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Epidemiology

Estimated number of patients undergoing RRT from 2010 to 2030 worldwide (A) and by

region (B)
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Epidemiology

Expected remaining lifetime (years) of the general population (cohort 2011-2015) and of

prevalent dialysis and transplant patients (cohort 2011-2015)
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Epidemiology

Unadjusted percentages of deaths in 2014 by cause, excludes missing/unknown causes of
death data among dialysis patients

. AMI and ASHD

Cardiovascular disease

> 50%
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/0%

Abbreviations: ASHD, atherosclerotic heart disease; AMI, acute myocardial
infarction; CHF, congestive heart failure; CVA, cerebrovascular accident.

USRDS Annual Data Report 2017




Dialysis Therapy

SOLUTES CLEARANCE

Uremic Toxins

Electrolites Regulation

Acid-base Balance

Calcium—phosphate
control

I VOLUME HOMEOSTASIS

Fluid Overload

Blood pressure control

HORMONE PRODUCTION

Red blood cell mass
regulation

Vitamin D regulation

Others




Dialysis Therapy

/SOLUTES CLEARANCE \

Uremic Toxins

Electrolites Regulation

Acid-base Balance

Calcium—phosphate
control

VOLUME HOMEOSTASIS

Fluid Overload

\Blood pressure control /

Convetional
| Hemodialysis
Peritoneal dialysis

Hemodiafiltration
technologies

Intensive

Hemodialysis

Ability for solute clearance, frequency
and therapy duration




Adequacy Dialysis Dose

“From an idealistic clinical perspective,
an adequately treated dialysis patient is
physically active, well nourished, euvolemic and
normotensive, with a maintained good quality of life
and alife.expectancy that is not inferior
to that of healthy patients”™

Kt _ .
3."@%0 1. Floege J et al. Comprehensive Clinical Nephrology, 2015
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Adequacy Dialysis Dose

The marker of dialysis adequacy has been typically determined just
by measuring small solute clearance, based on urea removal

Urea kinetics modeling has been taken as a paradigm of all uremic
toxins; but now it is clear, that urea remaval is not very similar to
kinetics of other retention solutes

Calculation of the index of urea clearance (Kt/Vurea) has been the
principal tool to estimate dialysis dose, correlated with clinical
outcomes for more than 30 years




Dialysis Adequacy

Relevant studies have changed dialysis adequacy over the years

Dialysis sessions were long
procedures 20-40 h/week

Time was a “prime
measure” in the concept of
dialysis adequacy

Financial and logistical
pressures created an
incentive to shorten
dialysis time

Adequacy HD target .
First serious Hypothesis Equilibrated spKt/v 1,4 until now!!! g to alternative
Irs yp quilibrate ’ dialysis schedules
approach to “Square Ktiv
quantify  meter hour” by Daugirdas v ESHOL Last
dialysis Babb et al URR © CANUSA HEMO NECOSAD  Alberta Nocturnal FHN Turkish | Guidelines
Wolf et al by Lowrie Study Study EAPOS Trial Trials
v HDF
Study
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RRF and total UF
important factors
in PD adequacy

More attention has
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— — ESRD I
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CONTRAST
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MPO
. . NCDS ADEMEX Hong Kong Study
First HD in : Study
North America Study Trial (Lo et al)
Performed Time on dialysis was less important, Adequacy PD target
by Murray as long as urea clearance weekly Kt/v 1,7 until now!!!

reached the target

Urea clearance index (Kt/Vurea)
became the marker of dialysis
adequacy until today!
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Adequacy Guidelines

Nephrology 18 (2013) 485-488

PD 2005 HD 2005- 2013

Original Article

KHA-CARI guideline: Dialysis adequacy| (haemodialysis):

Dialysis membranes
PETER G KERR'* and NIGEL D TOUSSAINT??

Nephrol Dial Transplant (2007) 22 [Suppl 2]: 115-121
doi:10.1093 /ndt/gfm 022
PD 2005 - HD 2007

EBPG guideline on dialysis strategies|

B 2006 Updates
Clinical Practice Guidelines
and Recommendations

Japanese Seciety for Dialysis The |
“Maintenance Hemodialysis: Hert

2009 Japanese Society for Dialysis Therapy
Guidelines for Peritoneal Dialysis

[ S HD 2015

il KDOQI
Kidney Disease
Outcomes Quality Initiative

Kidney
Foundation”

KDOQI CLINICAL PRACTICE GUIDELINE FOR
HEMODIALYSIS ADEQUACY: 2015 UPDATE

B Socesy o PemE0g iy

ISPD GUIDELINES/RECOMMENDATIONS @ ISPD
PD 2011

CLINICAL PRACTICE GUIDELINES AND RECOMMENDATIONS
ON PERITONEAL DIALYSIS ADEQUACY 2011

SUMMARY OF CLINICAL PRACTICE GUIDELINES

HD 2009 PD 2017
THE RENAL
ASSOCIATION
founded 1950

Peritoneal Bialysis International. Vol. 31, pp. 218-239
doi:10. 3747/ pii.2011.00026

CANADIAN SOCIETY OF NEPHROLOGY
GUIDELINES/RECOMMENDATIONS

CLINICAL PRACTICE GUIDELINES AND RECOMMENDATIONS ON
PERITONEAL DIALYSIS ADEQUACY 2011




Dialysis Adequacy

Where are we
Now ?




Prescription - Actual Situation
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Adequacy - Actual Situation

Percentage of prevalent hemodialysis and peritoneal dialysis patients meeting clinical care guidelines
for dialysis adequacy, by modality
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Adequacy - Actual Situation
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Sudden Cardiac Death - Actual Situation

From the 2016 Peer Kidney Care Initiative Report

14

e ardiovascular Mortality

12
“wewSud den Cardiac Death

10

Deaths per 100 patient-years

Annual rates of all-cause cardiovascular mortality and sudden cardiac death in maintenance dialysis patients.

Wetmore J et al. Am J Kidney Dis. 2018




Volume Overload - Actual Situation

From the 2016 Peer Kidney Care Initiative Report
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Blood Pressure Control - Actual Situation

Pre-dialysis systolic blood pressure, remained relatively unchanged from 2010 to 2017

Pre-dialysis systolic blood pressure, categories
Mational sample
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US-DOPPS Practice Monitor, August 2017; http://www.dopps.org




Serum Phosphate - Actual Situation

Serum phosphate levels remained relatively unchanged from 2010 to 2017

Serum phosphorus (most recent), categories
Mational sample
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Health-related Quality of life — Actual Situation

No significant improvements in Mental and Physical Component of HRQL.

SF-12 Mental Component Summary score, categories SF-12 Physical Component Summary score, categories
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All DOPPS participants are asked to complete a questionnaire once a year. Participants who complete
the questionnaire tend to be somewhat younger and healthier compared to non-respondents. Therefore
results may not be representative of the US hemodialysis population overall.

Facility sample transitioned from DOPPS 4 to 5 in Jan-Apr 2012 (see "Study Sample and Methods").
Facility sample transitioned from DOPPS 5§ to 6 in Mar-Jul 2015 (see "Study Sample and Methods").

US-DOPPS Practice Monitor, August 2017; http://www.dopps.org




Mortality — Actual Situation

Adjusted mortality (deaths per 1,000 patient-years) by calendar year, treatment
modality, and comorbidity among ESRD patients and comorbidity-specific Medicare
populations aged 65 & older, 1996-2015
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USRDS Annual Data Report 2017




Is Kt/ Vurea an adequate marker
of dialysis adequacy?




Kt/Vurea alone

Evidence is not enough!!

A broader concept of
Hemodialysis International 2015; ee:ee—s¢ adequacy IS req u I red I I

http://www.kidney-international.org 2015

© 2015 International Society of Nephrology

Once upon a time in dialysis: the last days of Kt/\/?|  Personal viewpoint: Limiting maximum

_. _. | ultrafiltration rate as a potential new
Raymond Vanholder', Griet Glorieux” and Sunny Eloot measure of dialysis adequacy

"Nephrology Section, Department of Internal Medicine, Ghent University Hospital, Ghent, Belgium
John W M AGAR

Department of Renal Medicine Barwon Health, University Hospital, Geelong, Victoria, Australia

Does the Adequacy Parameter Kt/V ., Reflect Uremic
Toxin Concentrations in Hemodialysis Patients?

Clinical Kidney Journal Advance Access published June 1, 2015

J -
- Leading Luropean Nephrology
CKJ] REVIEW

Uraemic toxins and new methods to control their
accumulation: game changers for the concept

Clinical Kidney Journal, 2015, 1-10

doi: 10.1093/ckj/sfv034
CKJ Review

Sunny Eloot*, Wim Van Biesen, Griet Glorieux, Nathalie Neirynck, Annemieke Dhond,
Raymond Vanholder

Nephrology Section, Department of Intenal Medicine, Ghent University Hospital, Gent, Belgium

Cuinicar KIDNEY JOURNAL

of dialysis adequacy

Griet Glorieux! and James Tattersall?

REVIEW

MAKING DIALYSIS ADEQUATE - ADDRESSING ITS LIMITATIONS

Clin J Am Soc Nephrol 201§

Effect of Treatment Duration and Frequency on Uremic
Solute Kinetics, Clearances and Concentrations

The Use of a Multidimensional Measure of Dialysis

Jonn K. Leypoldt* and Bjom K. | Meljerst Adequacy—Moving beyond Small Solute Kinetics

*Renal Therapeutic Area and Medical Affairs, Baxter Healthcare Coporation, Deerfield, linolks, and
tOivision of Nephrology, Department of Microbloogy and Immunology, University Hospitals Leuven, Leuven,

Belaium Jeffrey Perl, Laura M. Dember, Joanne M. Bargman, Teri Browne, David M. Charytan, Jennifer E. Flythe,
o

LaTonya J. Hickson, Adriana M. Hung, Michel Jadoul, Timmy Chang Lee, Klemens B. Meyer, Hamid Moradi, Tariq Shafi,

Isaac Teitelbaum, Leslie P. Wong, and Christopher T. Chan, and on behalf of the American Society of Nephrology Dialysis
Advisory Group




Kt/Vurea alone

Evidence IS not enough!!

A broader concept of

T CP)] I,

PROGRESS IN DIALYSIS PRACTICE

A Sad but Forgotten Truth: The Story of Slow-Moving
Solutes in Fast Hemodialysis Dialysis Dosing for Chronic Hemodialysis: Beyond Kt/V

John T. Daugirdas
Deparfment of Medicine, Univesity of llinck, Chicago, linok

Sunny Eloot, Wim Van Biesen, and Raymond Vanholder
Nephrology Section, Department of Internal Medicine, Ghent University Hospital, Gent, Belgium

The International Journal of Artificial Organs / Vol. 27 / no. 6, 2604 / pp. 452-466
Review ' z 2004 5

Short, thrice-w'eekly hemodialysis is inadequate
regardless of small molecule clearance

Kt/ V;Tea _shoul'd be abandoned as a measure
Z.J. TWARDOWSKI of dialysis quality

Division of Nephrology, Department of Medicine, University of Missouri, Columbia, Missouri - USA

Kidney International, Vol. 41 (1992), pp. 1286-1291 1992

Survival as an index of adequacy of dialysis

BERNARD CHARRA, EDOUARD CALEMARD, MARTIAL RUFFET, CHARLES CHAZOT,
JEAN-CLAUDE TERRAT, THIERRY VANEL, and GUY LAURENT

Centre de rein artificiel, Tassin, France




Dialysis Therapy

SOLUTES CLEARANCE | Kt/Vurea

Uremic Toxins HORMONE PRODUCTION

/EIectronte Regulation

Acid-base Balance

Red blood cell mass
regulation

Calcium—phosphorus Vitamin D regulation

control
Others

| VOLUME HOMEOSTASIS |

Fluid Overload

\ Blood pressure controy




Major Unmet Clinical Needs

/ 1. Highrisk of cardiovascular morbidity and mortality \

« Persistent hyperphosphatemia
« Left ventricular hypertrophy and heart failure

« Persistent hypertension
« Limited tolerability:of conventional hemodialysis

treatment
« Arrhythmias & Sudden Death

\\ 2. Diminished quality of life /

I More uremic toxins than urea I I Persistent volume overload I

Persistence Long Interdialytic Interval
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“It is Important to distinguish
adequacy of the dialysis from
adequacy of patient care”.l

-

\_

other dialysis parameters, if we want to increase dialysis

~N
We should focus on the patient, and focus on

adequacy and improve our patients’ outcomes
J

1. KDOQI. Am J Kidney Dis. 2015




Which other parameters
could be important
toomeasure dialysis adequacy
In order to improve
our patients’ outcomes?




Cardiovascular Morbidity

The high incidence of cardiovascular morbidity and mortality in dialysis patients is multifactorial

Risk Factors for Cardiovascular Disease in Chronic Kidney Disease

( Traditional Risk Factors )

* Age sdleft ventricular
» Male sex hypertrophy

« Hyperiension » Diabetes
#Smoking » Dyslipidemia

(Novel and Uremia-Related Risk Factors)

Oxidative stress Sympathetic activation
Subclinical hypothyroidism

Inflamimation | Uremic bone disease
Volume overload

Endothelial Protein-energy wasting
dysfunction

Anemia
Vascular calcification

Insulin resistance

Uremic toxins
Fat mass: adipokine imbalance
Genetics/epigenetics

Coagulation disorders

Atherosclerotic plaque

Perl J et al. Clin J Am Soc Nephrol, 2017
Floege J et al. Comprehensive Clinical Nephrology, 2015




Uremic Toxins

The uremic syndrome is the consequence of the retention of more molecules than urea alone.

Retention solutes of middle molecular size, play an important role in the pathogenesis of the
uremic state which contributes to the high mortality of dialysis patients

Free Water-5 Low-Molecular-Welght MW Frotein-Eound Solutes L Middle Moleoules MW
Guanidines AGEs Cytokines
ADMA 202 3-Demayglucosone 162 Interleukin-15 32,000
Argininic aod 175 Frsctoselysine 306 Interleukin-6 24,500
Creatinine 113 Glyoxal 58 Tumor necrosls factor 26,000
Guanidine ] Pentosidine 2 Peptides
Methylguanidine 73 Hippurate Adrenomedullin 5720
Peptide Hippuric acd 179 AMNP 3080
p-Lipotropin 451 Indoles F-Microglobulin 11,818
Polyols Indoxyl sulfate 251 B-Endorphin 3465
Erythritol 122 Melatonin 126 Cholecystokinin 3866
Myoinositol T30 Quinolinkc acld 167 Cystatin C 12,300
Sorbitol 182 Phenaols Delta sleep-inducing peptide B48
Threitaol 122 Hydroquinone 110 Hyaluronic acid 25,000
Purines p-Cresol 108 Laptin 16,000
Cytidine 234 Phenol 94 Mewropeptide ¥ 4572
Hypoxanthine 136 Polyamines PTH 9225
Uracll 112 Putrescine BB Ratinol-binding protein 21,200
Urkc acid 168 Spermidine 145 Other
Xanthine — t factor D 23.750
Pyrimidines
Orotic acd H
Thomine - High-flux membranes
ridine
Ribonucleosides . .
I-Methyladencsine - Convection therapies
Pzeudouridine
Xanthosine . . . .
O aiye - Increasing dialysis duration
Oxalate
Urea
oo, Leypoldt JK et al. Seminars in Dialysis 2016
e, . .
!g ’o Ronco C. Expanded Hemodialysis. Basel, Karger, 2017
8! . ..
amers Floege J et al. Comprehensive Clinical Nephrology, 2015
Soga; 0




Uremic Toxins

The uremic syndrome is the consequence of the retention of more molecules than urea alone.

Retention solutes of middle molecular size, play an important role in the pathogenesis of the
uremic state which contributes to the high mortality of dialysis patients

Free Water-5 Low-Molecular-Welght MW Frotein-Eound Solutes L Middle Moleoules MW
Guanidines s Cytokines
ADMA / \ e AT 32,000
Argininic aod t Interleukin-6 24, 500
Oreatinine K / Tumor necrosls factor o 26,000
Guanidine Vu rea aS Peptides
Methylguanidine Adrenomedullin 5720
Peptide adequacy target anp 3080
p-Lipotropin F-Microglobulin 11,818
Polyols p-Endorphin 3485
Erythritol Cheolecystokinin 3866
Myoinositol Cystatin C 12,300
Sorbitol Delta sleep-inducing peptide B48
Threitaol Hyaluronic acid 25,000
Purines Laptin 16,000
Cytidine Mewropeptide ¥ 4572
Hypoxanthine PTH 9225
Uracll Ratinol-binding protein 21,200
Urkc acid Other
¥anthine Complement factor D 23,750
Pyrimidines
Orotic acd .
P We are not measuring
Ribonucleosides
1-Mlethyladenosine Oth er
Pzeudouridine
¥anthosine H H
Oners Uremic Toxins
Malondialdehyde
Oxalate /
Urea :

Leypoldt JK et al. Seminars in Dialysis 2016
Ronco C. Expanded Hemodialysis. Basel, Karger, 2017
Floege J et al. Comprehensive Clinical Nephrology, 2015




Phosphate Removal

The kinetics of intradialytic phosphate removal, differ significantly from classic urea kinetics.

* Despite low molecular weight, its Intradialytic Kinetics of Phosphate
elimination is similar to a middle molecule: Removal and Mobilization

- Large distribution space, and its
difficulty moving from the intracellular
space

-y
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Q
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)]
@ 0.8
Q
* At the beginning of dialysis session there 0.6+
- - m -
is a decrease in serum levels; but then s Serum concentration
o O e e
because of mobilization of phosphiate from £ Mobilizati
oDliZzaton
the intracelullar space, serum phosphate Eo,z_
)] ] - N
reaches a constant level B - I Elimination
0.0 | I I I | I I I I
00 05 10 15 20 25 30 35 40

Dialysis time, hr

Phosphate needs more time than urea to decrease
In serum levels and its removal is directly related

to dialysis duration and frequency Kuhimann M. Blood Purif 2010

Daugirdas J.T, Seminars in Dialysis, 2015
Gutzwiller, JP et al.. Nephrol Dial Transplant 2017
& Floege J et al. Comprehensive Clinical Nephrology, 2015




B2- microglobulin Removal

The kinetics of intradialytic Beta-2-microgobulin removal differ significantly from urea kinetics,

and is the general marker for middle molecules

» Middle molecules removal is limited in
short sessions, because of their slower
inter-compartmental equilibration rates

* Residual renal function is the most
important factor that increases its
elimination

In anuric patientes:
The dialyzer clearance and the weekly
treatment duration are the most important
factors related to its removal

Predialysis serum Bs=microglobulin

40

(98]
o

=]
o

concentration (mg/L)

10

L 4 hours 3/week (12 hours/week)
e
B 8 hours_B_/vv_e.e?(E ‘hours/week)
Residual renal fun(;t];;] --------------- ‘_1 _hOUrS 6/week (24 hOUrS/Week)
e ————————————————
20 40 60 80

Extracorporeal Clearance of B,-microglobulin (mL/min)

Leypoldt JK et al. Seminars in Dialysis 2016
Roumelioti et al. Nephrol Dial Transplant 2017
Tangvoraphonkchai K, et al. Seminars in Dialysis 2017




Dialysis Adequacy

Kt/v Urea
Clearance

Adequacy
Parameters

Kt/v B2 1
Clearance

Phosphate Serury
Normal levels

Surrogate parameters of
middle molecules clearance

ONEY b,
P

F “go 1. Casino F et al. Nephrology Dialysis Transplantation, 2015




Cardiovascular Morbidity

The high incidence of cardiovascular morbidity and mortality in dialysis patients is multifactorial

Risk Factors for Cardiovascular Disease in Chronic Kidney Disease

( Traditional Risk Factors )

* Age bLeft ventricular
hypertrophy

Dyslipidemia

« Hyperiension

(Novel and Uremia-Related Risk Factors)

Sympathetic activation
Subclinical hypothyroidism
Inflammation Uremic bone disease
| Volume overload

Oxidative stress

Endothelial Protein-energy wasting

dysfunction
Insulin resistance

Anemia

Vascular calcification
Uremic toxins —

Fat mass: adipokine imbalance
Genetics/epigenetics

Coagulation disorders

Atherosclerotic plaque

Perl J et al. Clin J Am Soc Nephrol, 2017
Floege J et al. Comprehensive Clinical Nephrology, 2015




Volume Overload

Fluid overload is a major cause of morbidity and mortality in ESRD population.

Left Ventricular Myocardial
Mass Stunning

intradialytic

Hypertension Hypotension

Cardiovascular-
related death

Volume has been largely ignored, because solute clearance has
been the major issue in dialysis adequacy goals

e, John W M AGAR. Hemodialysis International 2015
| go Hakim RM, Saha S:. Kidney Int 2014
k ,;;-.-,eﬁ Zoccali C et al. 3 Am Soc Nephrol, 2017




Intradialytic Hypotension

How do we remove all that volume?

» [nadequate response to decreased
intravascular volume, when ultrafiltration rate
exceeds plasma refilling rate

= There is an association between rapid
ultrafiltration and increased mortality

» The safety and tolerability of the dialysis
procedure is related to the ultrafiltration rate,
which is determined by the interdialytic weight
gain and length of each session

Dialysis duration and ultrafiltration rate
are tightly related

Adjusted hazard ratio

Survival probability, %

Associations between UFR and
CV and all-cause mortality

CV mortality
All-cause mortality
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90
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UFR (ml/kg/h)

<6.8 ml/kg/hr
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Y

7 26.8 mllkgl}r" 1 p =0.012
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Davenport A, Hemodialysis International 2011
Hakim RM, Saha S:. Kidney Int 2014
Chazot et al; Blood Purification 2017




Volume Overload

“Yolume First Initiative” materializes the next best chance
to improve patients’ outcomes

Left Ventricular Myocardial
Mass Stunning

Intradialytic

Hypertension Hypotension

Cardiovascular-
related death

Extending treatment time or frequency is an effective way to address
volume control and tolerance of dialysis sessions,
with less dialysis-related morbidity and mortality

Weiner D, et al. Am J Kidney Dis, 2014
John W M AGAR. Hemodialysis International 2015




Dialysis Adequacy
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Dialysis Adequacy
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Sudden Cardiac Death

Leading cause of death in patients on maintenance dialysis, mainly related to

volume shifts and electrolyte disorders.

/Unadjusted percentages of deaths in \
2014 by cause, excludes missing/unknown

causes of death data among dialysis
patients. !

[l 1 and asto

[ ene

est

(]
[l other cardiac
Wl secticemia

[l other inection
Wl atiznancy
[ Hyperkatemia
W vithdrawa
[l # other causes

U

wm—Cardiovascular Mortality

s=Sud den Cardiac Death

Deaths per 100 patient-years

8

A A

Year

Annual rates of all-cause cardiovascular mortality and sudden cardiac death in maintenance dialysis patients.

Long Interdialytic interval is an important risk
factor for sudden Cardiac Death

Annualized CVD-Admission Rate
50+
45
40
35|
304

Any VD

Rate per 100 Person-Yr
~N
w
1

Mi Dysrhythmia

0 T T T T v T 1
HD, HDi+l HD, HD,sl  HD; HDul HD2

Day of Week

Has not been addressed
with Conventional HD prescription

1. USRDS Annual Data Report 2017

2. Wetmore J et al. Am J Kidney Dis. 2018
3. Basile C et al. J Nephrol 2017

4. Foley RN et al. N Engl J Med 2011




Sudden Cardiac Death

Modifiable risk factors for Sudden Cardiac Death in dialysis patients, related to dialysis procedure

Summary of Procedures and Techniques to Reduce Risk of Sudden Cardiac Death in the Hemodialysis Population

Recommendations

References

—y

Dietary counseling for potassium and fluid gain

Individualize and adjust potassium bath at least monthly for each patient; consider
point-of-care devices to measure potassium on a more regular basis

Do not use dialysate potassium concentration < 2 mEg/L, particulary if predialysis
potassium < 5 mEg/L; if patients present with high serum potassium level,
consider extending the dialysis time; but do not lower dialysate potassium
concentration to <2 mEq/L

Consider the use of dialysaie potassium proiiling (ie, start with dialysate concentration
of 4 mEg/L and gradually reduce it during the treatment to 2 mEg/L) when
predialysis potassium level is = 6.5 mEq/L

Adjust dialysate bicarbonate concentration (to achieve a target predialysis bicarbonate
of 20-22 mEg/L) and reduce the risk of severe intradialytic alkalosis

Reduce the risk of high ultrafiltration rate (=10 mL/kg/h) by sustaining dialysis time =4 h

Measure magnesium monthly and supplement magnesium if needed

Do not use dialysate calcium concentration < 2.25 mEg/L (and preferably maintain
at 2.5 mEg/L), particularly in combination with a low potassium bath in patients at
high risk of arrhythmias

Avoid the use of digoxin for heart failure or control of atrial fibrillation in hemodialysis
patients, and if unavoidable, consider using a higher potassium bath

Be aware of medications that prolong QTc interval, which may be prolonged further
by rapid shift in potassium, calcium, and magnesium concentrations

Bleyer et al®

Kamik et al,'® Pun et al,’*
Kovesdy et al,"® Jadoul et al'?

Redaelli et al®

Heguilen et al*

Flythe et all,32 Mcintyre et aI,SD
Burton et al®’

Sakaguchi et al*®

Genovesi et al,'” Pun et al*®

Chan®®

Data from the general population“'as

Hung A et al. Am J Kidney Dis. 2015




Sudden Cardiac Death

Modifiable risk factors for Sudden Cardiac Death in dialysis patients, related to dialysis procedure

Summary of Procedures and Techniques to Reduce Risk of Sudden Cardiac Death in the Hemodialysis Population

Dietary counselip
Individualize anc
point-of-care d
Do not use dialy,
potassium < £
consider exte
concentration
Consider the us
of 4 mEg/L a
predialysis po
Adjust dialysate
of 20-22 mE
Reduce the risk

Measure magne
Do not use dia

Avoid the use of
patients, and i
Be aware of me

by rapid shift in potassium, calcium, and magnesium concentrations

s
Avoid rapid electrolyte and.volume shifts | |-
during dialysis sessions e
1. Adjust dialysate composition
et al,*®
2. Adjust ultrafiltration rate
bt al®?
Mg CETETeT ererTTeTTTTegererar population®* %%

Hung A et al. Am J Kidney Dis. 2015




Dialysate Composition

Dialysate composition is a critical aspect of the dialysis prescription, if we want to avoid

rapid electrolyte shifts !

Often, the concentrations of key components may be determined by default, based on

dialysate manufacturer specifications or hemodialysis facility practices. ?

NaCl
cacl
KCL
maCl ~ &
Acetic acid ) 437 mEqlt
Dextrose 2 405.5 mEQ/L
2.5 mEG/L
4,0 mE9/L
2 0mEIL
3397 mEQL

K
HCOs 10 meq/t
400 mg/d!

Mg
Dextrose

Composition of Dialysates for

Bicarbonate Dialysis

Componsnt Range Ty pical
Electrolytes (mmaolsl)
Sodium 135-145 140
Potassium 0-4.0 2.0
Calciurm 0-2.0 125
Magnesium 0.5-1.0 0.75
Chloride ar-124 105
Buffers (mmol/)
Acetate 2-4 3
Bicarbonate 20-40 35
PrH 7.1-7.2 72
Pcoz (mm Hg) 40-100
Glucose o-11 ]
{0-200 mardl) (100 mg/di

Dialysate should be considered “as a drug to be adjusted” to
the individual patient’s needs

1. Am J Kidney Dis. 2015
2. McGill, Semin Dial. 2017

3. Floege J et al. Comprehensive Clinical Nephrology, 2015




Dialysate Composition

The electrolyte composition of dialysate is important for fluid management, hemodynamic tolerance and

prevention of arrhythmias

Electrolyte Impa
Dialysate Related with:
sodium * Manageme

concentration control
* Hemodinan}
1.
Dialysate Arrhythmias
potassium cardiac deatly 3

concentration

4,
Dialysate Related with:
bicarbonate » Manageme
concentration control
*Hemodinam?
Dialysate Related with
calcium * Intradialytic
concentration - Vascular ca D.
6.
Dialysate Arrhythmias
magnesium

concentration

cardiac deatl‘l

One-size-fits-all approach
IS not appropriate!

Avoid positive sodium balance
Avoid positive-calcium balance
Avoid high potassium gradient
Avoid low concentration:
Magnesium < 1mEq/L

Calcium <2 mEq/L
Potassium <2 mEq/L

Normalized pre-HD bicarbonate serum levels in

range of > 22 <26 mmol/l

Adjust Potassium, Calcium and Phosphate
concentration in nocturnal regimens

Recomendation

{fits-all approach is likely not
e

prescribed in the range of 134-
IL, with deviations based on
patient circumstances

fitive sodium balance

ze concentration to avoid high K

fmun concentration 2-3 mEg/L.
centration < 2 mEg/L.
dialysis should be 3 mEq/L.

d pre-HD bicarbonate serun
ne range of 22 to 26 mmol/l

ze concentration.
itive calcium balance

mun concentration 2,5 -3

centration < 2 mEg/L.
dialysis should be 3 mEqg/L.

centration < 1 mEq/L.

1

1

Karaboyas et al. Am J Kidney Dis, 2017

McGill, Semin Dial, 2017

Flythe J. Seminars In Dialysis, 2017




Dialysis Adequacy
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Residual Renal Function

Preservation of RRF has been considered an important aspect of peritoneal dialysis adequacy,
and should be considered in hemodialysis practice too.

Beneficial effects
extend to

Sustaining RRF is important for the dialysis patient because: very low levels

— Increases clearances of middle molecule and protein bound toxins
— Reduces inter-dialytic weight gains

— Increases blood pressure control ( RRF is strongly )
— Reduces inflammatory markers associated with
— Is associated with better nutrition status improvement in
— Is associated with better quality of life survival
g J

Novel markers of renal function may provide alternative methods of estimating RRF, which may
simplify its measurement

We cannot underestimate the maintenance of
residual renal function in HD patients

We must try to preserve it!

We should measure it! Shafi et al. Kidney Int. 2017
Davenport A. Hemodialysis International 2017
Tangvoraphonkchai et al.Seminars in Dialysis 2017




Dialysis Adequacy

Surrogate parameters
small and middle
molecules clearance

Determinant factor helps
achieving adequacy goals

Kt/v Urea
Clearance

Phosphate Seru
Normal levels

Exfracelullar volumne
Blood Presure
ormal Value

Adequacy
Parameters

Kt/v B2
Clearance
liddle Molecul

luid Removal
UF rate
<10 ml/kg/h

S

Persistance
Residual
Renal Functio

Individualize
Dialyasate
Composition
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Dialysis Adequacy

Surrogate parameters
small and middle
molecules clearance

Determinant factor helps

Kt/v Urea

Clearance

Exfracelullar volumne
Blood Presure
ormal Value

hosphate Seru
Normal levels

-

o

~

Dialysis adequacy cannot be a concept of
clerance of small solutes alone,
but a concept that concerns other factors

Hypertension

related to patient survival Y

achieving adequacy goals

Individualize
Dialyasate
Composition

Persistance

Residual
Renal Functio

Broader concept of Dialysis Adequacy

Left Ventricular
Mass

Myocardial
Stunning

Intradialytic
Hypotension

Cardiovascular-
related death

Surrogate parameters
volume control

Surrogate parameters
electrolyte shift




How do we achieve this broader concept of adequacy?

“We must change, not only what we are going
to measure related to dialysis parameters,
but also the way we are going
to prescribe dialysis”

“Adequate dialysis schedule”

?




How do we achieve this broader concept of adequacy?

Short
3 session/week
Conventional HD prescription

|sgarot adequate!!

This prescription is the minimum treatment
necessary to maintain life, but

it is inadequate in preventing dialysis-related

complications and in improving outcomes 1

- J

1. Y Watanabe et al. Ther Apher Dial, 2015




Review

Short, thrice-weekly hemodialysis is inadequate
regardless of small molecule clearance

Z.J. TWARDOWSKI
Division of Nephrology, Department of Medicine, Unive

I This way of thinking is not new!

Advantages of long dialysis

'From the above discussion, the advantages of long
dialysis to the patients are obvious: betier tolerance of
dialysis, better control of blood pressure, better removal of
middle molecules, better rehabilitation, and longer survival.

Twarrdowski ZJ. Kidney Internatio




Dialysis Dosing: Kinetics vs Physiology

The goal of dialysis is to restore the body’s intracelullar and extracelullar fluid environment toward that of healthy
individuals with functioning kidneys to the greatest extent possible.t

Conventional HD is far from
fluid and solute removal performed by healthy kidneys

Normal

eGFR Stage Continous
clearance

i
HDx3
|

eGFR (mI/min)v E ‘

1. Brenner and Rector's The Kidney, 2011
2. www.AdvancingDialysis.org




Dialysis Dosing: Kinetics vs Physiology

PD provides similar dialysis dose (standardized weekly Kt/V) to
that of thrice-weekly HD prescription, despite less efficient
small-solute clearance

Because it is a continuous and frequent treatment,
(compared with conventional HD), PD provides:

= More physiological clearance of solutes and water,
with less fluid and eletrolyte shifts

= Lessinterdialytic oscillations

= More clerance of middle molecules

= Better preservation of residual renal function

PD could offer a number of advantages over
conventional HD, at least during the first 2-3 years
when patients maintain residual renal function

A N HD Wk
- e
7.0 L F 7
2 g
6.0 1 &
: & 6
= 5.0
B} & 5
a0/ &
= o & 4
2 304 \¢
X 3
h=) U
= 2.0 2
1.0+ o 1
0.0 T T ' "
0.0 0.5 1.0 15 2.0

spKi/V each HD

The peak concentration hypothesis

3x Weekly
Therapy

Daily
Therapy

Mon Tues Wed Thurs Fri  Sat  Sun

Fluctuation

1. Locatelli F et al. Nephrol Dial Transplant. 2005
2. Gotch FA. Nephrol Dial Transplant, 1998
3. Floege J et al. Comprehensive Clinical Nephrology, 2015




Dialysis Dosing: Kinetics vs Physiology

The goal of dialysis is to restore the body’s intracelullar and extracelullar fluid environment toward that of healthy
individuals with functioning kidneys to the greatest extent possible.t

Do we think that it is enough to replace
only 10-15% of healthy kidney function?

Normal

I Transplant

eGFR Stage Continous
clearance

HD x 3 PDx7

eGFR (ml/min) E

1. Brenner and Rector's The Kidney, 2011
2. www.AdvancingDialysis.org




What else-should we do,
If we want to increase
dralysis dose?




Dialysis Dosing: Kinetics vs Physiology

1.  More solute removal

?

/ We still don’t know \

which solutes we SHOULD remove,
As well as

we still don’t know, which solutes
we SHOULD NOT removel!

\_ /




More Solute Removal

AJKD

Original Investigation

Effect of Hemodiafiltration or Hemofiltration Compared With
Hemodialysis on Mortality and Cardiovascular Disease in
Chronic Kidney Failure: A Systematic Review and Meta-analysis

A Cardiovascular outcomes
HDF

of Randomized Trials

Schiffl (2007)$

OK (2011)&
Grooteman (2012)*
Maduell (2013)$

Overall (12 = 41.7%, p = 0.16)

B All-cause mortality
HDF

Locatelli {1996)

Wizemann (2001)
Schiffl (2007)

OK (2011)

Grooteman (2012)

Maduell {2013)

Subtotal (I = 58.6%, p=0.03)

HF

RR (95% CI)
0.20 (0.01, 4.03)
0.82 (0.58, 1.15)
1.03 (0.83, 1.28)
0.66 (0.45, 0.99)

0.85 (0.66, 1.10)

— 3.62(1.27,1026)

0.46 (0.04, 4.68)
0.50 (0.05, 5.28)
0.80 (0.57, 1.12)
0.94 (0.78, 1.14)
0.69 (0.54, 0.88)
0.88 (0.66, 1.17)

Beerenhout {2005)
Santoro (2008)

Alvestrand (2011)
Subtotal (12 = 0.0%, p = 0.54)

HDF or HF
Locatelli {2010)
Subtotal (2=, p=.)

Overall (12 = 38.3%, p = 0.10)

Vi

GZ\-LQ{—— RN 0 N S

1.08 (0.07, 15.50)
0.58 (0.26, 1.29)
0.13 (0.01, 2.29)
0.55 (0.27, 1.15)

0.81 (0.231, 2.11)
0.81 (0.231, 2.11)

0.83 (0.865, 1.05)

Mo events/participants

HDF/HF

/50
1/23
1/38
52/391
131/358
85/456
2771316

113
732
0/18
8/63

TIve
776

292/1455

HD

6/155
2121
2/38

65/391
138/356
122/450

335M411

1114
12432

316
16/62

870
B8/70

3591543

Convective therapies provide:

Better middle molecule clearance

- Increase removal of inflammatory
mediators

- More hemodynamic stability
- Possibly better cardiovascular

outcome with high sustitution volumen
(> 20 L per sesion)

0.01
Favors HDF/HF

0.1

—/

I I
10 100

Favors HD

Wang A et al. Am J Kidney Dis. 2014




More Solute Removal

' Cochrane
uo? Library

Cochrane Database of Systematic Reviews

Haemodiafiltration, haemofiltration and haemodialysis for

end-stage kidney disease (Review) 2015 review update

Studies included: 40 (125 reports; 4150 participants)
Nistor I, Palmer SC, Craig JC, Saglimbene V, Vecchio M, Covic A, Strippoli GFM
Ongoing studies: 5 (5 reparts)

Studies excluded: 133 (149 reports)

Studies awaiting assessment: 7 (8 reports)

Authors’ conclusions

Convective dialysis may reduce cardiovascular but notall-cause mortality and effects on nonfatal cardiovascular eventsand hospitalisation
are inconclusive. However, any treatment benefits of convective dialysis on all patient outcomes including cardiovascular death are

unreliable due to limitations in study methods and reporting, Future studies which assess trearment effects of convection dose on
patient outcomes including mortality and cardiovascular events would be informative.

Nistor | et al. Cochrane Database of Systematic Reviews 2015




More Solute Removal

n dt Nephrol Dial Transplant (2017) 1-7

Nephrology Dialysis Transplantation  doi: 10.1093/ndt/gfx277

Mortality risk in patients on hemodiafiltration versus
hemodialysis: a ‘real-world’ comparison from the DOPPS

In this analysis, data from participants in seven European countries (Belgium, France, Germany, ltaly, Spain, Sweden and the
UK) in DOPPS Phase 4 (2009-11) and Phase 5 (2012-15) were used.

% of patients
60 -
HDF replacement fluid volume
50 1 - Conclusions. Our results do not support the notion that HDF
04. .
i u15.1-200L provides superior patient survival, Further trials designed to test
>20.0L .
o : the effect of high-volume HDF (versus lower volume HDF ver-
sus HD) on clinical outcomes are needed to adequately inform
2] clinical practices.
il i
Phase: 4 5 4 s 4 5 a 5 4 5 4 5 a 5

N pat: zas 478 847 248 671 596 684 553 614 577 804 899 747 705

Swed F Belgi Ital UK Spai G . .
- - e Y pam — Locatelli F et al. Nephrol Dial Transplant 2017




What should we do?

1.

More solute removal 2. | More volume control

v

?

.

More frequent and/or
longer sessions

J

More Weekly Treatment Time!




Longer sessions

Survival as an index of adequac

BERNARD CHARRA, EDOUARD CALEMARD, MARTIAL R
JEAN-CLAUDE TERRAT, THIERRY VANEL, an

This evidence IS not new!

Centre de rein artificiel JRain, Fraii
Kidrey International, Voll 41 (1992), pph. 1286—1291

Tassin's artificial kidney center's experience

This group reported one of the best dialysis survival
estimates of any program or registry

100

~
~

52

%
33

5 10 12 15 20

HD duration, years
Long-term survival (%) of patients in four
series: USRDS, EDTA,; Japan and Tassin

Eight hours of dialysis three times/week
(24 hours/week) (Kt/V of 1.67)

it_takes anywhere near eight hours of dialysis to achieve
sufficient ultrafiltration to control blood pressure. What we do
believe though, is that sometimes it takes longer to remove
enough fluid to control blood pressure than it does to provide an
adequate dose of dialysis.

BUBRLLLLIRFRERAL  QheERy COIRE DDWRALEERSIWA R WAL WL TTLIWEL BN Y WwlILG Y
survival. Beyond that, it provides more than enough time for
ultrafiltration to maintain dry weight and control blood pressure
so effectively that antihypertensive medications are very sel-
dom needed. This feature of our program is perhaps the most
important factor contributing to our survival results.

Charra et al. Kidney International, 1992




Blood Pressure Control

Effects of Intensive HD vs conventional HD on predialysis systolic blood pressure in FHN Daily Trial,
FHN Nocturnal Trial, and Canadian Nocturnal Trial.

Intensive
FHN Daily Trial

Conventional

Intensive
FHN Nocturnal Trial

Conventional

Intensive
Canadian Trial

Conventional

FHN Daily Trial
FHN Nocturnal Trial

Canadian Trial
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Left Ventricular Hypertrophy

e

AOTHy

Effects of Intensive HD vs conventional HD on regression of left ventricular mass in FHN Daily Trial, FHN
Nocturnal Trial, and Canadian Nocturnal Trial.

Intensive
FHN Daily Trial

Conventional

Intensive
FHMN Nocturnal Trial

Conventional

Intensive
Canadian Trial

Conventional

FHMN Daily Trial
FHMN Nocturnal Trial

Canadian Trial

Left ventricular mass (grams)
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| P
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[ ! ! ! ! |
-30 —24 —18 —12 -6 o}

Treatment effect (grams, intensive versus conventional)

McCullough et al. Am J Kidney Dis. 2016




Intradialytic Hypotension

ST

AOTHy

Incidences of levels |, I, and Ill intradialytic hypotension for Intensive HD versus conventional HD in the

FHN Daily Trial and the FHN Nocturnal Trial.

15

O Levell
O Lewvel Il
| W Level Il
21%
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- REDUCTION

-

[ [
Conventions! Conventions
FHM Daily Tral FHN MNocturnal Trial

1. Morfin et al. Am J Kidney Dis. 2016
2. www.AdvancingDialysis.org




Phosphate Removal

Effects of Intensive HD vs conventional HD on serum phosphote levels in FHN Daily Trial, FHN Nocturnal
Trial, and Canadian Nocturnal Trial.

Intensive
FHHN Daily Trial

Comentional

Intensive
FHM Mocturnal Trial

Comventional

Intensive
Canadian Trial

Comventional

FHN Daily Trial
FHM Mocturnal Trial
Canadian Trial

4.0

Distribution of equivalent phosphorus binding dose for
intensive versus conventional 2

Serum phosphorus (mg/dL)
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T 1
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Intensive
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T T 1
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1. Copland et al. Am J Kidney Dis. 2016
2. AdvancingDialysis.org




Health-related quality of life

Effects of Intensive HD vs conventional HD on the physical and mental health composite score in FHN
Daily Trial, FHN Nocturnal Trial, and Canadian Nocturnal Trial.

Intensive

FHN Daily Trial

Conventional

Intensive

FHN Nocturnal Trial

Conventional

FHN Daily Trial

FHN Nocturnal Trial

Canadian Trial

Physical-Health Composite Score (PCS)
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Kraus et al. Am J Kidney Dis. 2016




Intensive HD

NDT

o A e Hame Herrcd ass 3 ﬁumparahie o Deceased Done i Terp
Survival among nocturnal home haemodialysis patients compared | St o I ket ace U
to kidney transplant recipients ) ' f 1 "

Study compared the survival of patients who receive a Kidney transplant
Chrstopher T, Chan’ or started IHHD between October 1st 1997 and June 30th 2014 in the
same Virginia rFegion in the U.S.A

Robert P. Pauly', John . Gil, Caren L. Rose?, Reem A. Asad®, Anne Chery®, Andreas Picrralos® and

Using data from two regional Noctunal HD orogrammes from Canada and the USRDS from

1994 to 2006, performed a matched cohort study comparing survival between NHD and Survival by treatment modality
deceased and living donor Kidney transplantation 1.0 0
"1 =
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Pauly r et al. NephrolDial Transplant. 2009 Nishio Lucar et al. ASN Kidney Week. New Orleans 2017




JASN

J Am Soc Mephrol. 2014 Sep; 26(8): 2113-2120.

Survival and Hospitalization for Intensive Home Hemodialysis Compared

with Kidney Transplantation

Canadian patients receiving intensive home hemodialysis
(IHHD; 216 hours per week) vs kidney transplant

Time-to-death or treatment failure comparing IHHD patients and
kidney transplant recipient subtypes
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Dialysis Dosing: Kinetics vs Physiology

eGFR Stage Continous

clearance

More frequent and longer dialysis prescription is the
dialysis option that more closely mimics the kidney's function

Normal

I Transplant

[l
HDx 6

I nocturnal

IV

HDx5

HD x 3 PDx7

|
|
\%

eGFR (ml/min) ;

1. Brenner and Rector's The Kidney, 2011
2. www.AdvancingDialysis.org
3. Locatelli et al. Blood Purif 2015




Why do we
continue prescribing
Shaort 3'sesstons/week
e for the majority of our patients?




This is not the result of demonstrated clinical
superiority of the prescription
put Itis-the result of
Increasing financial and logistical pressures!

Policy makers must work with the renal professional,
to ensure that financing approaches to control costs,
do not adversely impact the quality of care 2

1. Collins AJ. Am J Kidney Dis. 2016
2. Swaminathan et al. Health Aff (Millwood). 2012




Is.ittime
to change?




Dialysis Adequacy

Relevant studies that have changed dialysis adequacy over years.

First serious

approach to

quantifying
dialysis
Wolf et al

1951

1949

First HD in
North
America
Performed
by Murray

Equilibrated Is not enough!!
Kt/v
Daugirdas
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Babb et al y y HDF
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1983 2002 2003
NCDS ADEMEX Hong Kong Study
Study trial (Lo et al)

Conventional HD
Short thrice-weekly

Is not enough!!

Kt/v urea as the only
adequacy parameter

2008 2012
MPO CONTRAST
Study




Dialysis Adequacy

\
Relevant studies that have changed dialysis adequacy over year TI M E TO MOVE
/
If we really want to change
onrosch o Equilibrated our patient’s outcomes
quantifying Kt/v
dialysis Daugirdas
Wolfetal - Hypothesis NECOSAD ESHOL
“Square URR EAPOS Last
meter hour” by Lowrie C'AéTL(JjSA HSEN(;O Study N ,tﬁ\lbertle}r il _I_F!_Hl\l Turkish  Guideli
Babb et al uay uay octurnal Iria rials HDE
1951 1971  1990s 1996 - 2002 2003 2007  2010-2011 2013 2015

1949 1983 2002 2003 2008 2012
First HD in NCDS ADEMEX Hong Kong Study MPO CONTRAST
North Study trial (Lo etal) Study
America
Performed
by Murray




Conclusions

1. After 3 decades of focusing on adequacy prescription defined by Kt/Vurea, we
must change our approach.

2. The unmet clinical needs derived from conventional hemodialysis
have prompted questions about the validity of the current adequacy goal, and
have generated interest in other clinical parameters for patient's outcomes that
may be more important than selute removal.

3. Weekly treatment time is the one factor with the potentially highest impact on
dialysis dose, that can help achieve more solute clearance as well as more
volume control.




Conclusions

7.

We need to think whether, instead of prescribing conventional HD for the majority of
patients, we can turn to alternative dialysis prescriptions probably starting with
patients who have a longer life expectancy, and with those that can specifically
benefit from alternative dialysis schedules.

Home dialysis is an attractive and cost-effective modality to increase time and
frequency due to favorable logistics; and also offers more freedom and quality of
life.

When home dialysis'is not possible, we need to think of different possibilities to
increase time and frequency, but in an in-center setting, such as:

More nocturnal dialysis

4 times/week sessions

Alternate-day sessions

Further studies are required to compared different dialysis prescriptions




Conclusions

In the near future, we can have
a different picture of RRT worldwide,

with an improvement of patient’s
outcomes, because of a change in

\Nephrologists’ way of thinking!! )

The FUTURE iIs
In our HANDS!!
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