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THE DIALYSIS CYCLE

/TIME



DESIGN OF THE NATIONAL 
COOPERATIVE DIALYSIS STUDY



REVISED NCDS RESULTS 
EXPRESSED AS Kt/V

MORBIDITY, NOT MORTALITY



COMPARATIVE MORTALITY 
RATES



IMPLICATION OF US DIALYSIS 
MORTALITY RATE



IMPLICATION OF US DIALYSIS 
MORTALITY RATE



TASSIN EXPERIENCE



Kt/V AND MORTALITY



Kt/V & RISK OF MORTALITY

1.



Kt/V & MORTALITY: MINNESOTA 
EXPERIENCE



CHANGING TRENDS IN 
THERAPY



CHANGING TRENDS IN 
THERAPY



CHANGING TRENDS IN 
THERAPY



CHANGING TRENDS IN 
THERAPY





MEMBRANE FLUX: A POTENTIAL 
CONFOUNDING VARIABLE

• CHANGES IN Kt/V WERE IN PART ACCOMPLISHED 
BY USE OF HFM

• POTENTIAL BENEFITS OF HFM
– IMPROVED PROTEIN CATABOLIC RATE
– IMPROVED TG METABOLISM
– IMPROVED EPO RESPONSE
– IMPROVED BETA2-MICROGLOBULIN REMOVAL

• HOWEVER, BECAUSE OF LOW TD, THE FULL EFFECT 
OF HFM IS NOT EVIDENT.  REMOVAL OF HIGH MW 
SUBSTANCES ARE ALSO TIME DEPENDENT.



INFLUENCE  OF DOSE AND DIALYZER 
CHOICE ON NUTRITION

nPCR

Low Kt/v & Cellulosic

High Ktt/V, Synthetic

High Kt/V, Cellulosic

GOAL: HEMO-Kt/V>1.2
PD-Kt/V>2.1(week)

DIALYSIS DOSE



ADEQUACY AND NUTRITIONAL 
STATUS



ADEQUACY AND ALBUMIN 
LEVEL



HEMODIALYSIS TIME: THE 
UNRESOLVED PARAMETER

• KD IS A MERE TECHNICAL ISSUE
• MINIMUM T D HAS ITS BASIS ROOTED IN 

PHYSIOLOGY
• SHORT TIME MAKES HEMODIALYSIS 

UNFORGIVING:

• EXCEPT FOR TASSIN, NO MODERN STUDIES HAS 
EXAMINED LONG (>5 HOURS) TIME AND 
OUTCOME



THE NCDS POPULATION



FACTORS RELATED TO DIALYSIS 
ADEQUACY

• HEMODIALYSIS 
RELATED FACTORS 
– DOSE

• LOW MW SOLUTES
• HIGH MW SOLUTES
• DIALYSIS TIME

• MEMBRANE
– FLUX
– BIOCOMPATIBILTY
– REUSE

• PATIENT RELATED 
FACTORS
– NUTRITION
– ACIDOSIS
– CA x P
– BLOOD PRESSURE
– LIPIDS
– CARDIOVASCULAR 

MORBIDITY
– INFLAMMATION



ALTERNATIVES FOR THE HEMO 
STUDY



THE HEMODIALYSIS (HEMO) 
STUDY

AN NIH-NIDDK SPONSORED 
RANDOMIZED, MULTI-CENTER 

CLINICAL TRIAL



THE CHOICE:                
OBJECTIVES OF THE HEMO STUDY                                   

In patients undergoing 3x/week maintenance 
hemodialysis, to determine whether

higher dose, or
high-flux membrane

affect
mortality (primary outcome), or 
morbidity (secondary outcome)



DOUBLE POOL KINETICS



THE RATE EQUATION



RATE EQUATION AS A 
FUNCTION OF TIME 



RELATIONSHIP OF Kt/VSP TO Kt/VDP AND AS A 
FUNCTION OF REBOUND



THE DIALYSIS CYCLE

/TIME



Standard Dose
Low Flux

High Dose
High Flux

High Dose
Low Flux

Standard Dose
High Flux

Standard dose
eKt/V = 1.05
spKt/V ≈≈≈≈ 1.25
URR ≈≈≈≈ 65%

High dose
eKt/V = 1.45
spKt/V ≈≈≈≈ 1.65
URR ≈≈≈≈ 75%

Dose



Flux

Low-flux dialyzers:   ββββ2M clearance < 10 ml/min

High-flux dialyzers:   ββββ2M clearance > 20 ml/min

Standard Dose
Low Flux

High Dose
High Flux

High Dose
Low Flux

Standard Dose
High Flux

Flux
comparison



Time to Death by Kt/V Group



Time to Death by Flux Group



Interactions of Treatments with 
Baseline Characteristics

Did treatment effects differ between
subgroups for seven pre-specified
baseline factors?

Age Years of dialysis
Gender Comorbidity
Race Albumin
Diabetes



Predictors of Mortality by Cox Regression

<0.001(0.43, 0.62)0.51
Baseline serum albumin 
(per 0.5 g/dL increment)

Model also includes 2 other sig. variables: ICED, albumin x time
Analysis stratified by clinical center

<0.001(1.02, 1.06)1.04Years of dialysis

<0.001(1.06, 1.45)1.24Diabetes

0.001(0.65, 0.89)0.76Race (African American)

0.03(0.74, 0.99)0.86Gender (female)

<0.001(1.35, 1.54)1.44Age (per 10 yrs increase)

0.24(0.81, 1.06)0.92High flux

0.52(0.84, 1.09)0.96High dose

p-value
95%

Confidence
Relative

Risk
Predictor Variable



Time to Death by Kt/V Group 
Females (484 Deaths)



Time to Death by Flux Group
Duration of Dialysis > 3.7 Years (298 Deaths)



HEMO STUDY SUMMARY 

1)   THE HIGHER DOSE OF HEMODIALYSIS THRICE     
WEEKLY DID NOT:

IMPROVE SURVIVAL,
REDUCE HOSPITALIZATIONS, OR
MAINTAIN SERUM ALBUMIN

2) USE OF A HIGH FLUX MEMBRANE
DID NOT:

IMPROVE SURVIVAL,
REDUCE HOSPITALIZATIONS, OR
MAINTAIN SERUM ALBUMIN 



HEMO STUDY SUMMARY 

3) HOWEVER, EFFECTS MAY VARY AMONG 
CERTAIN SUBSETS OF PATIENTS:

A)  IN WOMEN, THE HIGHER DOSE OF DIALYSIS 
MAY BE ASSOCIATED WITH INCREASED SURVIVAL

B)  IN PATIENTS WITH > 3.7 YEARS ON DIALYSIS, USE OF 
A HIGH FLUX MEMBRANE MAY BE ASSOCIATED 
WITH INCREASED SURVIVAL

C)  THE RESULTS ON THESE SUBSETS SHOULD BE 
INTERPRETED CAUTIOUSLY AND BE FURTHER 
INVESTIGATED



ARE WE CONFOUNDING DETERMINATION OF 
ADEQUACY BY THE USE OF Kt/V?

Kt/V  Kt/V  
Kt= AMOUNT OF DIALYSIS, AKt= AMOUNT OF DIALYSIS, A
GOOD THINGGOOD THING
V= VOLUME~WEIGHT~MUSCLEV= VOLUME~WEIGHT~MUSCLE
MASS, A GOOD THINGMASS, A GOOD THING

A GOOD THING/A GOOD THINGA GOOD THING/A GOOD THING



UREA VOLUME AND SURVIVAL

45L
25L

55L

RELATIVE RISK OF DEATH



MINEFIELDS AVOIDED BY THE 
HEMO STUDY

• DESPITE ITS LENGTH, WE AVOIDED BEING ECLIPSED BY 
CHANGES IN COMMUNITY PRACTICE PATTERNS
– TD, QB, QD SIMILAR TO USRDS
– MEMBRANES SIMILAR
– STANDARD LEVEL Kt/V DELIVERED WAS BETTER OR EQUAL TO 

COMMUNITY PRACTICE THROUGHOUT THE STUDY.  THE 
COMMUNITY RECOMMENDATIONS EXCEEDED HEMO STANDARD 
Kt/V FOR ONLY A SHORT TIME

• DOSE AND FLUX GOALS ACHIEVED
• MORTALITY NOT OVERESTIMATED
• ADEQUATELY POWERED
• WHAT WAS PILOTED ISIS WHAT WAS STUDIED



WHY THE HEMO STUDY WAS 
NEEDED   

• RAPIDLY GROWING ESRD POPULATION
– 10 %/YEAR GROWTH RATE, COSTING $BILLIONS
– WORSENING COMORBIDITY
– MAJORITY TREATED BY HEMODIALYSIS

• US ANNUAL GROSS MORTALITY OF 21-23%
• OBSERVATIONAL AND CORRELATIONAL STUDIES 

DEMONSTRATING IMPROVED SURVIVAL FOLLOWING 
TREATMENT CHANGES
– HIGHER DOSE AS MEASURED BY  Kt/V OR URR
– BIOCOMPATIBLE MEMBRANES
– REMOVAL OF HIGH MW SUBSTANCES (FLUX)



IMPLICATIONS OF THE HEMO 
STUDY

ADAPTED FROM MUJAIS; ADEMEX STUDY



PLACES TO GO NEXT

ADAPTED FROM MUJAIS; ADEMEX STUDY



LARGE MOLECULE REBOUND



MEMBRANE FLUX: A POTENTIAL 
CONFOUNDING VARIABLE

• CHANGES IN Kt/V WERE IN PART ACCOMPLISHED 
BY USE OF HFM

• POTENTIAL BENEFITS OF HFM
– IMPROVED PROTEIN CATABOLIC RATE
– IMPROVED TG METABOLISM
– IMPROVED EPO RESPONSE
– IMPROVED BETA2-MICROGLOBULIN REMOVAL

• HOWEVER, BECAUSE OF LOW TD, THE FULL EFFECT 
OF HFM IS NOT EVIDENT:REMOVAL OF HIGH MW 
SUBSTANCES ARE ALSO TIME DEPENDENT-
LONGER TIMES ARE NECESSARY TO SHOW 
BENEFITS OF HFM



HEMODIALYSIS TIME: THE 
UNRESOLVED PARAMETER

• KD IS A MERE TECHNICAL ISSUE
• MINIMUM T D HAS ITS BASIS ROOTED IN 

PHYSIOLOGY
• SHORT TIME MAKES HEMODIALYSIS 

UNFORGIVING:

• EXCEPT FOR TASSIN, NO MODERN STUDIES HAS 
EXAMINED LONG (>5 HOURS) TIME AND 
OUTCOME



POTENTIAL PARAMETERS TO 
CONSIDER WITH NOCTURNAL 

AND DAILY HD



FACTORS THAT MAY INFLUENCE 
MORBIDITY AND SURVIVAL ON 

HEMODIALYSIS
• MEMBRANES: SYNTHETIC, FLUX

• DIALYSATE: SODIUM, BICARBONATE

• PHOSPHATE, Ca x P, Ca

• EPO

• DIALYSIS KINETICS

• DIALYSIS TIME

• NUTRITION

ALTERNATE
DIALYSIS 
SCHEDULES



ISSUES TO BE CONSIDERED

•• DEFINTIONS OF THE MODALITIESDEFINTIONS OF THE MODALITIES
• INDIVIDUAL STUDIES OF EACH OF THE 

MODALITIES

• DAILY HEMODIALYSIS vs NOCTURNAL 
HEMODIALYSIS



ALTERNATIVES TO STANDARD 
HEMODIALSIS TREATMENTS

• SLOW LONG-DURATION HEMODIALYSIS
– THRICE WEEKLY; BIOINCOMPATIBLE MEMBRANE; 6-

8 HOURS; QB= 200-220 mL/min; Kt/V>1.8

• SHORT DURATION DAILY DIALYSIS
– 5-6 TIMES EACH WEEK; HIGH FLUX BIOCOMPATIBLE 

MEMBRANE ; 1.5-2.5 HOURS; QB>400 mL/min; Kt/V-.2-.8

• NOCTURNAL HEMODIALYSIS
– 5-7 TIMES EACH WEEK; BIOCOMPATIBLE 

MEMBRANE; 6-8 HOURS; QB= 250-300 mL/min; K-0.9-1.2



1. Adapted from1. Adapted from Block GA, et al. Block GA, et al. Am J Kidney Dis.Am J Kidney Dis. 1998;31:6071998;31:607--617.617.

Elevated Serum Phosphorus 

Increases Mortality Risk1

**PP=0.03  =0.03  ****PP<0.0001  (n=6407)<0.0001  (n=6407)
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Serum Phosphorus Quintile (mg/dL)Serum Phosphorus Quintile (mg/dL)

1.001.00 1.001.00 1.021.02

1.18*1.18*

1.39**1.39**

US PTS 
39%> 6.5



SERUM PHOSPHORUS DURING 
DIALYSIS



NOCTURNAL HD AND  
PHOSPHATE CONTROL
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DIETARY PHOSPHATE INTAKE: 
CONVENTIONAL vs NOCTURNAL HD
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CONVENTIONAL HD vs NOCTURNAL 
HD: PHOSPHATE CONTROL

• PHOSPHATE LEVELS
– 2.1 mmol/L (~6 mg/dL) DECREASED TO 1.3 

mmol/L (~3.9 mg/dL) WITH THE START OF 
NOCTURNAL HD

• BY THE 4th MONTH OF NOCTURNAL HD, 
NONE OF THE PATIENTS WERE USING 
PHOSPHATE BINDERS

KI 1998; 53:1399-1404



NOCTURNAL vs DAILY SHORT 
HEMODIALYSIS

• NOCTURNAL HD
– LONG TREATMENTS

– PHOSHATE CONTROL 
IMPROVED

– BLOOD PRESSURE 
CONTROL IMPROVED

– ALBUMIN IMPROVED

– HOME THERAPY

• DAILY SHORT HD
– SHORT TREATMENTS

– PHOSPHATE CONTROL  NOT 
IMPROVED

– BLOOD PRESSURE CONTROL 
IMPROVED 

– ALBUMIN IMPROVED

– HOME OR IN-CENTER THERAPY



PRINCIPLE BEHIND THE USE OF 
STANDARD Kt/V

•UREA IS REMOVED IN A MORE EFFICIENT 
MANNER AT THE SAME WEEKLY KT/V AS YOU 
INCREASE DIALYSIS FREQUENCY. 

•REMOVAL OF LESS DIFFUSIBLE SOLUTES IS 
EVEN MORE EFFICIENT AT THE SAME 
WEEKLY KT/V. 



STATUS OF DAILY DIALYSIS

• NO PROSPECTIVE  STUDIES OF INCIDENT 
PATIENTS

• PATIENT SELECTION IS NOT RANDOM

• PATIENTS NUMBER IN THE 100’S

• NO STANDARDIZATION OF REGIMENS

• NO OUTCOME STUDIES

• NOCTURNAL vs DAILY

• ACCESS FUNCTION NOT COMPROMISED



THE DIALYSIS CYCLE

/TIME



THE EFFECT OF FREQUENCY ON 
WEEKLY Kt/V

As you increase the frequency, on the x axis here, and maintain the same 
time average BUN, the need for dialysis diminishes, the dose of dialysis 
expressed on a weekly basis is less. 



RATIONALE FOR USING THE 
STANDARD Kt/V

DEPNER



STANDARD Kt/V

FOR A CONTINUOUS THERAPY, PEAK=MEAN



CONTINUOUS VS 
INTERMITTENT THERAPY



STANDARD WEEKLY Kt/V MODEL

-CAPD -IHD -SDHD -NHHD



RELATIONSHIP BETWEEN 
WEEKLY AND STANDARD Kt/V

3.7-4.25.0-6.0NOCTURNAL

HEMODIALYSIS

2.7-3.23.5-4.5SHORT DAILY

DIALYSIS

STANDARD 

Kt/V

WEEKLY Kt/VMODALITY

LEYPOLDT, SEMINAR DIAL, 2004



SUMMARY AND CONCLUSIONS
• MULTIPLE LINES OF EVIDENCE SUGGEST 

DAILY TREATMENTS IMPROVE:
– ADEQUACY

– BLOOD PRESSURE CONTROL

– HOSPITALIZTION RATE 

– NUTRITION

• TRIALS OF THE MODALITIES ARE REQUIRED

• NOCTURNAL HD NEEDS TO BE INCLUDED IN 
SUCH TRIALS 
– LACSON AND DIAZ BUXO:NHD FIRST, DHD 

SUBSEQUENTLY AM J KIDNEY DISEASE 2001; 38:225-230



STANDARD Kt/V: A CONTINUOUS 
CLEARANCE EQUIVALENT

DEPNER



PLACES TO GO NEXT

DAILY/NOCTURNAL TREATMENT REGIMENS



THE REAL KEY TREATMENT 
VARIABLE

AFTER DR. C RONCO



THE EYE OF GOD


