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YES!



Objectives

Why do we need a new renal Why do we need a new renal 
replacement therapy modality?replacement therapy modality?
Does NHD modify morbidities of ESRD Does NHD modify morbidities of ESRD 
patients?patients?
Future DirectionsFuture Directions



Possible solutions for poor ESRD 
Rx outcomes

Higher dialysis dose Higher dialysis dose 

HemoHemo study study –– no benefitno benefit

ADEMEX study ADEMEX study –– no benefitno benefit

Alternative schedulesAlternative schedules

Daily (quotidian HD)Daily (quotidian HD)

Intermittent long HDIntermittent long HD

Alternative modalitiesAlternative modalities

Hemo(dia)filtrationHemo(dia)filtration

Sorbents Sorbents 

OtherOther

Address the coAddress the co--morbidities morbidities RETURN TO NORMAL RETURN TO NORMAL 
PHYSIOLOGYPHYSIOLOGY



Daily nocturnal home 
hemodialysis (NHD)

Form of home hemodialysis
Done by the patient or a family member
Partner not required

8 hours 5-6 times per week nightly during 
sleep
Low blood flow (typical  250 ml/min)
Low dialysate flow (typical 300 ml/min) 
Dialysate 

• HCO3 28-35 mEq/L  /  (mmol/L) 
• Ca  3.0-4.5 mEq/L / 1.5 – 2.25 mmol/L
• P  0-4.5 mg/dL / 0 – 1.5 mmol/L

Form of home hemodialysisForm of home hemodialysis
Done by the patient or a family memberDone by the patient or a family member
Partner not requiredPartner not required

8 hours 58 hours 5--6 times per week nightly during 6 times per week nightly during 
sleepsleep
Low blood flow (typical  250 ml/min)Low blood flow (typical  250 ml/min)
Low dialysate flow (typical 300 ml/min) Low dialysate flow (typical 300 ml/min) 
Dialysate Dialysate 

•• HCOHCO3 3 2828--35 35 mEqmEq/L  /  (/L  /  (mmolmmol/L) /L) 
•• Ca  3.0Ca  3.0--4.5 4.5 mEqmEq/L / 1.5 /L / 1.5 –– 2.25 2.25 mmolmmol/L/L
•• P  0P  0--4.5 mg/4.5 mg/dLdL / 0 / 0 –– 1.5 1.5 mmolmmol/L/L



5 5 -- 6 sessions / week6 sessions / week
8 8 –– 10 hrs / treatment10 hrs / treatment
3 x normal dialysis dose3 x normal dialysis dose
Enhanced middle molecule Enhanced middle molecule 
clearance, including: clearance, including: 
Moderate fluctuations in Moderate fluctuations in 
volume and biochemical volume and biochemical 
statusstatus

3 sessions / week3 sessions / week
3 3 –– 4 hrs / treatment4 hrs / treatment
Less solute clearanceLess solute clearance
Less middle molecule Less middle molecule 
clearanceclearance
Large fluctuations in Large fluctuations in 
volume and biochemical volume and biochemical 
statusstatus

Nocturnal             Conventional
Hemodialysis       Hemodialysis



ESRD affects every organ system!
CVS (leading cause of death)CVS (leading cause of death)

HypertensionHypertension
Autonomic dysfunctionAutonomic dysfunction
Elevated arterial stiffnessElevated arterial stiffness
PTH/Ca/PiPTH/Ca/Pi
Impaired vascular responsivenessImpaired vascular responsiveness
Abnormal LV geometry and functionAbnormal LV geometry and function
InflammationInflammation

AnemiaAnemia
EndocrinopathiesEndocrinopathies

VitVit DD
LipidLipid
Bone/OsteoporosisBone/Osteoporosis
ReproductionReproduction

CognitionCognition
Improvement Improvement CorrectionCorrection



Impact of long term NHD on LVMI, blood 
pressure, and anti-hypertensive therapy
Measurements CHD 

(n=13) 
 NHD 

(n=28) 
 

 Initial Final Initial Final 

LVMI (g/m2) 142 ± 33 150 ±56 147 ± 42 114 ± 40*

SBP (mmHg) 136 ± 25 131 ± 20 146 ± 20 122 ±13* 

DBP (mmHg) 82 ± 13 80 ± 15 84 ± 15 74 ± 12* 

PP (mmHg) 54 ± 22 51 ± 17 61 ± 12 49 ± 12* 

Anti-BP Meds 1.5 1.5 1.8 0.3* 

 

 

* denotes p < 0.05

Chan CT et al, Kidney Int 61:2235-2239., 2002



Culleton et al – JAMA 2007



Regression of LVH with NHD

? Improved ECFV? Improved ECFV
? Vasculature? Vasculature
? Both? Both



Vascular effects of NHD 

CHD NHD - 1 month NHD - 2 months

Resting systolic BP, mm Hg 140±5 124±3* 119±3*

Resting diastolic BP, mm Hg 82±3 75±3* 71±3*

Cardiac output, L/min 4.9±0.4 5.3±0.4 5.5±0.5

Stroke volume, mL 63±5 64±5 68±6

Heart rate, beats/min 78±3 75±3 80±4

Total peripheral resistance, dyne -s-cm-5 1967±235 1647±185* 1499±191*

CHD NHD - 1 month NHD - 2 months

Resting systolic BP, mm Hg 140±5 124±3* 119±3*

Resting diastolic BP, mm Hg 82±3 75±3* 71±3*

Cardiac output, L/min 4.9±0.4 5.3±0.4 5.5±0.5

Stroke volume, mL 63±5 64±5 68±6

Heart rate, beats/min 78±3 75±3 80±4

Total peripheral resistance, dyne -s-cm-5 1967±235 1647±185* 1499±191*

Chan et al Hypertension 42(5):925-31 2003



Vascular effects of NHD 

CHD
NHD         

1 month
NHD        

2 months
Norepinephrine, nmol/L 2.66±0.4 1.82±0.4* 1.91±0.2*
Antihypertensive medications (per patient) 2.5 0.6* 0.2*

Change after hyperemia, % (-2.7±1.8) 4.7±1.7* 8.0±1.0*
Change after GTN, % 6.9±2.8 8.8±1.4* 15.7±1.6*

Brachial artery responses

CHD
NHD         

1 month
NHD        

2 months
Norepinephrine, nmol/L 2.66±0.4 1.82±0.4* 1.91±0.2*
Antihypertensive medications (per patient) 2.5 0.6* 0.2*

Change after hyperemia, % (-2.7±1.8) 4.7±1.7* 8.0±1.0*
Change after GTN, % 6.9±2.8 8.8±1.4* 15.7±1.6*

Brachial artery responses

Chan et al Hypertension 42(5):925-31 2003



Yuen et al : NDT: 2006



Improvement in exercise 
capacity after conversion to 

NHD
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Sleep related breathing disorder 
in uremia

Common in ESRDCommon in ESRD

Nocturnal hypoxemiaNocturnal hypoxemia
Development of LVHDevelopment of LVH
Pathogenesis of  HTNPathogenesis of  HTN
Independent predictor of incident adverse CVS Independent predictor of incident adverse CVS 
eventsevents

Recurrence of hypoxemia and Recurrence of hypoxemia and hypercapniahypercapnia ±± profound profound 
changes in cardiac loading conditionschanges in cardiac loading conditions

Net result: increase in SNS outflow to the heart and Net result: increase in SNS outflow to the heart and 
peripheryperiphery



Correction of Sleep Apnea with NHD 
Hanly P, Pierratos A. NEJM 2001

The first 14 patients of the Nocturnal Hemodialysis project in 
Toronto.  8 patients had sleep apnea (AHI>15/hr) 

AHI decreased from 46±19 to 9±9 p=0.006
Minimum O2 sat increased from 89.2±1.8 to 94.1±1.6 

p=0.005

AHI decreased from 46±19 to 9±9 p=0.006
Minimum O2 sat increased from 89.2±1.8 to 94.1±1.6 

p=0.005



Why would NHD correct sleep 
apnea?

ECF volume vs. Uremia or Both?ECF volume vs. Uremia or Both?



ECF volume overload: 
upper airway edema?

Normal Subject                        Sleep Apnea



The Impact of Nocturnal 
Hemodialysis on Sleep Apnea is 
Dose-dependent

Beecroft J et al ATS 2006



Initial (CHD) 6 mos 12 mos p

NHD

Hb (g/L) 115 ± 2.3 122 ± 2.5 124 ± 2.3* 0.03

EPO dose (u/week) 10400 ± 1400 8500 ± 1300 7600 ± 1100 0.03

EPO free (%) 19 24 24* NS

CHD

Hb (g/L) 110 ± 2.2 115 ± 2.7 115 ± 2.2 NS

EPO dose (u/week) 8300 ± 1100 8100 ± 1300 8600 ± 1000 NS

EPO free (%) 13 13 9.4 NS

Schwartz et al: Clin Nephro, 2005

Impact of NHD on EPO responsiveness



Inflammation and NHD

VariablesVariables CHD (n=14)CHD (n=14) NHD (n = 14)NHD (n = 14)

HbHb (g/L)(g/L) 120 120 ±± 44 124 124 ±± 44

FerritinFerritin ((ngng/ml)/ml) 482 482 ±± 7373 413 413 ±± 123123

EPO dose EPO dose 
(u/wk)(u/wk)

11643 11643 ±± 12581258 6877 6877 ±± 1482*1482*

hsCRPhsCRP (mg/L)(mg/L) 8.4 8.4 ±± 1.81.8 4.6 4.6 ±± 1.31.3

IL IL –– 6 (pg/ml)6 (pg/ml) 6.5 6.5 ±± 0.80.8 3.9 3.9 ±± 0.7*0.7*

Yuen et al – ASAIO J 2005



Uremia and Cardiovascular disease

Why does uremia pose such a Why does uremia pose such a 
malignant course for CVD?malignant course for CVD?
Risk factors +++Risk factors +++
? Capacity for vascular and cardiac ? Capacity for vascular and cardiac 
repair ?repair ?



Role of EPCs
Endothelium Endothelium 
maintenancemaintenance
NeovascularizationNeovascularization

Substrate for Substrate for 
angiogenesis and angiogenesis and 
vasculogenesisvasculogenesis

Normal cardiovascular Normal cardiovascular 
homeostasis:homeostasis:
Balance of Balance of injury vs. injury vs. 
repairrepair

Rosenzweig: NEJM, 2003



Research questions

Does uremia control modulate Does uremia control modulate EPCsEPCs
number and function?number and function?
Does augmentation of uremia control Does augmentation of uremia control 
(NHD) improve (NHD) improve EPCsEPCs??



Methods
Cross sectional studyCross sectional study
Subjects:Subjects:

Normal: age + gender matched , no Normal: age + gender matched , no 
symptomatic CVD, n=10symptomatic CVD, n=10
CHD: n = 12, no symptomatic CVDCHD: n = 12, no symptomatic CVD
NHD: n = 10NHD: n = 10

EPC number EPC number 
EPC function (VEGF migration assay)EPC function (VEGF migration assay)
CVS surrogate: LVMI, SBPCVS surrogate: LVMI, SBP

Chan et al: Am JPhysiol Renal Physiol 289: F679–F684, 2005.



Results

Chan et al: Am JPhysiol Renal Physiol 289: F679–F684, 2005.
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Figure. Effect of dialysis on CD34/VECadherin-positive cells. 
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Figure. Functional activity of EPCs was assessed by their migratory capacity. (Control vs. CHD vs. NHD)
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Improvement in Vitamin D Levels 
after Conversion to Home 
Nocturnal Hemodialysis



Vitamin D levels before and after conversion to 
NHD

n = 35         *p < 0.05
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Nessim et al - KI



Mcfarlane et al: KI 1004 – 1011, 2003



Saran et al: KI 1222-1228, 2006



Marshall et al: KI1229 – 1236, 2006



Clinical Benefits of NHD
Clinical ObservationsClinical Observations

Normalization of BPNormalization of BP
LVH regressionLVH regression

Chan et al, KI 2002Chan et al, KI 2002

LV EF improvementLV EF improvement
Chan et al, NDT 2002Chan et al, NDT 2002

PVD improvementPVD improvement
Chan et al, AJKD 2003Chan et al, AJKD 2003

BP changes with BP changes with TxTx
McCormick et al (NDT,2004)McCormick et al (NDT,2004)

Sleep apnea correctionSleep apnea correction
HanlyHanly et al, NEJM 2001et al, NEJM 2001

Normalization of PhosphateNormalization of Phosphate
MusciMusci et al KI 1999et al KI 1999

Mechanistic analysisMechanistic analysis
Restoration of TPRRestoration of TPR
Selective decrease in PNESelective decrease in PNE
Improvement in FMD Improvement in FMD 
(endothelial function) and (endothelial function) and 
EIV (VSMC)EIV (VSMC)

Chan et al (Hypertension, Chan et al (Hypertension, 
2003)2003)

Restoration of nocturnal Restoration of nocturnal 
cardiac sympathetic cardiac sympathetic 
outflowoutflow

Chan et al (KI 2004)Chan et al (KI 2004)
Restoration of EPC biologyRestoration of EPC biology

Chan et al (AJP)Chan et al (AJP)











Pregnancy Outcomes - NHD
Weeks at Weeks at 
deliverydelivery

Mode of Mode of 
deliverydelivery

Birth weight (g)Birth weight (g) APGARAPGAR

Patient 1Patient 1 3636 C/SC/S 20202020 9/99/9

Patient 2Patient 2 3838 SVDSVD 30003000 5/85/8

Patient 2Patient 2 373744 SVDSVD 27852785 9/99/9

Patient 3Patient 3 363655 Induced laborInduced labor 26902690 6/96/9

Patient 4Patient 4 383855 C/SC/S 27502750 8/98/9

Patient 5Patient 5 3030 SVDSVD 12601260 5/75/7

MeanMean 363622 24182418

Barua et al – CJASN (in press)



Bergman et al (in press)



Bergman et al (in press)



Other Data…

Bone Bone –– DEXADEXA
BaroreflexBaroreflex
AV access outcomesAV access outcomes
GenomicsGenomics



Technique Survival of Toronto NHD patients
N = 215, Median F/U = 3.2 yrs
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Survival of Toronto NHD patients 
(n = 215) [F/U = median 3.2 yrs]
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Future

Need for RCT to validate NHD Need for RCT to validate NHD 
prospectivelyprospectively

NIH sponsored FHN studyNIH sponsored FHN study
Results (2010)Results (2010)

Need to better understand patient Need to better understand patient 
selection / criteria selection / criteria 
Improvement in technologyImprovement in technology

Era of Information TechnologyEra of Information Technology
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