KDOQI Hemodialysis Adequacy
Clinical Practice Guideline Update 2015:
What You Need to Know
Rita S. Suri, MD, MSc, FRCPC
Presentation for National Renal
Administrators’ Association
April 20, 2016

Acknowledgements
This slide deck was originally created by Dr. Thomas
Depner, KDOQI Hemodialysis Adequacy Co-Chair, and
modified by Dr. Rita Suri, Workgroup member.
Thank you to Laura Brereton for editing the slides and
providing administrative support.

Hemodialysis Adequacy Work Group Members
Jeffrey Berns, MD, University of Pennsylvania, PA
John Daugirdas*, MD, University of Illinois, Chicago
Tom Depner*, MD, University of California, Davis
Jula Inrig, MD, Duke University, N.C.
Rajnish Mehrotra, MD, University of Washington, Seattle
Michael Rocco, MD, Wake Forest , Winston Salem, NC.
Rita Suri, MD, University of Montreal, Quebec, Canada
Daniel Weiner, MD, Tufts Medical Center, Boston, MA
*co-chair

Evidence Review Team: Univ. of Minnesota Dept. of Medicine
Nancy Greer, PhD
Areef Ishani, MD
Roderick MacDonald, MS
Carin Olson, MD
Indulis Rutks, BS
Yelena Slinin, MD
Timothy Wilt, MD (Project Director)

Workgroup Disclosure:
All members of the Work Group are required to complete, sign,
and submit a disclosure and attestation form showing all such
relationships that might be perceived as or actual conflicts of
interest. This document is updated annually and information is
adjusted accordingly.

Disclosure Statement
Dr. Suri reports no relevant financial relationships.

Outline
• Defining “adequacy”
• Evidence Grading Scale
• Guideline Categories
1. Timing of Dialysis Inititiation
2. Frequent and Long Duration Hemodialysis
3. Measurement of Dialysis: Urea Kinetics
4. Volume and Blood Pressure Control
5. Hemodialysis Membranes and Convective Therapies
• Summary of Differences between 2015 Update and 2006
• Discussion

“Adequacy” of Dialysis
• Has traditionally reflected adequacy of small solute clearance
• Thus, these guidelines pertain to the dialysis procedure itself
HOWEVER:
Adequacy of dialysis

≠ adequacy of patient care

ü Optimal patient care entails attention to many aspects
other than small solute clearance
eg. nutrition, anemia, metabolic control, vascular access,
diabetes, cardiovascular disease, etc.
ü Quality of life, caregiver burden, and individual patient
values and preferences also require consideration

Structure of the Guideline Update
Recommendation Strength
Level 1
“We recommend”

Most patients should receive the
recommended course of action.

Level 2
“We suggest”

Different choices will be appropriate for
different patients. Each patient needs
help to arrive at a management decision
consistent with her or his values and
preferences.

Grade of the Evidence
Grade A

High quality of evidence. We are confident that the
true effect is close to that of the estimate of the effect.

Grade B

Moderate quality of evidence. The true effect is likely
to be close to the estimate of the effect, but there is a
possibility that it is substantially different.

Grade C

Low quality of evidence. The true effect may be
substantially different from the estimate of the effect.

Grade D

Very low quality of evidence. The estimate of effect is
very uncertain and often will be far from the truth.

Ungraded

Typically included to provide guidance based on
common sense, where adequate evidence is lacking.

Guideline 1: Timing of Hemodialysis Initiation
1.1 Pa&ents who reach CKD stage 4 (GFR < 30 mL/min/1.73 m2),
including those who have imminent need for maintenance
dialysis at the &me of ini&al assessment, should receive
educa.on about kidney failure and op.ons for its treatment,
including kidney transplanta&on, PD, HD in the home or incenter, and conserva&ve treatment. Pa&ents' family members
and caregivers also should be educated about treatment
choices for kidney failure. (Ungraded)
This is an ungraded statement as there is minimal to no evidence
evalua&ng the value of pa&ent educa&on in this seNng; however, the
the poten&al for educa&on and knowledge to improve pa&ent
empowerment and autonomous decision-making was recognized by
the workgroup.

Guideline 1. Timing of Hemodialysis Initiation
1.2 The decision to ini.ate maintenance dialysis in pa&ents who
choose to do so should be based primarily upon an assessment
of signs and/or symptoms associated with uremia, evidence
of protein-energy was&ng, and the ability to safely manage
metabolic abnormali&es and/or volume overload with medical
therapy rather than on a speciﬁc level of kidney func.on in
the absence of such signs and symptoms. (Ungraded)
This statement was based primarily on the ﬁndings of the IDEAL trial.
However, given the controversy in this ﬁeld, and that the symptoms
and signs of the uremic syndrome are ill-deﬁned, this statement was
leU ungraded.

Observational studies show higher eGFR at dialysis initiation
is associated with increased mortality

However, higher residual kidney clearance at dialysis initiation
KDOQI HD Adequacy
2015 Update
isGuideline:
NOT associated
with increased mortality
Table 3. Summary Data From Observational Studies That Assessed the Association Between Measured Kidney Function at the Time
of Initiation of Dialysis and Risk for Death

Study

Bonomini79 (1985)

FO

Tattersal80 (1995)

Sample
Size

340

63

Beddhu66 (2003)

Single Italian center

CLcr

HR (95% CI) for Association of Kidney
Function at Time of Dialysis Initiation
With Death Risk

12-y survival in early dialysis group:
(mean CLcr, 12.9 mL/min), 77%;
late dialysis group (mean CLcr,
2.1 mL/min): 51%; no adjustment
made for differences in patient
characteristics
Mean renal Kt/Vurea lower in 6
individuals who died; no adjustment
made for differences in patient
characteristics

1991-1992 Renal Kt/Vurea

680

Canadian-USA Study on
Adequacy of Peritoneal
Dialysis (CANUSA)

9/199012/1992

24-h mean of urinary
urea clearance and
CLcr

For every 5-L/wk higher mGFR: 0.95
(0.91-0.99)

1,072

Dialysis Morbidity and
Mortality Study, USA
Netherlands Cooperative
Study on the Adequacy
of Dialysis (NECOSAD)

1996-1997 Assumed 24-h urinary
CLcr
1997-2005 24-h mean of urinary
urea clearance and
CLcr

For every 5-mL/min higher CLcr: 0.98
(0.86-1.14)
Highest tertile of mGFR (reference:
lowest tertile of mGFR): 1.0
(0.7-1.3)

569

EV

R

Grootendorst74
(2011)

Study Site

Measure of Kidney
Function

Single UK center

R

Churchill81 (1997)

Study
Period

Abbreviations: CI, confidence interval; CLcr, creatinine clearance; HR, hazard ratio; mGFR, measured glomerular filtration rate; UK,
United Kingdom; USA, United States.

without dialysis), facilitating placement of permanent access, and starting dialysis in a timely
manner.27 Second, maintenance dialysis should not

I

whether the individual is an appropriate candidate
for kidney transplantation and/or maintenance dialysis, providing education about different dialysis

IDEAL Randomized Controlled Trial
Cooper et al, NEJM, 363:609-619, 2010

• 32 centers in Australia/NZ
• 828 pa.ents with CrCl 10-15 ml/min/1.73 m2
• Randomized to start HD early (CrCl = 10-14) vs. late (CrCl = 5-7).
• High crossover rate:
-19% earlies started late; 76% of lates started early
-as treated CrCl values were 12.0 vs. 9.8 (eGFR 9.0 vs. 7.8).
• There were no observed diﬀerences in mortality (primary
outcome) or in secondary outcomes (cardiovascular events*,
infec&ous events, complica&ons of dialysis, cost, nutri&onal
status, quality of life, cardiac structure or func&on).
*CV death, nonfatal MI, nonfatal stroke, Transient ischemic attack, new angina

IDEAL Study: Time to Start of Dialysis

IDEAL Study: Time to Death

Guideline 2: Frequent and Long Duration HD
In-center Frequent Hemodialysis
2.1 We suggest that pa&ents with end-stage kidney disease be
oﬀered in-center short frequent hemodialysis as an alterna&ve to
conven&onal in-center thrice weekly hemodialysis aUer
considering individual pa.ent preferences, the poten.al quality
of life and physiological beneﬁts, and the risks of these
therapies. (2C)
2.2 We recommend that pa&ents considering in-center short
frequent hemodialysis be informed about the risks of this
therapy, including a possible increase in vascular access
procedures (1B) and the poten&al for hypotension during
dialysis. (1C)

Guideline 2: Frequent and Long Duration HD
Home Long Hemodialysis
2.3 Consider home long hemodialysis (6-8 hours, 3 to 6 nights per
week) for pa&ents with end-stage kidney disease who prefer this
therapy for lifestyle considera&ons. (Ungraded)
2.4 We recommend that pa&ents considering frequently
administered home long hemodialysis be informed about the
risks of this therapy, including possible increase in vascular
access complica.ons, poten.al for increased caregiver burden,
and accelerated decline in residual kidney func.on. (1C)
2.5 During pregnancy, women with end-stage kidney disease should
receive frequent long hemodialysis either in-center or at home,
depending on convenience. (Ungraded)
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Limitations: Limited covariate adjustment. Residual confounding and coding bias could not be excluded.
Possible type 2 statistical error due to limited sample size of home HD and enhanced-frequency HD cohorts.
Conclusions: Daily variation in the pattern of cardiac deaths was observed in HD patients receiving 3 or fewer
dialysis sessions per week, but not in PD, home HD, and HD patients receiving more than 3 sessions per week.
Am J Kidney Dis. 61(1):96-103. Crown Copyright © 2012 Published by Elsevier Inc. on behalf of the National Kidney
Foundation, Inc. All rights reserved.

PD

te per 100 Person-Yr

Patients with end-stage renal disease requiring dialysis have limited tolerance of
metabolic
15 and volume-related deviations from normal ranges; in addition, the prevBackground
alence of cardiovascular disease is high among such patients. Given these problems,
Patients with end-stage renal disease requiring dialysis have limited tolerance of
Cardiac
we hypothesized
thatcauses
a long interdialytic interval is associated with adverse events
metabolic and volume-related deviations from normal ranges; in addition, the prevHD
in patients
receiving hemodialysis.
10
alence of cardiovascular disease is high among such patients. Given these problems,
we hypothesized that a long interdialytic interval is associated with adverse events
inMethods
patients
5 receiving hemodialysis.
curred more frequently on the day after the long
Infectious
causes in the End-Stage Renal
We studied 32,065
participants
Disease
Clinical Performance
Vascular
causes
Measures
Project,
a
nationally
representative
sample
of
U.S.
patients
receiving
heinterdialytic interval than on other days, including
Methods
modialysis
three times
weekly,inatthe
theEnd-Stage
end of calendar
years 2004
through
2007. We
0 32,065
We
studied
participants
Renal Disease
Clinical
Performance
all-cause mortality, mortality from cardiac causes,
comparedProject,
rates
cardiovascular-related
hospital
admissions
day
HD1ofadeath
HDand
HD2
HD
HD3 patients
HD3receiving
+1 on the
HDhe1+1 representative
2+1 of U.S.
3+2
Measures
nationally
sample
infection-related mortality, mortality from cardiac
after the long
(2-day)
interval
rates on other days.
modialysis
three
timesinterdialytic
weekly, at the
endDay
ofwith
calendar
of Weekyears 2004 through 2007. We
arrest, and mortality from myocardial infarction.
compared rates of death and cardiovascular-related hospital admissions on the day
Results
after
the
long
(2-day)
interdialytic
interval
with
rates
on
other
days.
Similar patterns were observed for hospital adB The
Annualized CVD-Admission Rate
mean age of the cohort was 62.2 years; 24.2% of the patients had been receiving
50 treatment for 1 year or less. Over a mean follow-up interval of 2.2 years, the
missions with myocardial infarction, congestive
dialysis
Results
Any CVD
following
event
rates
were was
higher
the day
after
the patients
long interval
thanreceiving
on other
45 age
heart failure, stroke, dysrhythmia, and any of these
The
mean
of the
cohort
62.2on
years;
24.2%
of the
had been
INDEX WORDS: Cardiac failure; cardiovascular disease; cerebrovascular accident; hemodialysis; hyperkaledays:
all-cause
mortality
(22.1
vs.
18.0
deaths
per
100
person-years,
P<0.001),
mortalmia;
peritoneal
septadian
infarction;
incidence;
prevalence;
stroke; sudden
dialysis40treatment for 1 year or less. Over a mean follow-up interval of 2.2 years, the
cardiovascular
events.rhythm;
Subgroup
analyses
suggestFiguredialysis;
2. Occurrence
ofmyocardial
cardiac
deaths
in 10,338
hemodialyity from cardiac
causes
(10.2
vs. 7.5,
infection-related
mortality
2.1,
cardiac death; treatment modality.
following
event rates
were
higher
onP<0.001),
the day after
the long interval
than(2.5
onvs.
other
sisthat
(HD;this
black
bars)
4,298
peritoneal
35 mortality from cardiac arrest (1.3 vs. 1.0, P = 0.004), mortality from
ed
excess
ofand
adverse
events
on thedialysis
day (PD; white
P = 0.007),
CHF
days:
all-cause
mortality (22.1 vs. 18.0 deaths per 100 person-years, P<0.001), mortalbars)
patients
in
Australia
and
New
Zealand
myocardial
infarction
(6.3
vs.
4.4,
P<0.001),
and
admissions
for
myocardial
infarc30cardiac causes (10.2 vs. 7.5, P<0.001), infection-related mortality (2.5 vs. 2.1,
after the
long the
interdialytic
interval
was close
toin 1999-2008,
ity from
factors commonly found in adv
ardiovascular
diseasetoisthe
primary
cause
of ofnontraditional
tion
(6.3
vs.
3.9,
P<0.001),
congestive
heart
failure
(29.9
vs.
16.9,
P<0.001),
stroke
according
day
of
the
week
death.
P = 0.007),
from cardiac arrest (1.3 vs. 1.0, P = 0.004), mortality from deathbeing
253.1,mortality
a generalized
phenomenon.
chronic kidney disease, such as abnormal ca
in dialysis
patients, responsible
for up to
(4.7 vs.
P<0.001), (6.3
dysrhythmia
(20.9 vs.and
11.0,
P<0.001), and
any cardiovascular
myocardial
infarction
vs. 4.4, P<0.001),
admissions
for myocardial
infarcmetabolism,
40%
of
deaths
in
Australia,
New
Zealand,
and
the
20
event
(44.2
P<0.001).
Despite the widespread clinical phosphate
impression
that anemia, malnutrition, i
tion
(6.3
vs. vs.
3.9,19.7,
P<0.001),
congestive heart failure (29.9 vs. 16.9, P<0.001), stroke
mation, oxidative stress, hyperhomocysteinem
United States.1,2 The increased incidence of cardiovas-

C

3,5-8

Physiological Ra&onale for Frequent and Long HD
•

greater weekly small solute clearance as more &me spent on the “steepest
part” of removal curve

•

decreased ﬂuctua&ons in solute concentra&ons ...less “uremia”?

•

greater ease of ultraﬁltra&on …..beher volume/ BP control, ↓symptoms

•

greater clearance of phosphate and beta-2M, whose removal is &me
dependent…..
….improved CV outcomes?

0

90

180
270
Time (mins)

360

Depner TA et al, as reproduced in:
Suri RS and Kilger AS: Frequent Hemodialysis, in Chronic Kidney Disease, Dialysis, and
Transplantation (3rd ed.), Himmelfarb J and Sayegh MH (editors), pp. 370-384, 2010.

Frequent Hemodialysis Network (FHN) randomized
trials: Study design
RS Suri1, AX Garg1, GM Chertow2, NW Levin3, MV Rocco4, T Greene5, GJ Beck5, JJ Gassman5, PW Eggers6,
6
7
8
, DB Ornt
and
AS
Kliger
RA StarDAILY
TRIAL (N=245), for the Frequent Hemodialysis Network (FHN) Trail Group
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University Baptist Medical Center, Winston-Salem, North Carolina, USA; 5Department of Quantitative Health Sciences, Cleveland Clinic
Foundation, Cleveland, Ohio, USA; 6National Institute of Diabetes and Digestive Kidney Diseases, National Insititutes of Health, Bethesda,
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in-center daily HD 1.5-2.75 hrs 6 d/wk OR In-center
conven&onal HD

NOCTURNAL TRIAL (N=87)
home nocturnal HD >6 hrs 6KEYWORDS:
days/wk
OR
conven&onal
HD
quality
of home
life; randomized
controlled trials; frequent
Observational studies suggest improvements with frequent

-

hemodialysis (HD), but its true efficacy and safety remain
uncertain. The Frequent Hemodialysis Network Trials Group
q
is conducting two multicenter randomized trials of 250
subjects each, comparing conventional three times weekly
HD with (1) in-center daily HD and (2) home nocturnal HD.
q
Daily HD will be delivered for 1.5–2.75 h, 6 days/week, with
target eKt/Vn X0.9/session, whereas nocturnal HD will be
q
delivered for X6 h, 6 nights/week, with target stdKt/V of
X4.0/week. Subjects will be followed for 1 year. The
composite of mortality with the 12-month change in (i) left
ventricular mass index (LVMI) by magnetic resonance
imaging, and (ii) SF-36 RAND Physical Health Composite
Suriare
RSspecified
et al, Kidney
Int 71(4):349-59,
2007.main
(PHC)
as co-primary
outcomes. The seven
secondary outcomes are between group comparisons of:
change in LVMI, change in PHC, change in Beck Depression

Follow-up 1 year

hemodialysis; left ventricular hypertrophy

The prevalence of end-stage renal disease is increasing, the
cost of therapy is high, and the disease and treatment are
associated with significant mortality and loss in patient
quality of life.1–4 In-center three times weekly hemodialysis
(HD) remains the major treatment modality, and the 20%
annual mortality rate of HD patients in the US has changed
little over the last decade.5,6 Improvements in HD delivery
are clearly needed.
In an effort to improve outcomes, some centers have
implemented frequent HD regimens in selected patients.
Typically delivered as either short daily (1.5–3 h/session,
6 days/week) or long nocturnal (6–8 h/session, 5–7 nights/week)
treatments, in-center or at home, frequent HD provides

2 co-primary outcomes: 1) LV mass or death

2) QOL or death

Several secondary and safety outcomes, not powered for hard
outcomes
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Survival (mo)
Change in PHC Score among Survivors
FHN
Daily Trial RESULTS
(n=245)

C Main Secondary Outcomes
Outcome
LV mass
Physical-health composite score
Beck Depression Inventory score
Predialysis albumin
Predialysis phosphorus
ESA dose
Predialysis systolic blood pressure
Trail Making Test Part B
Death or hospitalization unrelated
to vascular access

Effect Measure

Estimated Standardized Effects (95% CI)

Mean decrease
Mean increase
Mean decrease
Mean increase
Mean decrease
Mean decrease in log
Mean decrease
Negative log relative risk
Negative log hazard ratio
−1.0

−0.5

0.0

0.5

1.0

Standard-Deviation Units
Conventional Better

Frequent Better

‣

Daily HD improved quality of life, leU ventricular mass index,
comparing blood
conventional
and more
frequent
he- pertension
and multiple metabolic factors were
pressure,
and
pre-dialysis
phosphorus.
modialysis. DePalma et al.25 reported the initial
findings regarding an increased frequency of hemodialysis more than 40 years ago; in 1988,
FHN Trial Group. NEJM 363(24): 2287-300, 2010
Buoncristiani et al.26 found that control of hy-

improved when patients underwent hemodialysis
five to six times per week. Ting et al.27 showed
that among 42 patients who responded poorly to
conventional hemodialysis, frequent in-center he-

Chertow, et al., NEJM 2010

Chan CT et al. Circ Cardiovas Imaging 2012

Survival: FHN Daily Trial

Figure 2. Kaplan-Meier curves depicting survival of patients randomized to the frequent and conventional hemodialysis groups. (A)
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FHN Nocturnal Trial RESULTS
o r i g(n=87)
inal article

requent home nocturnal hemodialysis

Outcome

Effect measure

Estimated standardized effects, 95% Cls
Favors conventional

LV mass

- Mean ∆

Physical health composite score

- Mean ∆

Beck depression inventory

- Mean ∆

Predialysis albumin

- Mean ∆

Predialysis phosphorus

- Mean ∆

ESA dose

- Mean ∆ log

Predialysis systolic BP

- Mean ∆

Trail making B

- Log RR

Non-access hospitalization/death

- Log HR

Favors nocturnal

• Nocturnal trial

largely negative,
underpowered.

• No change in QOL.
• Some

–1.0

–0.5

0.0

0.5

1.0

Standard deviation units

improvements in
blood pressure, and
pre-dialysis
phosphorus.

secondary results. The calculation of the standardized effect sizes is described in ref. 16.
re; CI, confidence interval; ESA, erythropoiesis-stimulating agent; HR, hazard ratio; LV, left ventricular.

FHN Trial Group. Kidney International 80(10): 1080-91, 2011

se events
Conventional
(n=42)a

Frequent
nocturnal (n=45)a

Hazard ratio
(95% confidence interval)

P-value

Alberta Nocturnal Trial RESULTS (n=51)
NOCTURNAL VS CONVENTIONAL HEMODIALYSIS AND LEFT VENTRICULAR MASS

Table 2. Outcomes for LV Mass, Blood Pressure, Anemia, and Mineral Metabolism a
Characteristic
LV mass, mean (SD), g
Baseline

Nocturnal
Hemodialysis b
(n = 26)

Conventional
Hemodialysis b
(n = 25)

Between-Group
Comparison
(95% CI) c

177.4 (51.1)

181.5 (92.3)

−4.1 (−49.5 to 41.3)

Exit

163.6 (45.2)

183.0 (84.2)

−19. 4 (−60.5 to 21.7)

Change

−13.8 (23.0)

1.5 (24.0)

92.4 (26.6)

101.8 (50.6)

Exit

85.3 (23.2)

102.8 (46.1)

Change

−7.1 (12.4)

1.0 (14.1)

LV mass, mean (SD), g/m2
Baseline

Blood pressure, mean (SD), mm Hg
Systolic
Baseline
Exit

‣

−15.3 (−29.6 to −1.0) d
−9.4 (−34.0 to 15.2)
−17. 5 (−39.8 to 4.6)
−8.1 (−16.2 to −0.1) d

129 (23)

135 (19)

−6 (−17 to 6)

122 (23)

139 (20)

−17 (−28 to −4)

−7 (29)
4 (17)
−11 (−24 to 2)
Nocturnal
HD
improved
LV
mass,
BP,
and
phosphate,
but not
Diastolic
Baseline
75 (14)
77 (16)
−2 (−10 to 7)
quality
of
life
or
anemia.
Exit
68 (16)
75 (12)
−7 (−15 to 1)
Change

Change
Anemia, mean (SD)
Culleton
al,(SD),
JAMA
Hemoglobin, et
mean
g/dL
Baseline

−7 (16)

298(11); 1291 -1299, 2007

−2 (12)

−5 (−13 to 2)

11.9 (1.2)

11.7 (1.3)

0.2 (−0.4 to 0.9)

Exit

11.6 (1.2)

11.8 (1.1)

−0.2 (−0.8 to 0.5)

Change

−0.3 (1.3)

0.1 (1.4)

−0.4 (−1.2 to 0.3)

Survival: FHN Nocturnal Trial

Figure 2. Survival during the randomized trial and the posttrial
period. Note that one individual in the conventional arm who died
5.8 years after randomization is not shown. Abbreviations: CI,
confidence interval; HR, hazard ratio.
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Compared with conventional hemodialysis, the HR of having

Vascular access complica&ons
were increased with frequent
HD in the FHN trials
HR = 1.76 (1.1 – 2.8). P = 0.017

• Primary composite outcome: time to 1st
² Access repair = any procedure carried
out on the access
² Access loss = anytime a NEW access
was required (this included catheter
rewires but did NOT include elective
catheter removals)

b
b
9

D

HR = 1.81 (0.9 – 3.5). P = 0.076

² Access-related hospitalisation
Suri RS et al, JASN, Mar 2013
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Figure 1. Kaplan-Meier curves of time to ﬁrst access repair, access
loss, or access hospitalization. (A) Daily Trial. (B) Nocturnal Trial.
J Am Soc Nephrol 24: , 2013

T
h
a
a
in
tu
b
sc
n
te
a
H
T
st
in
ﬁ

JT DaugirdasHD
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FHN: residualin
renal
function
Nocturnal
accelerated
loss of
residual kidney func&on
Baseline

Month 4

Month 12

b

100

100

75

75

% Of patients

% Of patients

a

50
25
0

c

Baseline
100

25
0

Conventional Frequent Conventional Frequent Conventional Frequent
nocturnal
nocturnal
nocturnal
N =28 N =25
N =22 N =24
N =31 N =32
Urine volume (ml/day)
>0 to 500
>500 to 850
>850
0

Daugirdas JT et al, Kidney Int. 2013;83(5):949-58.

50

Conv

Month 4

Table 2: Cousineau Perceived Burden Scores Over Time
3 times
per week

6 times
per week

Between group
difference*

p-value

Month 4

– 1.1 ± 2.8

–2.7 ± 2.5

–1.6 (–8.4, 5.2)

0.64

Month 12

–2.6 ± 3.1

–4.7 ± 2.7

–2.1 (–9.4, 5.3)

0.58

–0.3 ± 2.6
–2.8 ± 2.8
–5.7 ± 2.7
–5.4 ± 3.1

+5.9 ± 2.8
+9.6 ± 3.0
+0.5 ± 2.7
+4.0 ± 3.4

+6.2 (–0.8, 13.3)
9.8 (2.4, 17.3)
+6.1 (–0.8, 13.1)
9.4 (0.55, 18.3)

0.083
0.0093
0.084
0.038

DAILY

NOCTURNAL
Month 4
Month 12

•
•

There was NO increased perceived caregiver burden with daily HD.
There was a increased perceived caregiver burden with nocturnal HD
at home.

Suri RS et al, CJASN 2014:9(5):936-42.

Long frequent versus standard dialysis
during pregnancy: Canadian Study
Source

N

Dialysis
Hrs/wk

Canada

22

43 ± 6

USRDS

70

17 ± 5

Hladunewich MA, et al:
JASN 25(5):1103-9, 2014

Pregnancy
Duration

Birth rate

Birth wt (g)

36 wks

86.4%

2118 ± 857

27 wks

61.4%

1748 ± 949

Guideline 3: Measurement of Dialysis: Urea Kinetics
3.1 We recommend a target single pool Kt/V (spKt/V) of 1.4 per
hemodialysis session for pa.ents treated thrice weekly, with a
minimum delivered spKt/V of 1.2. (1B)
3.2 In pa&ents with signiﬁcant residual na.ve kidney func.on (Kr),
the dose of hemodialysis may be reduced provided Kr is
measured periodically. (Ungraded)
3.3 For hemodialysis schedules other than thrice weekly, a target
standard Kt/V of 2.3 volumes per week with a minimum delivered
dose of 2.1 using a method of calcula&on that includes the
contribu&ons of ultraﬁltra&on and residual kidney func&on.
(Ungraded)

• Na.onal Coopera.ve Dialysis Study (NCDS, NEJM 1981)
randomized 151 pa&ents to high vs. low urea concentra&on and
short vs. long &me
• Re-analysis of the NCDS that Kt/V 0.8 beher than Kt/V 0.4

Suri RS, Blake PG. “Adequacy of Hemodialysis” in: Replacement of Renal Function by Dialysis,
(5th edition), Horl W et al (editors), Pp 597-638, 2004.

How much dialysis is enough? - HEMO study
‣

AUer the NCDS, numerous observa&onal studies suggested that
higher urea clearances are associated with high mortality on thrice
weekly HD

‣

HEMO Study1 randomized
pa&ents to eKt/V 1.0 vs. 1.4: NO
CHANGE IN MORTALITY.

‣

eKt/V of 1.0 is approximately
equal to spKt/V of 1.2

‣

Target spKt/V of 1.4 ensures
that <10% of treatments are
spent <1.2

1Eknoyan

G, et al. New Engl J Med 347(25): 2010-19, 2002

• Treatment of the pa&ent should not stop aUer achieving an
"adequate" Kt/Vurea. Nor is target small solute clearance the only
factor which should be considered during dialysis.
• Frequency and treatment &me should be individualized
considering small solute clearance, residual renal func&on, quality
of life, predicted life-span, and pa&ent values.
• Pa&ents with signiﬁcant residual func&on may not require 3 full
treatments per week, and thus the dose of dialysis may be
reduced. Conversely, other pa&ents may require more frequent or
longer treatments.
• Recommenda&ons on how to measure pre- and post-dialysis urea
have not changed:
-predialysis: draw before injec&ng heparin, saline, or other poten&al diluents
-post-dialysis: draw blood from the dialyzer inﬂow port aUer slowing blood ﬂow
to 100ml/min for 15 secs OR aUer stopping dialysate ﬂow for 3 mins

Guideline 4. Volume and BP Control: Treatment Time and
Ultraﬁltra.on Rate
4.1 We recommend that pa&ents with low residual kidney func&on
(< 2 ml/min) undergoing thrice weekly hemodialysis be prescribed
a bare minimum of three hours per session. (1D)
4.1.1 Consider longer hemodialysis treatment .mes or addi&onal
hemodialysis sessions for pa&ents with large interdialy&c weight
gains, high ultraﬁltra&on rates, poorly controlled blood pressure,
diﬃculty achieving dry weight, or poor metabolic control (such as
hyperphosphatemia, metabolic acidosis, and/or
hyperkalemia). (Ungraded)

Guideline 4. Volume and BP Control: Treatment
Time and Ultraﬁltra.on Rate
4.2 We recommend both reducing dietary sodium intake as well as
adequate sodium/water removal with hemodialysis to manage
hypertension, hypervolemia, and leU ventricular hypertrophy. (1B)
4.2.1 Prescribe an ultraﬁltra&on rate for each hemodialysis session
that allows for an op&mal balance among achieving euvolemia,
adequate blood pressure control and solute clearance, while
minimizing hemodynamic instability and intradialy&c symptoms.
(Ungraded)

Guideline 4. Volume & BP Control
•Strong recommenda&on to minimize dietary sodium (and water)
intake is reaﬃrmed.
• Not enough evidence to raise minimum of 3 hours of hemodialysis
delivered 3 days per week.
-3 hours 3 days per week is a bare minimum if no residual func&on.
-Excep&ons……
? Pa&ents suﬀering from poor QOL due to longer treatments
-Ongoing TiME trial may shed more light on this.
• There is no evidence of harm from extending &me.
• Studies advoca&ng limits to ultraﬁltra&on rate are based on
observa&onal data only.
• Not enough evidence to make recommenda&ons with regard to
dialysate sodium concentra&on.

Guideline 5. New Hemodialysis Membranes
5.1 We recommend the use of biocompa&ble high or low ﬂux
hemodialysis membranes for intermihent hemodialysis. (1B)

Guideline 5. High Flux Membranes
Three large clinical trials:
1. Eknoyan G, Beck GJ, Cheung AK, Daugirdas JT, Greene T, Kusek JW, et al; (HEMO Study
– 1846 pts). Eﬀect of dialysis dose and membrane ﬂux in maintenance hemodialysis.
NEJM 347(25):2010-9, 2002.
2. Locatelli F, Mar&n-Malo A, Hannedouche T, Loureiro A, Papadimitriou M, Volker
Wizemann V, et al. Eﬀect of Membrane Permeability on Survival of Hemodialysis
Pa&ents (MPO Study – 738 pts). JASN 20:645–654, 2009.
3. Asci G et al., The Impact of Membrane Permeability and Dialysate Purity on
Cardiovascular Outcomes (EGE Study – 704 pts). JASN 24:1014-1023, 2013.

One meta-analysis:
Palmer SC, Rabindranath KS, Craig JC, Roderick PJ, Locatelli F, Strippoli GF. High-ﬂux
versus low-ﬂux membranes for end-stage kidney disease. Cochrane Database Syst
Rev. 2012.

Guideline 5. High Flux Membranes
• Three large randomized trials failed to show a survival beneﬁt with
high-ﬂux membranes.
• One secondary outcome analysis (HEMO) and a meta-analysis
showed reduced cardiovascular mortality with high vs. low-ﬂux.
• Some showed reduced all-cause mortality in certain subgroups:
Low serum albumin (<4 g/dL) [MPO]
High vintage (> 3.7 years on dialysis) [HEMO]
Diabetes mellitus [MPO, EGE]
AV ﬁstulas [EGE]

• None showed harm.
• Because cost of high-ﬂux membranes without strong evidence of
beneﬁt, decision to use high vs. low-ﬂux membranes is leg up to
the trea.ng center.

Convec.ve Therapies – not recommended at this .me
Hemodiaﬁltra.on versus Low-Flux Hemodialysis

Survival (%)

Survival

Low flux HD
Online HDF

Time (years)
Patients at risk

Cardiovascular event-free survival (%)

Grooteman, et al., CONTRAST Study, JASN 2012

Fatal & non-fatal CV events

Low flux HD
Online HDF

Time (years)
Patients at risk

2006 and 2015: What’s diﬀerent?
q GRADE: level of recommend (1 & 2) and grade (A-D) of the evidence
q Individualized prescrip&ons: include pa&ent expecta&ons and preferences
q More prescrip&on ﬂexibility: ini&a&on, frequency, dura&on, Qf rate
q Less emphasis on absolute minimum or maximum cut-oﬀs
q Recommenda&ons regarding high frequency hemodialysis:
o No compelling evidence that frequent dialysis is best for everyone
o Consider for pa&ents with special needs:
• LeU ventricular hypertrophy and/or conges&ve heart failure
• Uncontrolled hypertension, ﬂuid overload
• Metabolic derangements (hyperphosphatemia, hyperkalemia)
• Sleep apnea
• Pregnancy (strong recommenda&on)
o Acknowledges the risks of frequent hemodialysis
q Consider stdKt/V to measure frequent HD; adjust for Kru, Qf, BSA
q More emphasis on volume and BP control
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