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Optimising dialysis for the patient with heart 
failure

Andrew Davenport
UCL Department of Renal Medicine

Royal Free Hospital
University College London 

Dialysing patients with heart failure 

Volume management

Objectives
o maintain cardiac filling pressures
o preserve cardiac perfusion
o prevent arrhythmias 

Patient education  Vasodilatation due to dialysis  
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Ehlerding G et al   
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Complement activation during haemodialysis 

Poppelaars  et al FrontImmunol 2018

Cardiac MRI during haemodialysis 

Dasselaar  et al NDT 2009

Plasma refill  
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Cardiac MRI during haemodialysis 

Dasselaar  et al NDT 2009

Cardiac MRI during haemodialysis 

Dasselaar  et al NDT 2009

Plasma refill rate

Patient
Tissue hydration
Regional blood flow
Venous compliance
Plasma Osmolality
Vasoactive agents
Eating, Body position

Dialysis
UF rate / volume
Dial Temp
Buffer
Dial  Osmolality

Ultrafiltration profiles 
Donauer et al Am J Kidney Dis  2000

Hypotension
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Active feed back systems
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Maintaining arterial tonicity 

cold stress
medications

medications

Modality or cooling – which is better ?
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standard (cold) HF
cold hemodialysis

warm HF
standard (warm)  hemodialysis

Maggiore Q, Pizzarelli F, Sisca S, Zoccali C, Parlongo S, Nicolò F, Creazzo G. Blood temperature
and vascular stability during hemodialysis and hemofiltration. ASAIO Trans 1982;28:523-7
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Intra-dialytic hypotension
Rootjes et al Kid Int Reports 2022

Temp
36.5ºC

S-HD
LV-HDF  15 L
HV-HDF ≥22 L

35.5ºC
C-HD

Thermal energy balance and dialysis 

modality Change core
Temp °C

Energy
Transfer W

Max change
MAP mmHg

Change
RBV %

HD
37.5 C

0.38 ±0.22 -3.53 ±6.4 -25.6 ±13.5 -7.3 ±5.0

HD 
35.5 °C

0.0 ±0.29 -26.6 ±5.3 -15.1 ±13.8 -9.8 ±4.8

HDF
1.0 L/h
37.5 °C

0.29 ±0.23 -15.9 ±6.9 -23.0 ±14.0 -9.1 ±6.1

HDF
2.5 L/h
37.5 °C

-0.1 ±0.40 -25.3 ±7.9 -19.2 ±17.7 -9.8 ±6.5

VanderSande et al  JASN2001

Effect of dialysate sodium on 
slope RBV with UF

Na 140

Na 145

Na 136

UF recovery

The importance of serum sodium 

Osmotic or oncotic equivalents 

o Change in serum Na 1.0 mmol/L

o Urea 6 mg/dL (2 mmol/L)
o Serum protein 10 g/dL
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Changing Dialysate Sodium
Ebrahimi et al  TherAphDial 2017

Na138
37oC

Na138
35oC

Na150/138
37oC

Na150/138
35oCSBP15 min 

pre

60 min 

120 min 

180 min 

15 min 
post

Aiming for no change in serum sodium 

DePaula et al  KidInt 2004

concept – isonatric dialysis

o Pre HD Na ≈ post HD Na

o Dialysate Na = AvSeNa x 0.95

o Reduced IDWt gain
o 2.9±0.3 to 2.3±0.9 kg (% 4.7±1.2 to 3.8±1.0

o Reduced IDH
o 9% to 2%

Dialysate sodium profiling
“isonatric dialysis” 

Coli et al  IntJArtifOrgans 2003
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Dialysate sodium profiling
“isonatric dialysis” 

Coli et al  IntJArtifOrgans 2003
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Hypotension in pts with AKI

CRRT  Haemodialysis
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Do other electrolytes matter ? 

Changes in serum potassium 

Buemi et al  NDT 2005

Corrected QTc adjusted for K+

Time min

Plasma K

Dial K = 2
Variable Dial K 
Start SeK -1
End    SeK -2

DialK=2

Variable DialK

Changes in serum potassium and bicarbonate 

Heguilen et al  NDT 2005

60

Plasma K

Dialysate K =2.0
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Changing dialysate bicarbonate
Gabutti et al NDT 2009

Mean diff 4.7 mmHg p<0.05

Bic 32-35

Bic 26-29

Acetate Free biofiltration – bicarbonate
Tessitore  et al  Blood Purif  2012

HD bic 30-34 Ac 4-6

AFB NaBic 145-167

Acetete vs Citrate haemodialysis 
Gabutti  et al BMCNephrol  2009

HD Na 138 K 2 Ac 3.0
HD Na 138 K 2 Ac 0.3 Citrate 0.8

HD Na 138 K 2 Ac 3.0

HD Na 138 K 2 Ac 0.3 Citrate 0.8
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Acetete vs Citrate haemodialysis 
Gabutti  et al BMCNephrol  2009

HD Na 138 K 2 Ac 3.0
HD Na 138 K 2 Ac 0.3 Citrate 0.8

Ca 1.25-1.50

Ca 1.50-1.75

Ca 1.25-1.50
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Acetate Free dialysis modes – citrate
Kosmadakis  et al NephrolTher 2017
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Acetate Free dialysis modes
Kosmadakis  et al NephrolTher 2017
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Changing dialysate calcium 
Gabutti et al NDT 2009

Ca 1.25

Ca 1.50

Mean diff 5.6 mmHg p<0.05

dialysate calcium profiling 
Kyriazis et al KidInt 2002

Ca 1.25

Ca 1.5

Ca 1.75/1.25

Pre-HD End-HDMid-HD
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Changing dialysate magnesium 
Kyriazis et al KidInt 2004

Time Time

Mg 0.25
Mg 0.50

Mg 0.75

Ca 1.25

Changing dialysate magnesium 
Kyriazis et al KidInt 2004

Mg 0.75 Ca 1.75
Mg 0.75 
Ca 1.25 

Mg 0.25 Ca 1.75

Mg 0.25 Ca 1.25

Time 
Time hours

How can we reduce intra-dialytic hypotension ?

o reduce intra-dialytic weight gains
o regular review target weight
o maintain plasma tonicity

o Dialysate
 higher dialysate sodium
 thermal energy loss/predilution HDF
 acetate free biofiltration/lower bicarbonate
 potassium/calcium/magnesium


