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Clinical Improvements With 

Frequent / Nocturnal Hemodialysis



Objectives

ÁTo review clinical effects of NHD and 
Frequent HD on several clinical outcomes

ÁTo describe selected NHD research in 
progress
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ESRD affects every organ system!

ÁCVS (leading cause of death)
Ğ Hypertension

Ğ Autonomic dysfunction

Ğ Elevated arterial stiffness

Ğ PTH/Ca/Pi

Ğ Impaired vascular responsiveness

Ğ Abnormal LV geometry and function

Ğ Inflammation

ÁAnemia

ÁEndocrinopathies
Ğ Vit D

Ğ Lipid

Ğ Bone/Osteoporosis

Ğ Reproduction

ÁImprovement Ą Correction



Conventional HD Short Daily 

HD

Nocturnal HD NxStage 

HD

Treatments/wk 3 6 5-6 6

Treatment time (hrs) 4 2-3 6-8 2.5-3.5

Blood Flow Rate 

(ml/min)

400 400 200 400

Dialysate Flow Rate 

(ml/min)

500 800 300 130

Typical Treatment Parameters During Quotidian 

Hemodialysis



Gotch FA 1998 (modified)
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What are the clinical/physiological effects 

of frequent HD?



Culleton et al ïJAMA 2007



FHN Trial Designs

Daily In-Center

Patients from 11

regional centers

Nocturnal Home

Patients from 8

regional centers

12 months

6x/week

Daily 

Hemodialysis

(n=125)

245 pts

randomized 

over 2+ yrs

12 months

6x/week

Nocturnal 

Hemodialysis

(n=45)

12 months

3x/week

Conventional

Hemodialysis

(n=42)

87 pts

randomized 

over 2+ yrs

12 months

3x/week

Conventional 

Hemodialysis

(n=120)

Compare outcomes

after 1 year

Compare outcomes

after 1 year 9
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Co-Primary Composite 

Outcomes

Á1-year mortality and, for survivors, 
change in LV mass (LVM) by cardiac 
cine-MRI

Á1-year mortality and, for survivors, 
change in RAND SF-36 Physical 
Health Composite (PHC)



Death/LVM Composite Outcome
FHN Daily Trial
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Change in LV Mass
FHN Daily Trial

Mean =  -2.4 g

SD = 25.9 g

Mean = -16.3 g
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Time to First Vascular Access Intervention
FHN Daily Trial
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Baseline Characteristics
FHN Nocturnal Trial

Factor All Patients

Conventional 

Hemodialysis

Frequent Nocturnal 

Hemodialysis

(n=87) (n=42) (n=45)

Age (years) (mean ¤ SD) 52.8 ¤ 13.6 54.0 ¤ 12.9 51.7 ¤ 14.4

Female (%) 35 33 36

Race

Black (%) 26 26 27

White (%) 55 50 60

Other (%) 18 24 13

Diabetes (%) 43 43 42

ESRD vintage (years)

< 1 (%) 52 60 44

1 to < 2 (%) 15 12 18

2 ï5 (%) 15 12 18

> 5 (%) 18 17 20
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Intervention Features
FHN Nocturnal Trial

Treatment Factor
Conventional 

Hemodialysis

(n=42)

Frequent 

Nocturnal 

Hemodialysis

(n=45)

Ratio of Means

(Frequent 

Nocturnal vs. 

Conventional)

# hemodialysis treatments / week 2.9 ¤ 0.2 5.1 ¤ 0.8 1.7

Attended >80% expected treatments 98 % 73 % -

Time per dialysis session (minutes) 256 ¤ 65 379 ¤ 62 1.5

Total dialysis time / week (hours) 12.6 ¤ 3.9 30.8 ¤ 9.1 2.5

Kt/V
urea

dialysis weekly standard 2.6 ¤ 0.7 4.7 ¤ 1.2 1.8

Ultrafiltration (weight change)

Per session (% of post weight) 3.1 ¤ 1.0 2.3 ¤ 0.8 0.7

Per week (L) 7.4 ¤ 3.0 9.1 ¤ 3.3 1.2
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Death/LVM Composite Outcome
FHN Nocturnal Trial

Change in LV MassSurvival

(Months)

%
 o

f 
P

a
ti
e

n
ts

3x/Week

6x/Week



1717

Change in LV Mass
FHN Nocturnal Trial
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Main Secondary Outcome Results
FHN Nocturnal Trial

-1.0 -0.5         0.0          0.5        1.0

Standard Deviation Units

Estimated Standardized Effects, 95% Cls

Favors Conventional      Favors Nocturnal
Outcome Effect Measure

LV Mass - Mean D

Physical Health Composite + Mean D

Beck Depression Inventory - Mean D

Predialysis Albumin + Mean D

Predialysis Phosphorus - Mean D

ESA Dose - Mean DLog

Predialysis Systolic BP - Mean D

Trail Making B - Log RR

Non-Access Hosp. or Death - Log HR



Dialysate Phosphate on CHD and NHD
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Nocturnal hemodialysis
PTH
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Extraosseous calcifications 
dissolved on nocturnal 
hemodialysis
Kim et al AJKD 2003
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Time to First Vascular Access Intervention
FHN Nocturnal Trial
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Adverse Events
FHN Nocturnal Trial

Outcome Conventional

(n=42) 1

Frequent 

Nocturnal

(n=45) 1
Hazard Ratio

(95% CI)

P-

value

Deaths 1 2

All hospitalizations 30 (16) 43 (19) 1.42 (0.69, 2.90) 0.34

Non-access hospitalizations 26 (15) 35 (17) 1.32 (0.60, 2.89) 0.48

Cardiovascular hospitalizations 4 (3) 6 (5) 1.60 (0.49, 5.22) -

Infection hospitalizations 7 (5) 14 (8) 2.04 (0.80, 5.17) -

Access hospitalizations 4 (3) 8 (5) 2.15 (0.67, 6.89) 0.20

All vascular access interventions 21 (15) 34 (23) 1.62 (0.91, 2.87) 0.10

Failures 13 (10) 17 (13) 1.27 (0.60, 2.71) 0.54

Other procedures 8 (6) 17 (12) 2.25 (0.87, 5.83) 0.095

Hypotensive episodes 136 (28) 71 (25) - -

% of dialysis trts with hypotensive episode 9.5 3.1 - <0.001

Hypokalemia (potassium <3.0 mEq/L) 0 (0) 8 (2) - 0.49

(potassium <3.5 mEq/L) 16 (9) 62 (13) - 0.47

Hypophosphatemia (phosphorus <2.17 mg/dL)

Without phosphorus added to the dialysate 5 (3) 11 (10) - 0.071

With phosphorus added to the dialysate 4 (2) 6 (3) - 1.00

1Total numbers of events and (numbers of patients with events) during the follow-up period.



Regression of LVH with NHD

Á? Improved ECFV

Á? BP

Á? Vasculature

Á? Other Biological Pathways



Vascular effects of NHD 

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

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



Sleep related breathing disorder in 

uremia

Á Common in ESRD

Á Nocturnal hypoxemia

ĞDevelopment of LVH

ĞPathogenesis of  HTN

Ğ Independent predictor of incident adverse CVS events

Á Recurrence of hypoxemia and hypercapnia ¤ profound 
changes in cardiac loading conditions

Á Net result: increase in SNS outflow to the heart and periphery



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



WHY WOULD NHD CORRECT 

SLEEP APNEA?

ECF volume vs. Uremia or Both?



Uremia and Cardiovascular disease

ÁWhy does uremia pose such a malignant 

course for CVD?

ÁRisk factors +++

ÁCapacity for vascular and cardiac repair ?



Role of EPCs

ÁEndothelium 

maintenance

ÁNeovascularization

ĞSubstrate for 

angiogenesis and 

vasculogenesis

ÁNormal cardiovascular 

homeostasis:

ÁBalance of injury vs. 

repair

Rosenzweig: NEJM, 2003



Results

Chan et al: Am JPhysiol Renal Physiol 289: F679ïF684, 2005.



Chan et al: AJP 2005



Inclusion Criteria

NHD

ÁStable on NHD ²6 

months

ÁTotal hours ²30/wk

ÁNo hospitalizations x 

6 months prior to 

study entry

CHD

ÁStable on CHD ²6 
months

ÁTotal hours  10 ï
12/wk

ÁNo hospitalizations 
x 6 months prior to 
study entry

Healthy Control

ÅAge- and gender 

matched

ÅEstimated GFR > 90 

mL/min (Cockroft 

Gault equation)

Yuen et al CJASN 2011



Experimental Protocol

Rnu rat

Saline

Healthy control

Prevalent CHD

Prevalent NHD

Day
1

HLI

Day
0

Day
3

Day
7

Day
14

Day
21

Day
28

Unilateral leg ischemia (L). All cells/saline injected on day 1 post-HLI.Yuen et al CJASN 2011



Results

Saline

CHD

NHD

Yuen et al CJASN 2011



Bubble Perfusion - Angiogenesis

Yuen et al CJASN 2011



Summary

ÁNovel data suggest that EPCs under 
different uremic conditions function 
differently
ĞEffects of cells versus function 

(paracrine/endocrine)

ĞMay also explain different CVS outcomes in 
patients receiving intensive hemodialysis 



Survival Benefits?

ñSurvival as an index of adequacyò

Charra - Tassin



All cause 

mortality

Mortality + 

AMI + Stroke

NHD 0.36 

(0.22,0.61)*

0.56 

(0.35,0.81)*

SDHD 0.64 

(0.31,1.31)

0.83 

(0.42,1.85)

Johansen et al (KI)



Pauly et al.  NDT 2009



Pauly et al ïCJASN 2011



Pauly et al ïCJASN 2011



Modifiable factors?

Pauly et al ïCJASN 2011



32 year old woman with ESRD asked 

about the potential of having a term 

pregnacy?



ÁHypothesis

ĞNocturnal hemodialysis (NHD) leads superior

outcomes in fertility and pregnancy when

compared to conventional hemodialysis (CHD)

Barua M et al.  Successful Pregnancies on Nocturnal Home Hemodialysis.  Clin J Am Soc Nephrol 2008 Mar;3(2):392-6





Barua M et al.  Successful Pregnancies on Nocturnal Home Hemodialysis.  Clin J Am Soc Nephrol 2008 Mar;3(2):392-6

Pregnancy Outcomes



Blood Pressure

Barua M et al.  Successful Pregnancies on Nocturnal Home Hemodialysis.  Clin J Am Soc Nephrol 2008 Mar;3(2):392-6



Placental US Assessment (23 
weeks)

NORMAL

ABNORMAL


