclear reasons, blood flow decreases lower
than the cerebral blood flow in normal persons without kidney disease.>2 Calcineurin
inhibitors (CNIs), which are inherently vasoconstrictive and used commonly for
maintenance immunosuppression in KT may play a role. Further research is needed to
understand if the vasoconstrictor effect of CNIs is responsible for the decrease in cerebral
blood flow after KT and the consequences of this decrease in blood flow.

Alterations in Brain Metabolites: ESRD is associated with alterations in brain
metabolites, which are associated with cognitive impairment in other disease states.
Magnetic resonance spectroscopy (MRS) allows evaluation of cerebral neurochemicals
providing in vivo information on neurons, energy and metabolism in the brain. Choline/
creatine and myo-inositol/creatine ratios are increased in ESRD,>3 and as major brain
osmolytes may reflect changes in osmotic pressure. Myo-inositol is also a glial marker and
may reflect increased gliosis. Both choline/creatine and myo-inositol/creatine ratios decrease

after KT. 51 Alterations in N-Acetylaspartate/ creatine ratios remain controversial in ESRD.
54

Perioperative factors

Post-transplant delirium is associated with subsequent diagnosis dementia.>® Whether
delirium causes changes in the brain or is a biomarker of decreased brain reserve making
one susceptible to future dementia is unclear.58 Whether exposure to a surgical procedure
and general anesthesia, and post-operative infections increases the risk of cognitive
impairment remains controversial.>”-5% Changes in the gut microbiome with KT may also
play a role in cognitive changes- further research is needed in this area.5°
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Role of immunosuppression

Immunosuppression used in KT can affect cognition. For example, CNIs have a known side
effect of neurotoxicity. Occipital white matter appears to be uniquely susceptible to the CNI
neurotoxicity and cases of posterior reversible leukoencephalopathy syndrome have been
reported, presumably from injury to cerebral vasculature through hypoperfusion or ischemia.
61.62 commonly used CNIs, tacrolimus and cyclosporine, do not readily cross the blood
brain barrier, but in the presence of kidney disease and hypertension this blood brain barrier
can be disrupted.®3 CNIs in the brain inhibit calcineurin resulting in altered
neurotransmission, calcium homeostasis and gene expression, thereby, impairing response to
ischemic injury and neuronal plasticity and affecting cognition. Intracerebral tacrolimus
concentrations do not correlate well with blood concentrations and show high inter-
individual variability but are likely dependent on peak levels. In animal models, comparing
continuous vs intermittent tacrolimus dosing, intracerebral levels were lower with
continuous dosing despite higher area under the curve.54 These data might favor usage of
extended release preparations of tacrolimus. Trials to test effects of immediate release vs
extended release tacrolimus on cognition are in progress. As alluded to earlier, CNI’s are
also inherent vasoconstrictors,5% which may also contribute to some of observed
neurological side effects. Cerebral vasoconstriction also has the potential to alter the
cerebrovascular kinetics in response to exercise. Given the brain’s lack of oxygen stores and
intolerance to anoxia,®8 increase in cerebral blood flow and oxygen delivery is necessary to
match the brain’s metabolic requirements. Inability to increase cerebral blood flow may
impact long term cerebrovascular outcomes. Although CNIs seem to impact cognition, it
remains unclear whether the neurotoxicity of CNIs is due to vasoconstriction vs other direct
drug effects.

Apart from CNI’s, other immunosuppressive agents can also affect cognition by affecting
neuronal function with alteration of immune function by inhibiting interleukin-2 (IL-2). IL-2
is essential for neurogenesis and cognition®” and mediates innervation of dopamine and
acetylcholine®8 involved in executive function tasks®® CNI’s and mammalian target of
rapamycin (mTOR) inhibitors, commonly used post-KT, affect the production and action of
IL-2.70.71 High doses of corticosteroids commonly used for induction and treatment of
rejection, are associated with cognitive impairment, as well as psychotic symptoms.’2
Prolonged hypercortisolemia is associated with cognitive impairment and decreased
hippocampal volume on brain imaging.” With recent availability of new
immunosuppressive agents in KT, determining the effects of specific immunosuppressive
agents in KT on cognition has important clinical implications.

Improvement in cognition after KT

Longitudinal studies indicate improvement in cognition after KT.%-14 This reversibility in
cognition is not seen with dialysis.”* A recent meta-analysis evaluating cognitive function in
KT included four longitudinal studies that evaluated pre- to post-KT cognition and showed
moderate to large improvements in global cognition and domains of information and motor
speed, spatial reasoning, verbal memory and visual memory post KT.”> In addition, scores in
these domains were better when compared to patients with ESRD. Depression also improves
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with KT76 and likely improves performance on the neuropsychological tests. However, KT
recipients performed below healthy controls without kidney disease in domains of executive
function, verbal fluency and language. Some domains such as attention, executive function,
verbal fluency and language did not improve after KT. This may reflect irreversible brain
alterations or impact of other factors described above. Other smaller studies have indicated
improvement in memory and executive function.® This improvement in cognition with KT
may be diminished by the neurotoxicity associated with calcineurin inhibitors.”” However,
the improvement in cognition post-KT appears to be durable for one’® year or even two©
years after KT.10.78 That being said, there are only six longitudinal studies assessing pre- to-
post KT cognition.2:10.12-14.78 Most have a small sample size, while some have short-term
follow-up or limited neurophysiological testing. Table 1 summarizes all the published
longitudinal studies assessing cognition pre- to post- KT.

Improvement in cognition post-KT may reflect improved clearance of middle molecules and
inflammatory mediators in ESRD such as IL-1p, IL-6, tumor necrosis factor (TNF) that have
limited clearance with dialysis.”® In addition, structural brain alterations in ESRD also seem
to improve post-KT. We were the first group to show that FA increases and MD decreases
after KT.13 Notably, these changes were more prominent in white matter tracts associated
with memory and executive function, the two domains of cognition that improve after KT.13
These results are encouraging as they indicate at least partial reversibility in cognition and
brain alterations seen in CKD. Case reports indicate that some white matter lesions may be
reversible, however, it remains unknown whether the global white matter lesions associated
with CKD improve after KT. Functional MRI studies also show recovery in select resting-
state networks after KT.89:81 Further studies are needed to understand if the decrease in
cerebral blood flow below normal after transplant is due to improvement in cerebral
autoregulation or due to cerebral vasoconstriction due to calcineurin inhibitors. Longitudinal
studies assessing MRS and cerebral blood flow pre- to post- KT are ongoing.

Future directions

Assessment of cognition in KT is important. Studies are needed to confirm the etiology of
cognitive impairment in both ESRD and KT and to mitigate the risk for cognitive decline.
The effect of modifiable risk factors such as post-KT weight gain, metabolic syndrome and
new onset diabetes, hypertension, low physical activity and immunosuppression on long-
term cognition needs to be better elucidated. Transplantation is a unique life changing event
which reverses cognitive impairment and brain alterations. However, since some brain
alterations during CKD and ESRD may be irreversible even after KT, efforts for preserving
pre-transplant cognition should be maximized. Additionally, the effect of dialysis and other
co-morbidities on pre-KT cognitive decline need to be further studied.

Conclusion:

Cognitive impairment in KT remains a significant but underappreciated clinical problem
affecting a majority of our patients with CKD or ESRD. Brain imaging and
neuropsychological tests point to a vascular etiology of cognitive impairment, exacerbated
with some KT specific issues such as immunosuppression. The etiology of cognitive
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impairment in KT is unique and further studies are needed in the area as extrapolated results
from other causes of cognitive impairment may not hold true for this population.
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Partial improvement in cognition and brain
alterations with kidney transplantation
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Figure 2:
Hypothesized pathophysiology of cognitive impairment in kidney transplantation
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Table 1:

Longitudinal studies assessing cognitive function in kidney transplantation

Page 15

Number | Neuropsychological tests performed (domain Time after
Study tested of KT Main findings Limitations
after KT cognition tested)
Kramer, 15 MMSE (global cognition) 14 months Trend towards Small sample size
1996 TMT-A (attention, planning, visual scanning, improvement in and lack of more
motor speed) TMT. No significant sensitive tests
change in cognition.
Griva, 2006 28 TMT-A and B (attention, planning, visual 6 months Improvement in Small sample size
scanning, motor speed) RAVLT (p < 0.001) with limited power
Symbol Digit Modalities Test (visual attention, to detect changes
coordination) in multiple tests
RAVLT (total learning, delayed recall,
recognition)
Grooved Pegboard (fine motor coordination,
manual dexterity)
Benton Visual Retention Test (visual memory,
vasoconstrictive abilities)
Harciarek, 27 MMSE (global cognition) 34 days Psychomotor speed Small sample size
2009 and RAVLT (total learning, delayed recall, (range improved by 20.6%, with limited power
2011 recognition) 12-57),1 motor abilities by 9.3%, | to detect changes
BVMT-R (memory and recall) year abstract reasoning by in multiple tests
Digit span (attention, working memory) 12.4% and memory by
Tapping (motor abilities) 27.40%
TMT-A and B (attention, planning, visual
scanning, psychomotor speed)
Digit Symbol (psychomotor speed, executive
function) Similarities (abstract reasoning)
Verbal fluency (verbal letter, category)
Vocabulary (semantic knowledge)
Radic, 2011 | 21 Complex Reactiometer Drenovac (spatial 20.5 Improvement in Small sample size
reasoning, memory, and executive function) months processing speed,
attention, memory, and
executive function
Gupta, 2016 | 11 MMSE (global cognition) 3 months, Improvement in logical Small sample size
Digit Span (attention, working memory) 12 months memory | (p = 0.004),
Logical Memory | and Il (memory and recall) logical memory Il (p =
Category Fluency (Verbal Fluency) 0.003) and digit span (p
TMT-A and B (attention, planning, visual =0.007)
scanning, psychomotor speed)
Digit Symbol (psychomotor speed, executive
function) Block Design (Special visualization
and motor skill)
Stroop (Attention and processing speed)
Free and Cued Recall (Visual perception and
memory)
Chu, 2019 665 3MS (global cognition) 18 months Improvement in 3 Specific domains
(range MS score of cognition not
1-48) assessed

Abbreviations: BVMT-R; Brief Visual Memory Test-Revised, KT; kidney transplant, MMSE; Mini-Mental State Examination, RAVLT; Rey

Auditory Verbal Learning Test, RCF; Rey-Osterrieth Complex Figure, TMT; Trail Making Test.
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