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New frontiers of nephrology

Cardio-nephrology

Onco-nephrology

Intestinal microbioma - Kidney interaction

New pharmacological tools

Vaptans, 
SGLT2 inhibitors, 
biological immunotherapy



Brain-kidney interaction: 
the new frontier of medicine



New tools to study the brain
•Functional Magnetic Resonance (fMRI) to 
visualize human brain activity
•Tractography to identify brain connections 
in vivo
•Optogenetics to visualize and activate 
single neurons in vivo

WHY NOW?

New tools to study the kidney
•Metabolomics, proteomics, peptidomics
to identify kidney-handled substances
•2-photon microscopy to visualize kidney
microcirculation

Big Data Analysis



Neuropathy

Vascular disorders

Neurological complications
of CKD Movement disorders

Cognitive/sleep
disorders

• MILD COGNITIVE IMPAIRMENT
• Uremic encephalopathy
• Restless leg syndrome
• Sleep apnea

How the kidney influences the brain?







• Nephrologists

• Neurologists • Geriatricians

• Neurophysiologists
• Kidney Physiologists

• Biochemists

• Epidemiologists



Brain-kidney interactions in CKD 









Viggiano & Capasso 2020, Nat Rev Nephrol

Mild Cognitive Impairment prevalence in patients 
with CKD



Cognitive Impairment Tests

Viggiano D. & Capasso G. Nephrology Dialysis Transplantation, 2019



Brain modifications in CKD-HD

Viggiano D. & Capasso G. Nature Reviews Nephrol 2020



Uremic neurotoxins :
Indoxyl sulfate (IS)
P-cresyl sulfate
Guanidine compounds 
Excessive phosphates
FGF23

Kim DS, et al.2022 Kidney–brain crosstalk

CI during renal kidney failure



Mechanisms of uremic toxin transport in the brain : 
the importance of the glymphatic system

Viggiano D. & Capasso G. Nature Reviews Nephrol 2020



High prevalence of CI & damage in HD patients

Murray et al. Neurology 2006; 67:216-23; Drew et al. JASN 2020;31:855-864

Murray et al. 2006: 374 HD patients 
 Mean age 71 years
 Dialysis vintage 33 months

Normal cognition
Mild CI
Moderate CI
Severe CI

13%

14%

36%

37%

Similar findings by Drew et al. (2020)

Healthy MCI
30-60%

Dementia
14%

Dialysis Patients

• Persistent cognitive decline and behavioural
disturbance

• No interference with independence and daily 
functioning (in contrast to dementia)

• In HD patients: 30-60% have MCI, 14% have dementia 

Tamura et al. Kidney Int 2011 79:14–22; Mc Adams-De Marco CJASN 2018



Acceleration of CI & damage after HD initiation 

Prospective study in CKD patients
 123 patients: no transition to dialysis
 37 patients: transition to dialysis, 78% HD

Kurella Tamura et al. Kidney Int 2017;91:948-953Sernak MJ et al Neurology. 2013;80(5):471-480

• Only 30% of HD patients had intact cognitive 
performance

• 314 patients of HD



Cerebral damage after HD initiation 

Eldehni et al. JASN 2015;26:957-965 Drew et al. BMC Nephrol 2017;18:213, Wesley T. et al. Nephron 2021;145:35-43  

73 incident HD patients were randomised to
 Dialysate temperature 37.0 ℃
 0.5 ℃ < core temp (min. 36.0 ℃)

Diffusion Tensor Imaging
(DTI) to assess brain 
white matter microstructure
at baseline and after
1 year

Use of cool dialysate was 
associated with better
hemodynamic stability



HD related decline in CBF velocity and WM 
hyperintensities progress

Transcranial 
Doppler ultrasound 

Findlay et al. JASN 2019;30:147-158 

Start of HD

In 82 patients, mean cerebral flow velocity fell 
from 47 to 40 cm/s (-10%)

P<0.001

End of HD



Change in global and regional cerebral blood flow

Global Regional

T1 versus T3: -9.2 to -11.3%; all p<0.05 T1 versus T3: -4.1 (-7.3 to -0.9) ml/100 g/min
-10.3%; p<0.05 

Polinder et al. JASN 2018;29:1317-25 

Factors associated with lower CBF: 
• Higher UF-volume
• Higher tympanic temperature
• Higher blood pH (T2)



Non-invasive imaging technology that
enables measurement of changes in 
oxyhemoglobin and deoxyhemoglobin, 
which reflect local brain activity.

=
• Non-invasive
• Excellent resolution
• Real-time signaling

• Real time oxygenation evaluation
• Free movement during acquisition
• Handling  device and easy  to transport
• Low cost and real time neuroimaging
• Good temporal resolution (up to 100Hz)

Prof. Alexandre Andrade

Why use Functional near infrared spectroscopy (fNIRS) on CKD patients ?
c



CI in Peritoneal Dialysis patients 

Meta analysis incuding 8 studies from 1980-2019 of 1736 patients
showed CI prevalence in 28.7% 

In a multicenter cross-sectional
PD researction of 459 patients 
28.4% had CI and 52% with
depression

SHEA YF et al. 2019,Springer 
SHEA YF et al. 2016 - VOL. 36, NO. 3

28,4%

50%

CI DEPRESSION

CI in PD patients 



Cognitive Function  in PD VS HD  

D Neumann et al. Kidney International 2018 93430-438

• 271 patients at baseline and after 1 year

• Two of the CI tests done(TMT-B & D2-R) showed better cognitive 
function in PD patients than in HD patients at baseline and after 
1 year 

TMT-B: lower scores = better CF
d2-R : higher scores = better CF



Background damage

Hemodialysis-related:

Related to: 
 CV co-morbidity
 Duration & severity of 

CKD

CI prevalence is extremely high in HD 
patients

HD initiation seems to accelerate 
decline in cognitive function & increase 
progression of damage 

Cognitive function declines faster in 
patients on HD compared with PD

Iyasere et al. Clin Kidney J 2017;10:89-94
Neuman et al. Kidney Int 2018;93:375-89

SUMMARY



SUMMARY

1. Significant alteration in white matter integrity is 
observed in HD patients 

2. HD causes change in global and regional cerebral blood 
flow

3. Cerebral perfusion decreases in patients under HD
4. Conventional HD reduces cerebral perfusion and 

probably contributes to ischemic damage and CI

5. Cool dialysate, may attenuate  cognitive decline



BIOGEM TRANSLATIONAL NEPHROLOGY LABORATORY



https://connectcost.eu/
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