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Objectives

A To review clinical effects of NHD and
Frequent HD on several clinical outcomes

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

A CVS (leading cause of death)

G Hypertension

G Autonomic dysfunction

G Elevated arterial stiffness

G PTH/Ca/Pi

G Impaired vascular responsiveness
G Abnormal LV geometry and function
G Inflammation

A Anemia

A Endocrinopathies
G VitD
& Lipid
. Bone/Osteoporosis
~ Reproduction



Typical Treatment Parameters During Quotidian
Hemodialysis

Conventional HD  Short Daily  Nocturnal HD  NxStage
HD HD
Treatments/wk 3 6 5-6 6
Treatment time (hrs) 4 2-3 6-8 2.5-3.5
Blood Flow Rate 400 400 200 400
(ml/min)
Di te Flow Rate 500 800 300 130




Weekly stdKt/V for different eKt/V and
dialysis frequency
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What are the clinical/physiological effects
of frequent HD?



Effect of Frequent Nocturnal Hemodialysis
vs Conventional Hemodialysis

on Left Ventricular Mass and Quality of Life
A Randomized Controlled Trial

Table 2. Outcomes for LV Mass, Blood Pressure, Anemia, and Mineral Metabolism?

Mocturnal Conventional
Her'r1v::u:riial;n.-rsi5bl Hemodialyaisb
Characteristic n = 26) (n=25)

LV mass, mean (S0, g
Baseline 177.4 i51.1) 181.5 (92.3)

Exit 163.6 45.2) 183.084.2)
Change 138 (23.0) 1.5 (24.0)

LV mass, mean (S0, gim®
Baseline 2.4 (26.6) 101.8 (50.6)

Exit 85.3 (23.2) 102.8 (46.1)
Change -7 0124 1.0 (1414}

Blood pressure, mean (S0, mm Hg
Systolic
Baseline 128 (23) 135 (19)

Exit 122 (23) 130 (20)
Change =7 (28) 417

Diastolic
Baseline T4 7718

Exit 68 (18) 75 (12)
Change -7 {8 -2112)

Culleton et albJAMA 2007




FHN Trial Designs

Nocturnal Home
Patients from 8
regional centers

245 pts
randomized
over 2+ yrs

randomized
over 2+ yrs

12 months 12 months

6x/week 3x/week
Nocturnal Conventional
Hemodialysis 8 Hemodialysis
(n=45) (n=42)
Y Y

Compare outcomes Compare outcomes
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. FHN

Co-Primary Composite
Outcomes
A 1-year mortality and, for survivors,

change In LV mass (LVM) by cardiac
cine-MRI

A1-year mortality and, for survivors,
change in RAND SE6 Physical
Health Composite (PHC)

10



Death/LVM Composite Outcome

FHN Daily Trial

HR = 0.61
80 95% Cl: (0.46 - 0.82)
P < 0.001
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Change in LV Mass

FHN Daily Trial
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Time to First Vascular Access Intervention
FHN Daily Trial

80 -

60 - 3x/Week
6x/Week

40 -
HR = 1.71

20- 95% CI: (1.08-2.73)
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Baseline Characteristics

FHN Nocturnal Trial

Conventional | Frequent Nocturnal

Factor All Patients | Hemodialysis Hemodialysis
(n=87) (n=42) (n=45)

Age (years) (meana SD) | 52.8a 13.6 540a 12.9 51.7a 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

1to <2 (%) 15 12 18

21 5 (%) 15 12 18

> 5 (%) 18 17 20 .,



Intervention Features
FHN Nocturnal Trial

Ratio of Means

Frequent
Conventional Nocturnal (Frequent
Treatment Factor Hemodialysis | Hemodialysis | Nocturnal vs.
(n=42) (n=45) Conventional)
# hemodialysis treatments / week 29a 0.2 5.1a 0.8 1.7
Attended >80% expected treatments 98 % 73 % -
Time per dialysis session (minutes) 256 a 65 3790 62 1.5
Total dialysis time / week (hours) 12.6a 3.9 30.8m0 9.1 2.5
Kt/V, ., dialysis weekly standard 2.6a 0.7 4.7a 1.2 1.8

Ultrafiltration (weight change)

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

Per week (L) 7.4a 3.0 9.1a 3.3 1.2

15



Death/LVM Composite Outcome

FHN Nocturnal Trial

95% ClI: (0.44 - 1.07)
P = 0.095
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Change in LV Mass

FHN Nocturnal Trial
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40 -
30 —
20 —
10 -
-
50 -
40 -
30 -
20 -
10
0 ]
-200 -160 -120 -80 -40
Change in LV Mass

% Patients

3x/Week

Mean = -8.2
SD =31.7

6x/Week

0% Patients




Main Secondary Outcome Results

FHN Nocturnal Trial

Estimated Standardized Effects, 95% Cls
<Favors Conventional Favors Nocturnal

Outcome Effect Measure

LV Mass - Mean D
Physical Health Composite + MeanD

Beck Depression Inventory - Mean D

Predialysis Albumin + MeanD
Predialysis Phosphorus -Mean D
ESA Dose - Mean D Log
Predialysis Systolic BP - Mean D
Trail Making B - Log RR

Non-Access Hosp. or Death -Log HR

-1.0 -0.5 0.0 0.5 1.0

Standard Deviation Units 18



Dialysate Phosphate on CHD and NHD

/VEEKIyremoval 2.28:0,6)Vs, 4.08:1./.gm



Nocturnal hemodialysis
PTH

6 9 10 11 12

3monthly intervals




Extraosseous calcifications
dissolved on nocturnal

hemodialysis
Kim et al AJKD 2003




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)

Deaths
All hospitalizations
Non-access hospitalizations
Cardiovascular hospitalizations
Infection hospitalizations
Access hospitalizations
All vascular access interventions
Failures
Other procedures
Hypotensive episodes
% of dialysis trts with hypotensive episode
Hypokalemia (potassium <3.0 mEq/L)
(potassium <3.5 mEQ/L)
Hypophosphatemia (phosphorus <2.17 mg/dL)
Without phosphorus added to the dialysate
With phosphorus added to the dialysate

1

30 (16)

26 (15)
4 (3)

7 (5)
4 (3)
21 (15)
13 (10)
8 (6)
136 (28)
9.5
0 (0)
16 (9)

5(3)
4 (2)

2
43 (19)
35 (17)
6 (5)
14 (8)
8 (5)
34 (23)
17 (13)
17 (12)
71 (25)
3.1
8(2)
62 (13)

11 (10)
6 (3)

1.42 (0.69, 2.90)
1.32 (0.60, 2.89)
1.60 (0.49, 5.22)
2.04 (0.80, 5.17)
2.15 (0.67, 6.89)
1.62 (0.91, 2.87)
1.27 (0.60, 2.71)
2.25 (0.87, 5.83)

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

0.20

0.10
0.54
0.095

<0.001
0.49
0.47

0.071
1.00

23



Regression of LVH with NHD

A ? Improved ECFV

A?BP

A ? Vasculature

A ? Other Biological Pathways



Vascular effects of NHD

| CHD NHD - 1 month |NHD - 2 months |
Resting systolic BP, mm Hg 14015 124+3* 119£3*
Resting diastolic BP, mm Hg 82+3 75%3* 71£3*
Cardiac output, L/min 4.910.4 5.310.4 5.5%0.5
Stroke volume, mL 6315 6415 6816
Heart rate, beats/min 7813 7513 804
Total peripheral resistance, dyne -s-cm-5 19671235 1647+185* 1499+191*




Vascular effects of NHD

NHD NHD
CHD 1 month 2 months
Norepinephrine, nmol/L 2.6610.4 1.8240.4* 1.9140.2*
Antihypertensive medications (per patient) 2.5 0.6* 0.2*
Brachial artery responses
Change after hyperemia, % (-2.7£1.8) 4.7+ 7* 8.0+1.0*
Change after GTN, % 6.912.8 8.841.4* 15.7+1.6*




Sleep related breathing disorder Iin
uremia

A Common in ESRD

A Nocturnal hypoxemia
G Development of LVH
G Pathogenesis of HTN
G Independent predictor of incident adverse CVS events

A Recurrence of hypoxemia and hypercapnia @ profound
changes in cardiac loading conditions

A 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)
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AHIl decreased from 4621910 92:9 p=0.006
Minimum O, satincreased from89.22:1.81t094.10:1.6
p=0/005



WHY WOULD NHD CORRECT
SLEEP APNEA?

ECF volume vs. Uremia or Both?



Uremia and Cardiovascular disease

A Why does uremia pose such a malignant
course for CVD?

A Risk factors +++
A Capacity for vascular and cardiac repair ?




Role of EPCs

A Endothelium
maintenance

A Neovascularization

Substrate for
angiogenesis and

vasculogenesis [ TS AW
A Normal cardiovascular —\\\
homeostasis: DN
A Balance of injury vs.
repair

Rosenzweig: NEJM, 2003



Results

Table 1. Demographic characteristics

Wariahle Mormal (n = 10y CHD (n = 12y MNHD (n = 10)

Age, yr 41+4 41+3 42+4
Gender (M:F) T:3 8:4 T3
Etiology of ESRED Mot applicable HTHN: 4 HTM: 3
Congenital: 3 Congenital: 2
GN: 2 GN: 3
DM: 3 DM:2

Cardiovascular 2.3x04 0.3x02%

s, per patient
ot-Blocker
ACE inhibitor
ARB
B-Blocker
Calcium channel blocker
Diuretics
Vasodilators

Chan et al: Am JPhysiol Renal P28&id¢t6 719684, 2005.



Nocturnal hemodialysis is associated with restoration of impaired

endothelial progenitor cell biology in end-stage renal disease

Christopher T. Chan,' Shu Hong Li,> and Subodh Verma®

r=-0.40, p = 0.04

Variablz Mormal CHD NHD

Pre-dialysis urea concentration (mM)

EPC number, %/50,000 cells 348117 0.8620.20%
EPC migratory function, |§8£26 3EE0.5
migrated cells/x 100 HPF

Values are means * SE. EPC, endothelial progenitor cells; HPF, high-power
field. *P < 0.05 compared with normal and NHD.

Systolic Blood Pressure (mmHg)

Left Ventricuiar Mass Index

Chan et al: AJP 2005



Inclusion Criteria

NHD CHD Healthy Control
A Stable on NHD6 A Stableon CHDG6 A Age and gender
months months matched

A Total hours30/wk A Totalhours 10 & Estimated GFR > 9

12/wk mL/min (Cockroft
) B Gault equation
A No hospitalizations 3\, nogpjtalizations ! )
6 months prior to X 6 months prior to
study entry study entry



Experimental Protocol

> Saline

HLI > Healthy control

Rnurat

> Prevalent CHD

> Prevalent NHD
| | | | | | J

I I I I I I “l




Results

Saline
Left (Ischemic) Leg Capillary Density
g 100 . "
&
w 80
3
% 60
2 . .
S 40 . AN R B N
= o RN CHD
8 S :
S
*
Saline  Healthy  CHD NHD
*p <0.05 vs. saline
T p <0.05 vs. healthy controls or NHD
NHD

Yuen et al CJASN 2011



Bubble Perfusion - Angiogenesis

Saline Healthy

Yuen et al CJASN 2011



Summary

A Novel data suggest that EPCs under
different uremic conditions function
differently

G Effects of cells versus function
(paracrine/endocrine)

G May also explain different CVS outcomes in
patients receiving intensive hemodialysis



Survival Benefits?

NSurvi val as an 1 n
Charra Tassin




Survival and hospitalization among patients using
nocturnal and short daily compared to conventional
hemodialysis: a USRDS study

Kirsten L. Johansen'”, Rebecca Zhang', Yijian Huang', Shu-Cheng Chen®, Christopher R. Blagg"",“
Alexander S. Goldfarb-Rumyantzev”, Chistopher D. Hoy®, Robert S. Lockridge Jr, Brent W. Miller”,
Paul W. Eggers” and Nancy G. Kutner'

All.cause | Mortality +
mortality | AMI++ Strok

Percent

Maonth

Figure 1|Kaplan-Meier analysis of nocturnal hemodialysis

(NHD) therapy patient and conventional hemodialysis (CHD) NH_m 0 % 0 %
control survival from baseline. Patient survival was analyzed as - -

time until death; observations were censored at the end of follow

S B (0Z20B61)1 (0.F0BHL)]

s SDHD 0.64 0.83
(0.31,1.31) | (0.42,1.85)

Figure 2 | Kaplan-Meier analysis of short-duration daily
hemodialysis (SDHD) therapy patient and conventional
hemodialysis (CHD) control survival from baseline. Patient
survival was analyzed as time until death; observations were
censored at the end of follow-up or transplantation.

Johansen et al (KI)



Survival among nocturnal home haemodialysis patients compared
to kidney transplant recipients

Robert P. Pauly', John S. Gill?, Caren L. Rose?, Reem A. Asad®, Anne Chery*, Andreas Pierratos® and
Christopher T. Chan®

Table 3. Association of treatment modality with death

z
5
s
g
'E
o

onfidence
— MNocturnal Hesmo
~—— Deceased Danor
Living Donor

P-value

134 85 48
463 302 198
458 282 170

Time From Modality Start {Years)

Fig. 1. Time to death in patients treated with nocturnal haemodia
deceased and living donor kidney transplantation (log-rank test, P =

Pauly et al. NDT 2009



Patient and Technique Survival among a Canadian
Multicenter Nocturnal Home Hemodialysis Cohort

Robert P. Pauly,*" Katerina Maximova,™ Jennifer Coppens,” Reem A. Asad,$
Andreas Pierratos,” Paul Komenda,T Michael Copland,,’“"Jer Gihad E. l"JeSl‘allalhf”ii
Adeera Levin,”™" Anne Cl1el‘}f,§§ and Christopher T. Chan,ll

on behalf of the CAN-SLEEP Collaborative Group

247 NHD patients in total cohort
(1994-2008)

7(2.8%) Reasons
unrelated to physical or
cognitive capacity to
erform NHD _
F 54 (21.9%) Transplantation

10 (4.1% ) Technique
failure {ie. related to
physical or cognitive
capacity to perform NHD) 26 (10.5% ) Death

150 (60.7% ) patients
remaining on NHD on
Dec. 31, 2006

Pauly etal i CJASN 2011




Numberof patients at risk
247 148 67 a0

0 2 4 6
Years from NHD Start (years)
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over 50 years old

Pauly etal i CJASN 2011




Modifiable factors?

| Table 4. Univariable predictors of NHD program exits
ahle 7 Adverco o vite (de: AT - . .. p ) o,

Table 2. Adverse NIHD program exits (death and as a result of technique failure (n = 10 events in

technique failure; n = 36 events in 247 patients) AT . '

ccordine to cent ' 247 patients)

according to center ’

Center 95%, CI : Univariable Models

Reference r : CTE;

(versus AVE/AV 2.38 0.69t08.25 017

to 5.10

1 i - terval 1R 1 1 rati AVF, arteriovenous fistula; AVF, arteriovenous graft; CI,
, COonridence inrervadl; , Nazard rando. s . - -
y COTEHGCTCE T N . confidence interval;: HR, hazard ratio.

Pauly etal i CJASN 2011



32 year old woman with ESRD asked
about the potential of having a term

pregnacy?



Successful Pregnancies on Nocturnal Home Hemodialysis

Moumita Barua,* Michelle Hladunewich,’ Johannes Keunen,* Andreas Pierratos,®

Philip McFarlane,! Manish Sood,* and Christopher T. Chan*

*Division of Nephrology, University Health Network, Toronto, *Division of Nephrology, Sunnybrook Health Sciences
Centre, Toronto, *Department of Obstetrics and Gynecology, Mount Sinai Hospital, Toronto, SDivision of Nephrology,
Humber Regional Hospital, Toronto, 'Division of Nephrology, St. Michael’s Hospital, Toronto, Ontario, Canada

A Hypothesis

Nocturnal hemodialysis (NHD) leads superior
outcomes Iin 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



PREGNANCY IN DIALYSIS 385
TABLE 1. Incidence and outcome of pregnancy in women on chronic HD

No. of pregnancies/no. Incidence ol Surviving Neonatal Sponlaneous
Relerence ol women pregnancy infants deaths abortion

L e e

=] T

I
1
1
1
I
2

o ]

“Detailed information on 74 pregnancies.
, not reported.




Pregnancy Outcomes

Table 1. Pregnancy outcomes®

Baby’s Birth Baby’s APGAR Scores
Weight (g) at 1 and 5 min

Number of Weeks

at Delivery Mode of Delivery

2020
3000
2785
2690
2750
1260

(%]
oS

Patient 1
Patient 2: Pregnancy 1
2

[
]

9%}
~1
[

Patient 2: Pregnancy 2
Patient 3
Patient 4
Patient 5

J

oo O
(¥

LI LD LI

=

*C/S, cesarean section; SVD, spontaneous vaginal delivery. Superscript numerals indicate days.

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



Blood Pressure

Table 3. Average blood pressure and weight each month of pregnancy

Month
1 p 3 4 6

Systolic blood 122 =24 11915 11410 11810 11911 112x18
pressure
(mmHg)

Diastolic
blood
pressure
(mmHg)

Postdialysis
weight (kg)

604 £5% 640 = 6°

“P < 0.05 compared with baseline.

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)
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