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What is Adequacy?  

• Adequacy is from a Latin adaequare : to equalize

• To cleanse blood and biological fluids to a degree 
comparable to normal renal function
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Adequacy in Hemodialysis

Clinical

• Nutrition

• Control of anemia, acidosis

• Control of bone disease

• BP control

• Relief of uremic symptoms 

• Quality of Life 
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Adequacy in Hemodialysis
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Dialysis Studies 
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Dialysis Studies 

• National Cooperative Dialysis Study (NCDS) in 
1981 compared post dialysis urea level (low vs 
high) and duration of dialysis ( 3 vs 4.5 hours)

• Sargent & Gotach then established that urea 
kinetic modelling as the accepted method of 
measuring solute clearance after

• They suggested a minimal dose of dialysis is 
required and concluded that patient morbidity 
and treatment failure are related to dialysis 
dose
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Dialysis Dose Monitoring 
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• Numerous outcome studies have shown a correlation between delivered 
dose of HD and patient mortality and morbidity 

• To ensure that patients receive adequate treatments, delivered dose of 
dialysis must be measured

• Clinical signs and symptoms alone are not reliable indicators of dialysis 
adequacy



Dialysis Dose Monitoring 

• Urea is commonly used as the marker of small 
molecules

• Recommended biochemical indices of dialysis 
includes 

1. KT/V

2. Urea Reduction Ratio (URR) 
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Urea Reduction Ratio (URR)

Mr Lim’s pre dialysis urea is 60 mg/dL and his post 
dialysis urea is 18 mg/dL. 

Calculate Mr Lim’s Urea Reduction Ratio (URR)

• Pre Dialysis Urea – Post Dialysis Urea divided by 
Pre Dialysis Urea multiply by 100

Hence(60 − 18)/60 = 42/60 X100 = 70%
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Urea Reduction Ratio (URR)

• URR stands for urea reduction ratio, meaning 
the reduction in urea as a result of dialysis 

• The URR is one measure of how effectively a 
dialysis treatment removes waste products 
from the body and is commonly expressed as a 
percentage
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Urea Reduction Ratio (URR)

• KDOQI HD Adequacy Guideline:2006 

Incorporate URR into the guideline

spKt/V 1.2=URR 65%/ spKt/V 1.4=URR 70% 

• Limitation 

Does not account for the contribution of UF 
to dialysis dose
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Blood Urea Sampling Methods

• Blood urea sampling methods 

1. Slow Flow Method 

2. Stop Dialysis Flow Method 

• Pre & Post HD (during the same session)

• Before a mid-week HD session

• Once every 1-3 months
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Blood Urea Sampling Methods

Slow Flow Method 

• Set UF Rate to 0

• At the end of the dialysis time turn the blood 
pump speed down to 100 ml per min

• Override alarms to keep blood pump operating.

• Wait 15–30 seconds and take samples from the 
“arterial” line sampling port
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Blood Urea Sampling Methods

Stop Dialysis Flow Method

• At the end of the dialysis time stop dialysate flow 
but keep the blood pump running

• After 5 minutes with no dialysate flow take a 
blood sample from anywhere in the blood circuit
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Kt/V

• In 1985, Sargent & Gotach proposed a 
mathematical model  called Kt/V to quantify 
dialysis  dose and dialytic removal of urea 

• It’s a measurement of solute removal during 
dialysis

• What does these alphabets represent?
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Kt/V

Where 

• K = dialyzer urea clearance (L/h or ml/min)

• t  = time (h or min)

• V = distribution volume of urea (L or ml)
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Volume of plasma cleared of urea

Total body water



Kt/V

• Small-solute clearance is currently considered 
the best measure of adequacy

• Kt/V is the fractional urea clearance

• A dimensionless ratio (no units) 

• The most precise and tested measure of the 
dialyzer effect on patient survival 

• Most frequently applied measure of the 
delivered dialysis dose
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Kt/V 

Newer methods of Kt/V monitoring 

• Online Clearance Methods (OCM)

• Using conductivity variations

• Hemodialysis machines are equipped with 
monitoring KT/V

• Without the need of additional laboratory test

• Not been validated in large scale studies

• Useful for monitoring and guiding initial 
prescription but will still require calculated KT/V or 
URR
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Kt/V Targets 

KDOQI  HD Adequacy Guidelines 2015

Guideline 3: Measurement of Dialysis: Urea Kinetics 

3.1 We recommend a target single pool Kt/V (spKt/V) of 
1.4 per hemodialysis session for patients treated thrice 
weekly, with a minimum delivered spKt/V of 1.2. (1B)
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Kt/V Targets 
National Cooperative Dialysis Study (NCDS)

• Established that patients dialysed to a low average weekly blood 
urea level fared better than those whose dialysis was less intense 
and whose average urea levels were higher

Gotch and Sargent 

• Introduced the concept of Kt/V

• Based on the NCDS study they found that a Kt/V of less than 1.0 
is associated with increased mortality in dialysis patients 

• Did not demonstrate any benefit from increasing the Kt/V beyond 

• If we accept a Kt/V of 1.0 (URR 60%) as a minimum standard, we 
should target a Kt/V of 1.2 (URR 65%) to ensure that this 
minimum is achieved 
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Kt/V Targets 

HEMO study (2002)

• Conducted in the US, examined whether 
increasing the dialysis dose improved mortality 
as well as examining the difference in mortality 
of low- and high-flux membranes

• They found that neither an increased dose 
beyond spKt/V of 1.32 nor the use of high flux 
membrane substantially improve survival 
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Kt/V 

• Possible Causes of low Kt/V
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FMC, Online Clearance Monitoring Assuring the Desired Dose of Dialysis

Access 
recirculation 

• Low blood flow
• Low dialysate flow
• Inadequate dialyzer performance
• Machine programmed incorrectly



Kt/V 

Ways to improve Kt/V:

Address the prescription 

• Increase blood flow rates 

• Increase dialysate flow rates 

• Better dialyzer clearance

• Increase dialysis time 

• Increase dialysis frequency

• Increase needle size

• Ensuring adequate anticoagulation 
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Kt/V 

Needle Size & Blood Flow Rates 
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Clinical update: Needles and cannulas for arteriovenous fistula access: More options promote better 
outcomes, National Kidney Foundation, 2016



Dialysers

KDOQI  HD Adequacy Guidelines 2015

Guideline 5.1 

We recommend the use of biocompatible, either high 
or low flux hemodialysis membranes for intermittent 
hemodialysis. (1B)

26



Frequent In Center Dialysis
Guideline 2:
Frequent and Long Duration Hemodialysis In-center 
2.1 We suggest that patients with end-stage kidney disease be 
offered in-center short frequent hemodialysis as an 
alternative to conventional in-center thrice weekly 
hemodialysis after considering individual patient preferences, 
the potential quality of life and physiological benefits, and the 
risks of these therapies. (2C)

2.2 We recommend that patients considering in-center short 
frequent hemodialysis be informed about the risks of this 
therapy, including a possible increase in vascular access 
procedures (1B) and the potential for hypotension during 
dialysis. (1C) 
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Frequent In Center Dialysis
• Statements are based on the FHN trial 

• Two co-primary outcomes were compared
1. Composite of death or change in left ventricular mass
2. Death or health-related quality of life, as well as 9 

prespecified secondary surrogate outcomes

28



Frequent In Center Dialysis

• Frequent hemodialysis, as compared with 
conventional hemodialysis, was associated 
with favorable results 

• However was found to have more frequent 
interventions related to vascular access 
needed
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