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Annual mortality from CVD is 20 X higher for those with ESRD

Complications Of  UremiaComplications Of  Uremia

•• AnemiaAnemia

•• Bleeding disordersBleeding disorders

•• Metabolic Acidosis / Metabolic Acidosis / 
electrolyte disorderselectrolyte disorders

•• Peripheral NeuropathyPeripheral Neuropathy

•• Restless Legs Restless Legs 
SyndromeSyndrome

•• CNS Toxicity CNS Toxicity 

•• Sleep DisordersSleep Disorders

•• ImpotencyImpotency

•• AmenorrheaAmenorrhea

•• Abnormal LipidsAbnormal Lipids

•• Vascular disease Vascular disease 

•• PericarditisPericarditis

•• HypertensionHypertension

•• HyperparathyroidismHyperparathyroidism

•• Bone diseaseBone disease

•• Gastritis/ColitisGastritis/Colitis

•• ConstipationConstipation

•• Pseudogout / Pseudogout / 
PeriarteritisPeriarteritis

•• HyperpigmentationHyperpigmentation

•• PruritusPruritus
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Dialysis GoalsDialysis Goals
•• Remove all toxins and correct Remove all toxins and correct 

electrolyte abnormalitieselectrolyte abnormalities

•• Remove excess waterRemove excess water

•• Correct alterations in acid/base balanceCorrect alterations in acid/base balance

•• Accomplish tasks without unnatural Accomplish tasks without unnatural 
oscillations in electrolyte, and fluid oscillations in electrolyte, and fluid 
balance, and without increasing balance, and without increasing 
inflammationinflammation

•• Minimally interfere in patientMinimally interfere in patient’’s livess lives
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•• Minimally interfere in patientMinimally interfere in patient’’s livess lives

Keep people healthy

UnUnphysiology of  3x/wk Dialysisphysiology of  3x/wk Dialysis
Carl Kjellstrand, MDCarl Kjellstrand, MD

•• Hemodynamic instabilityHemodynamic instability

•• Electrolyte and acid/base abnormalitiesElectrolyte and acid/base abnormalities

•• AnemiaAnemia

•• Bone diseaseBone disease

•• Sleep disordersSleep disorders

•• Poor appetite / malnutritionPoor appetite / malnutrition

•• Neuropathies / restless legsNeuropathies / restless legs

•• Decreased quality of lifeDecreased quality of life
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UnUnphysiology of  Dialysisphysiology of  Dialysis

•• Cardiovascular DiseaseCardiovascular Disease
•• AnemiaAnemia
•• HypertensionHypertension
•• HypotensionHypotension
•• InflammationInflammation
•• HyperphosphatemiaHyperphosphatemia

3x/week dialysis3x/week dialysis
Rapid Fluid and Electrolyte ShiftsRapid Fluid and Electrolyte Shifts

•• CrampingCramping

•• HeadachesHeadaches

•• Nausea and vomitingNausea and vomiting

•• Drops in BPDrops in BP

•• Feeling washed outFeeling washed out

•• ArrhythmiasArrhythmias

Conventional 3x/weekConventional 3x/week
HemodialysisHemodialysis

What can change ?What can change ?

••Frequency of dialysisFrequency of dialysis

••Length of dialysisLength of dialysis

••Method of dialysisMethod of dialysis

••Dialysis settingDialysis setting

••TechnologyTechnology
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OptionsOptions

•• Home daily/frequent hemodialysisHome daily/frequent hemodialysis

•• Home nocturnal hemodialysisHome nocturnal hemodialysis

•• Home conventional hemodialysisHome conventional hemodialysis

•• Incenter daily/frequent hemodialysisIncenter daily/frequent hemodialysis

•• Incenter nocturnal hemodialysisIncenter nocturnal hemodialysis

•• Incenter conventional hemodialysisIncenter conventional hemodialysis

•• Peritoneal dialysis Peritoneal dialysis 
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ESRD and Mortality from CVDESRD and Mortality from CVD
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UnUnphysiology of  Dialysisphysiology of  Dialysis

•• Cardiovascular DiseaseCardiovascular Disease
•• AnemiaAnemia
•• HypertensionHypertension
•• HypotensionHypotension
•• InflammationInflammation
•• HyperphosphatemiaHyperphosphatemia

#1 cause of morbidity and #1 cause of morbidity and 
mortalitymortality

Mean Arterial Blood Pressure DuringMean Arterial Blood Pressure During
Nocturnal HD and Conventional HDNocturnal HD and Conventional HD
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Systolic BP Systolic BP ––
Daily vs 3x/wk DialysisDaily vs 3x/wk Dialysis
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 3xwk (CHD) 6x/wk(DHD)

120

125

130

135

140

145

1 2 3 4 5 6 7 8

Systolic BP Systolic BP --PredialysisPredialysis

mm Hg

Week of study

Regular Daily
P=0.016

CP1028391-17Williams et al, 2004

MAP PreMAP Pre--dialysisdialysis
DHD DHD –– NHD NHD -- CHDCHD

Nesrallah et al, Am J Kid Dis,  2003Nesrallah et al, Am J Kid Dis,  2003

* P<0.05
vs CHD

Antihypertensives used mg/d Antihypertensives used mg/d 
DHD DHD –– NHD NHD -- CHDCHD

Nesrallah et al, Am J Kid Dis,  2003Nesrallah et al, Am J Kid Dis,  2003
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Weights PreWeights Pre-- and Postand Post--Hemodialysis in Patients onHemodialysis in Patients on
Conventional Hemodialysis and on Conventional Hemodialysis and on 

Nocturnal HemodialysisNocturnal Hemodialysis
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27% of treatments 18% of treatments

P = 0.012

Williams, et al. 2004

Symptoms during dialysisSymptoms during dialysis

0.0380.0380%0%1.2%1.2%HTNHTN

0.0190.0190.4%0.4%3%3%ChillsChills

<0.0001<0.00012%2%9%9%CrampsCramps

PP6x/wk6x/wk3x/wk3x/wk

Less symptoms on daily dialysis
Williams et al, 2004
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Frequent HemodialysisFrequent Hemodialysis
Hemodynamic ParametersHemodynamic Parameters

•• Improved BP control with less Improved BP control with less 
antihypertensivesantihypertensives

•• Achieved  Achieved  ““dry weightdry weight””

•• Decreased intraDecreased intra-- and interand inter--dialytic dialytic 
weight changesweight changes

•• Decrease in intraDecrease in intra-- and interand inter--dialytic dialytic 
hypotensionhypotension

•• Decrease in intraDecrease in intra-- and interand inter--dialytic dialytic 
symptomssymptoms

Association between CKD and Association between CKD and 
CVDCVD

432 patients starting   432 patients starting   
dialysisdialysis

•• 16% systolic     16% systolic     
dysfunctiondysfunction

•• 41% concentric 41% concentric 
LVHLVH

•• 28% LV dilation28% LV dilation

•• 84% abnormal ECG84% abnormal ECG

Survival  if present at Survival  if present at 
baselinebaseline

38 months38 months

48 months48 months

56 months                  56 months                  

Parfrey, PS. Et al. Nephrol Dial Transplant, 1996

Association between CKD and Association between CKD and 
CVDCVD

•• 16% 16% systolic systolic 
dysfunctiondysfunction

•• 41% concentric 41% concentric LVHLVH

•• 28% 28% LV dilationLV dilation

Increased risk of Increased risk of 
Symptomatic Heart Symptomatic Heart 

FailureFailure

Independent Predictor Independent Predictor 
of Deathof Death

Parfrey, PS. Et al. Nephrol Dial Transplant, 1996
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Frequent HemodialysisFrequent Hemodialysis
Cardiovascular ImprovementsCardiovascular Improvements

•• Near normalization of LV massNear normalization of LV mass
(Buoncristiani et al, 1999,  Chan et al, 2001, Woods et al, (Buoncristiani et al, 1999,  Chan et al, 2001, Woods et al, 2000)2000)

•• Improvement in LV functionImprovement in LV function
(Chan et al, 20(Chan et al, 2001, Woods et al, 2000)01, Woods et al, 2000)

•• Lower mean homocysteine Lower mean homocysteine (P=0.001)(P=0.001)

(Friedman et al, 2002)(Friedman et al, 2002)

•• Lower BNP levelsLower BNP levels
(Goldfarb(Goldfarb--Rumyantzev, A. , et al. 2006)Rumyantzev, A. , et al. 2006)

UnUnphysiology of  Dialysisphysiology of  Dialysis

•• Cardiovascular DiseaseCardiovascular Disease
•• AnemiaAnemia
•• HypertensionHypertension
•• HypotensionHypotension
•• InflammationInflammation
•• HyperphosphatemiaHyperphosphatemia

#1 cause of morbidity and #1 cause of morbidity and 
mortalitymortality

Frequent HemodialysisFrequent Hemodialysis
AnemiaAnemia

•• Increase in hemoglobinIncrease in hemoglobin

•• Decrease in iron stores Decrease in iron stores 
•• require iron supplements  IVrequire iron supplements  IV

•• Decrease in EPO requirementDecrease in EPO requirement

UnUnphysiology of  Dialysisphysiology of  Dialysis

•• Cardiovascular DiseaseCardiovascular Disease
•• AnemiaAnemia
•• HypertensionHypertension
•• HypotensionHypotension
•• InflammationInflammation
•• HyperphosphatemiaHyperphosphatemia

#1 cause of morbidity and mortality#1 cause of morbidity and mortality
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CKD/ESRD effects on CVD Risk FactorsCKD/ESRD effects on CVD Risk Factors
InflammationInflammation

•• Stage 5 CKD Stage 5 CKD –– increased proincreased pro--
inflammatory cytokinesinflammatory cytokines

•• Increased Increased CRPCRP levelslevels
•• Increased oxidative stressIncreased oxidative stress
•• Decreased clearance of proDecreased clearance of pro--

inflammatory substancesinflammatory substances

Associated with 
CV mortality 
and morbidity

CKD/ESRD effects on CVD Risk FactorsCKD/ESRD effects on CVD Risk Factors
InflammationInflammation

•• Stage 5 CKD Stage 5 CKD –– increased proincreased pro--
inflammatory cytokinesinflammatory cytokines

•• Increased Increased CRPCRP levelslevels
•• Increased oxidative stressIncreased oxidative stress
•• Decreased clearance of proDecreased clearance of pro--

inflammatory substancesinflammatory substances

•• Decreases albumin and is Decreases albumin and is 
associated with malnutritionassociated with malnutrition

Associated with 
CV mortality 
and morbidity

Promoter of ASVD

Associated with increased mortality

Mediators of InflammationMediators of Inflammation
Conventional vs. Nocturnal Conventional vs. Nocturnal 

DialysisDialysis
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Mediators of InflammationMediators of Inflammation
Conventional vs. Daily DialysisConventional vs. Daily Dialysis
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Nutritional Improvements on DHDNutritional Improvements on DHD

Galland 2004Galland 2004

Mean followMean follow--up on DHD   up on DHD   39.139.1±± 23.5 months23.5 months

Improvement inImprovement in
 Daily Protein intake       Daily Protein intake       P<0.005P<0.005

 Energy intake               Energy intake               P<0.01P<0.01

 Phosphorus intake        Phosphorus intake        P<0.05P<0.05

 Sodium intake               Sodium intake               P<0.005P<0.005

 nPNA                            nPNA                            P<0.01P<0.01

 Albumin/prealbumin      Albumin/prealbumin      P<0.001/P<0.05P<0.001/P<0.05

 BMI                               BMI                               P<0.001   P<0.001   

UnUnphysiology of  Dialysisphysiology of  Dialysis

•• Cardiovascular DiseaseCardiovascular Disease
•• AnemiaAnemia
•• HypertensionHypertension
•• HypotensionHypotension
•• InflammationInflammation
•• HyperphosphatemiaHyperphosphatemia

#1 cause of morbidity and mortality#1 cause of morbidity and mortality

Hyperparathyroidism Hyperparathyroidism (elevated Ca(elevated Ca--Phos Phos 
product)product) and Vitamin D deficiencyand Vitamin D deficiency

•• Cardiovascular diseaseCardiovascular disease
•• HTNHTN
•• LVHLVH
•• CADCAD
•• Increased vascular resistanceIncreased vascular resistance

•• Decreased survivalDecreased survival

•• Oral/Dental diseaseOral/Dental disease

Changes in PhosphorusChanges in Phosphorus
Conventional vs. Short Daily DialysisConventional vs. Short Daily Dialysis

0
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4
5
6
7

predialysis
mg/dl

postdialysis
mg/dl

amount
removed g/wk

3x/wk

6x/wk

Daily Dialysis
10% increase in weekly removal

P=0.009
P=0.093

P=0.930

Williams et al, 2004
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Phosphorus LevelsPhosphorus Levels
Conventional vs. Daily (3 hrs) DialysisConventional vs. Daily (3 hrs) Dialysis
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P<0.05 P<0.05
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PTHPTH
Conventional vs. Daily (3hrs) Dialysis  Conventional vs. Daily (3hrs) Dialysis  
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Phosphorus Removal Phosphorus Removal 
Conventional vs. Nocturnal Conventional vs. Nocturnal 
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Frequent HemodialysisFrequent Hemodialysis
Calcium / Phosphorus BalanceCalcium / Phosphorus Balance

•• Cumulative weekly phosphorus removal: Cumulative weekly phosphorus removal: 

NHD > DHD > CHDNHD > DHD > CHD

•• NHD & (3hrs, 6x/wk) DHD:NHD & (3hrs, 6x/wk) DHD:

Normalization of serum phosphorus,   Normalization of serum phosphorus,   
no or decreasedno or decreased phosphate binders, phosphate binders, 
no or lessno or less dietary restrictionsdietary restrictions

Calcium / Phosphorus BalanceCalcium / Phosphorus Balance

•• NHD & (3hrs, 6x/wk) DHD: NHD & (3hrs, 6x/wk) DHD: 
Improvement in PTHImprovement in PTH

•• NHD: Resolution of metastatic NHD: Resolution of metastatic 
calcificationscalcifications

(Ayus, 2005. Pierratos, 2001)(Ayus, 2005. Pierratos, 2001)

Improved Pulmonary Function & Sleep Improved Pulmonary Function & Sleep 
Patterns with Nocturnal & Short Daily Patterns with Nocturnal & Short Daily 

HemodialysisHemodialysis

•• Significantly less evidence ofSignificantly less evidence of
•• Restrictive diseaseRestrictive disease

•• Obstructive diseaseObstructive disease

•• Improvement in sleep patterns            Improvement in sleep patterns            
central >  obstructive or mixedcentral >  obstructive or mixed

•• Improvement in cognitive Improvement in cognitive 
functionfunction

(Hanly, et al, 2001,  Friedman, 2001 (Hanly, et al, 2001,  Friedman, 2001 Mahmoud BL, 2004Mahmoud BL, 2004, ), )

Urea KineticsUrea Kinetics
DHD DHD –– NHD NHD -- CHDCHD

Suri et al, Am J Kid Dis,  2003

P= 0.03

P< 0.001

NHD vs DHD P<0.001NHD vs DHD P<0.001
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Concentration ChangesConcentration Changes
Pre Pre –– Post Dialysis    CHD vs DHDPost Dialysis    CHD vs DHD

P<0.0001P<0.00012828±±884343±±1414BUNBUN mg/dLmg/dL

P<0.0001P<0.00011010±±331515±±55OsmolalityOsmolality

mmol/Kgmmol/Kg

P<0.0001P<0.0001-- 2.62.6±±2.02.0-- 4.34.3±±2.62.6HCOHCO3 3 mEq/LmEq/L

P<0.0001P<0.00011.21.2±±0.70.71.61.6±±0.90.9K K mEq/LmEq/L

6x/wk6x/wk3x/wk3x/wk

Daily Dialysis
Less Pre-Post concentration changes

Williams et al, 2004

Less hemodynamic instability

Symptoms Between TreatmentsSymptoms Between Treatments
Conventional VS. Daily DialysisConventional VS. Daily Dialysis

Overall QOL Chest Pain SOB Thirst Nausea

3x/wk 6x/wk
P=0.043

Williams et al, 2004

Large Molecule RemovalLarge Molecule Removal
Conventional vs. Nocturnal Conventional vs. Nocturnal 

DialysisDialysis

0
100
200

300
400

3x/wk NHD

mg/wk

P<0.001

Raj DS,2000 

Weekly Weekly ββ2 2 -- microglobulin removalmicroglobulin removal

Frequent HemodialysisFrequent Hemodialysis
Quality of lifeQuality of life

Improvement inImprovement in ::

cognitive functioncognitive function

sleep patternssleep patterns

sense of well beingsense of well being

level of energylevel of energy

appetiteappetite

vocational rehabilitationvocational rehabilitation

Quality of LifeQuality of Life
Does  Does  notnot decrease decrease 
with Daily Dialysiswith Daily Dialysis
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AdvantagesAdvantages ofof
Frequent HemodialysisFrequent Hemodialysis

•• Higher weekly solute clearancesHigher weekly solute clearances

•• Improved hemodynamic stability and BP Improved hemodynamic stability and BP 
control with less medicationscontrol with less medications

•• Improved CVD risks Improved CVD risks 

•• Improved sleep patternsImproved sleep patterns

•• Improved sense of well being, quality of Improved sense of well being, quality of 
life, and rehabilitationlife, and rehabilitation

AdvantagesAdvantages ofof
Frequent Hemodialysis Frequent Hemodialysis Cont..Cont..

•• Improved appetite / liberalized diet Improved appetite / liberalized diet 

•• Correction of anemia with less EPOCorrection of anemia with less EPO

•• Improved calcium and phosphorus Improved calcium and phosphorus 
controlcontrol

AdvantagesAdvantages ofof
Frequent Hemodialysis Frequent Hemodialysis cont.cont.

•• Safe procedureSafe procedure

•• No increase in access problemsNo increase in access problems

•• Can be done at homeCan be done at home

•• Does not require a trained helperDoes not require a trained helper

•• More free day time away from More free day time away from 
dialysisdialysis

SurvivalSurvival
Any change with increased frequency ?Any change with increased frequency ?

Kjellstand et al 2005Kjellstand et al 2005

221 patients on SDH221 patients on SDH-- 315 pt yrs315 pt yrs

Deaths: 111/1000 pt years    54% of expectedDeaths: 111/1000 pt years    54% of expected

5 year cumulative survival = 63% vs. 32%USRD5 year cumulative survival = 63% vs. 32%USRD

0% if > 3 co morbiditi0% if > 3 co morbiditieses

75% if < 3 co morbiditie75% if < 3 co morbiditiess

80% if age < 53 yrs80% if age < 53 yrs

50% if age > 53 yrs50% if age > 53 yrs
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Frequent HemodialysisFrequent Hemodialysis
Question ?Question ?

Will it be cost effective ?Will it be cost effective ?

YES YES -- Decrease in hospital days  8%Decrease in hospital days  8%

YES YES -- Decrease in medication costsDecrease in medication costs

YES YES -- Improved rehabilitationImproved rehabilitation……more patients in the more patients in the 
work forcework force

YES  YES  self care/homeself care/home -- Decrease in labor Decrease in labor 
costs/overheadcosts/overhead

? ? -- Increased supply costsIncreased supply costs

Frequent/Daily Home HemodialysisFrequent/Daily Home Hemodialysis

•• New methods of dialysisNew methods of dialysis
•• Easy techniques Easy techniques –– less required for preparation less required for preparation 

and takedown and takedown 
•• Shorter runs = better fit into lifestylesShorter runs = better fit into lifestyles
•• More stable on dialysis More stable on dialysis –– less fear of less fear of 

complicationscomplications
•• Decrease exposures promoting inflammationDecrease exposures promoting inflammation
•• Increase clearanceIncrease clearance

•• Middle moleculesMiddle molecules
•• Small moleculesSmall molecules

CP1147574-2 CP1147574-3
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CP1147574-4

Staying Home and Staying Staying Home and Staying 
HealthyHealthy

Frequent Home HemodialysisFrequent Home Hemodialysis

DecreasedDecreased
Oral & Dental ComplicationsOral & Dental Complications

Thanks!Thanks!


