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“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 



Recommendation Strength 

Level 1 Most patients should receive the  
“We recommend”   recommended course of action. 

  
 
Level 2    Different choices will be appropriate for 
“We suggest”   different patients. Each patient needs 

    help to arrive at a management decision 
    consistent with her or his values and 
    preferences. 

Structure of the Guideline Update 



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	in-
center,	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 
is NOT associated with increased mortality	

whether the individual is an appropriate candidate
for kidney transplantation and/or maintenance dial-
ysis, providing education about different dialysis
therapies, offering decision support for selection of
dialysis modality (including conservative care

without dialysis), facilitating placement of perma-
nent access, and starting dialysis in a timely
manner.27 Second, maintenance dialysis should not
be denied to individuals with kidney failure
who may potentially benefit from KRT, such as

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
Sample
Size Study Site

Study
Period

Measure of Kidney
Function

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

With Death Risk

Bonomini79 (1985) 340 Single Italian center CLcr 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

Tattersal80 (1995) 63 Single UK center 1991-1992 Renal Kt/Vurea Mean renal Kt/Vurea lower in 6
individuals who died; no adjustment
made for differences in patient
characteristics

Churchill81 (1997) 680 Canadian-USA Study on
Adequacy of Peritoneal
Dialysis (CANUSA)

9/1990-
12/1992

24-h mean of urinary
urea clearance and
CLcr

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

Beddhu66 (2003) 1,072 Dialysis Morbidity and
Mortality Study, USA

1996-1997 Assumed 24-h urinary
CLcr

For every 5-mL/min higher CLcr: 0.98
(0.86-1.14)

Grootendorst74

(2011)
569 Netherlands Cooperative

Study on the Adequacy
of Dialysis (NECOSAD)

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

Highest tertile of mGFR (reference:
lowest tertile of mGFR): 1.0
(0.7-1.3)

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

Table 4. Commonly Used Validated GFR Estimating Equations in Adults

Coefficient

MDRD Study Equation82,83 CKD-EPI Equations

Scr
Scr

(Levey et al,84 2009)
Scys

(Inker et al,85 2012)
Scr and Scys

(Inker et al,85 2012)

Scr Scr21.154 — — —
Scr, when .0.9 mg/dL for men or
.0.7 mg/dL for women

— Scr21.209 if male — Scr20.601

Scr, when #0.9 mg/dL for men or
#0.7 mg/dL for women

— Scr20.329 if male
Scr20.411 if female

— Scr20.248 if male
Scr20.247 if female

Scys, when .0.8 mg/dL — — SCysC21.328 Scys20.711

Scys, when #0.8 mg/dL — — SCysC20.499 Scys20.375

Age, in years Age20.203 0.993age 0.996age 0.995age

Female sex 0.742 1.018 0.932 0.969

Black race 1.212 1.159 — 1.08

Note: For the MDRD Study equation, the coefficient of 21.154 for the exponent of Scr indicates that estimated GFR is 1.154% lower
for each 1% higher Scr. For any value of Scr, older age and female sex are associated with lower Scr-based estimated GFR, and
African American race is associated with higher Scr-based estimated GFR. For the CKD-EPI equations, Scr is modeled as a 2-slope
spline with sex-specific knots; Scys is modeled as a 2-slope spline with the same knot for both sexes. The slopes are steeper above
than below the knots. Because of the sex-specific knots for the Scr coefficients, the sex coefficients in the CKD-EPI Scr and Scr-Scys
equations are not comparable to the MDRD Study equation and the Scys-based CKD-EPI equation. The corresponding sex co-
efficients for the CKD-EPI Scr and Scr-Scys equations would be 0.75 and 0.83 for Scr values $ 0.9 mg/dL, respectively. Conversion
factor for Scr in mg/dL to mmol/L, 3388.4.

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; GFR, glomerular filtration rate; MDRD, Modification
of Diet in Renal Disease; Scr, serum creatinine (in mg/dL); Scys, serum cystatin C (in mg/dL).
Adapted with permission of the National Kidney Foundation from Levey et al.55
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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 



�
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)	

Guideline 2: Frequent and Long Duration HD 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;12 nejm.org september 22, 20111104

plant, diabetes, and recent cardiovascular admis-
sion. Nonoverlapping 95% confidence intervals 
were observed throughout, except for death rates 
in the following subgroups: Hispanic ethnic group, 
end-stage renal disease from glomerulonephritis, 
use of a catheter for dialysis access for at least 
90 days, and wait-listed for a transplant.

Discussion

In this study of a relatively contemporary, repre-
sentative population of U.S. adults receiving he-
modialysis, we found that most events studied oc-

curred more frequently on the day after the long 
interdialytic interval than on other days, including 
all-cause mortality, mortality from cardiac causes, 
infection-related mortality, mortality from cardiac 
arrest, and mortality from myocardial infarction. 
Similar patterns were observed for hospital ad-
missions with myocardial infarction, congestive 
heart failure, stroke, dysrhythmia, and any of these 
cardiovascular events. Subgroup analyses suggest-
ed that this excess of adverse events on the day 
after the long interdialytic interval was close to 
being a generalized phenomenon.

Despite the widespread clinical impression that 
the end of the long interdialytic interval is a time 
of heightened risk, comparatively few studies have 
examined associations between outcomes and he-
modialysis schedules. The results of these studies, 
which have examined sudden death and cardiac 
arrest, have been similar to those reported here 
for death from cardiac arrest.4,11-13 For example, 
Bleyer et al.4 reported 7-day patterns of sudden 
death and death from cardiac causes in U.S. pa-
tients receiving hemodialysis between 1977 and 
1997. Although proportions of deaths from non-
cardiac causes were homogeneous, Mondays and 
Tuesdays were overrepresented for sudden death 
and death from cardiac causes.4 Another study 
showed substantial escalations in the risk of sud-
den death during the 12-hour period starting with 
the dialysis procedure and during the 12-hour pe-
riod at the end of the weekend interval.14 Karnik 
et al.11 examined 400 cardiac arrests that occurred 
on dialysis units between October 1998 and June 
1999, among 77,000 patients receiving hemodialy-
sis at units affiliated with Fresenius Medical Care 
North America. The rate of cardiac arrest was 
7 per 100,000 hemodialysis sessions, equivalent 
to 1.1 per 100 person-years with a typical thrice-
weekly hemodialysis schedule; cardiac arrest oc-
curred more frequently on Mondays, and the as-
sociated mortality was 60% during the first 48 
hours after the arrest.
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Figure 1. Annualized Mortality and Cardiovascular-Admission Rates 
on Different Days of the Dialysis Week.

I bars represent 95% confidence intervals. CHF denotes congestive heart 
failure, CVD cardiovascular disease, HD1 the day of the first hemodialysis 
session of the week, HD1+1 the day after the first session, HD2 the day of 
the second hemodialysis session, HD2+1 the day after the second session, 
HD3 the day of the third hemodialysis session, HD3+1 the day after the 
third session, HD3+2 the second day after the third session, and MI myo-
cardial infarction.

Figure 2 (facing page). Annualized Mortality and Cardio-
vascular-Admission Rates on the Day after the Long Inter-
dialytic Interval and on Other Days, According to Subgroup.

Events on the day after the long (2-day) interdialytic 
 interval are indicated by a black circle, and events on 
other days are indicated by an open circle. The hori-
zontal bars represent 95% confidence intervals. CVD 
denotes cardiovascular disease, and ESRD end-stage 
renal disease.
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A bs tr ac t

Background
Patients with end-stage renal disease requiring dialysis have limited tolerance of 
metabolic and volume-related deviations from normal ranges; in addition, the prev-
alence of cardiovascular disease is high among such patients. Given these problems, 
we hypothesized that a long interdialytic interval is associated with adverse events 
in patients receiving hemodialysis.

Methods
We studied 32,065 participants in the End-Stage Renal Disease Clinical Performance 
Measures Project, a nationally representative sample of U.S. patients receiving he-
modialysis three times weekly, at the end of calendar years 2004 through 2007. We 
compared rates of death and cardiovascular-related hospital admissions on the day 
after the long (2-day) interdialytic interval with rates on other days.

Results
The mean age of the cohort was 62.2 years; 24.2% of the patients had been receiving 
dialysis treatment for 1 year or less. Over a mean follow-up interval of 2.2 years, the 
following event rates were higher on the day after the long interval than on other 
days: all-cause mortality (22.1 vs. 18.0 deaths per 100 person-years, P<0.001), mortal-
ity from cardiac causes (10.2 vs. 7.5, P<0.001), infection-related mortality (2.5 vs. 2.1, 
P = 0.007), mortality from cardiac arrest (1.3 vs. 1.0, P = 0.004), mortality from 
myocardial infarction (6.3 vs. 4.4, P<0.001), and admissions for myocardial infarc-
tion (6.3 vs. 3.9, P<0.001), congestive heart failure (29.9 vs. 16.9, P<0.001), stroke 
(4.7 vs. 3.1, P<0.001), dysrhythmia (20.9 vs. 11.0, P<0.001), and any cardiovascular 
event (44.2 vs. 19.7, P<0.001).

Conclusions
The long (2-day) interdialytic interval is a time of heightened risk among patients 
receiving hemodialysis. (Funded by the National Institutes of Health.)
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whether patients on thrice-weekly dialysis were M-
W-F or T-T-S patients, we observed higher overall
odds of death on Mondays in all HD patients, with
P ! 0.07 for Tuesdays. Confining the analysis to
in-center patients, a higher odds of death was apparent
on only Mondays. Importantly, the present investiga-
tion also made the novel finding that receiving more
frequent HD than the usual 3 times per week or
receiving PD was not associated with a heightened
risk of death on Mondays and Tuesdays.

There are a number of possible mechanisms contrib-
uting to the observed excess of cardiac deaths as
dialysis becomes more intermittent. The intermittent
nature of HD could be proarrhythmogenic as a result
of fluctuations in fluid and potassium status. Karnik
et al9 found that a potassium bath of 0 or 1 mEq/L was
associated with increased risk of cardiac arrest. In a
different study, Bleyer et al13 found a trend toward
lower serum potassium levels several months prior to

experiencing sudden cardiac deaths in the first 12
hours of HD. Similarly, our study found that cardiac
deaths due to hyperkalemia were increased signifi-
cantly on Mondays for HD patients, possibly related
to the long weekend break outweighing the impact of
dietary potassium restrictions. Moreover, both hyper-
and hypokalemia can contribute to large electrolyte
shifts, leading to QT dispersion during HD.19

Other fluctuating factors, including volume status
and metabolic derangement, also may have contrib-
uted to the septadian pattern of cardiac death observed
in HD patients dialyzing 3 or fewer sessions per week.
Flythe et al10 reported that higher ultrafiltration rate was
associated with increased all-cause and cardiovascular
mortality. They suggested that limiting patients’ fluid
intakes and extending dialysis hours might minimize
large volume shifts. Our finding of evenly distributed
deaths throughout the week in PD, home HD, and

Figure 2. Occurrence of cardiac deaths in 10,338 hemodialy-
sis (HD; black bars) and 4,298 peritoneal dialysis (PD; white
bars) patients in Australia and New Zealand in 1999-2008,
according to the day of the week of death.

Figure 3. Percentage of cardiac death by day of the week for
home hemodialysis (HD; striped bars), in-center HD (grey bars),
and peritoneal dialysis (white bars). Errors bars represent 95%
confidence intervals.

Table 4. Association Between Day of the Week and Types of
Cardiac Death in HD Patients

Day of Week Adjusted OR (95% CI) P

Hyperkalemia 0.045a

Saturday 0.87 (0.46-1.67) 0.7
Sunday 0.59 (0.27-1.31) 0.2
Monday 1.89 (1.18-3.02) 0.008
Tuesday 1.53 (0.92-2.55) 0.1
Wednesday 1.02 (0.55-1.89) 0.9
Thursday 0.92 (0.50-1.71) 0.8
Friday 0.71 (0.34-1.47) 0.4

Sudden cardiac
death

0.1a

Saturday 0.95 (0.85-1.07) 0.4
Sunday 0.93 (0.83-1.06) 0.3
Monday 1.17 (1.05-1.30) 0.004
Tuesday 1.03 (0.92-1.15) 0.6
Wednesday 0.97 (0.86-1.09) 0.6
Thursday 0.97 (0.86-1.09) 0.6
Friday 0.98 (0.87-1.11) 0.8

Myocardial
infarction

0.008a

Saturday 0.86 (0.73-1.02) 0.09
Sunday 0.76 (0.63-0.92) 0.004
Monday 1.19 (1.03-1.38) 0.02
Tuesday 1.13 (0.97-1.32) 0.1
Wednesday 1.02 (0.86-1.20) 0.9
Thursday 1.05 (0.90-1.24) 0.5
Friday 1.06 (0.90-1.24) 0.5

Note: Adjusted for dialysis submodality, age, sex, racial origin,
body mass index, late referral, smoking status, chronic lung
disease, coronary artery disease, cerebrovascular disease, pe-
ripheral vascular disease, diabetes mellitus, country of treatment
(Australia or New Zealand), and center size.

Abbreviations: CI, confidence interval; HD, hemodialysis; OR,
odds ratio.

aGlobal.
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Dialysis Modality and Cardiac Death

Original Investigation

Daily Variation in Death in Patients Treated by Long-term
Dialysis: Comparison of In-Center Hemodialysis to

Peritoneal and Home Hemodialysis

Rathika Krishnasamy, MD,1,2 Sunil V. Badve, MD,1,2 Carmel M. Hawley, M Med Sci,1,2

Stephen P. McDonald, PhD,1,3 Neil Boudville, M Med Sci,1,4 Fiona G. Brown, PhD,1,5

Kevan R. Polkinghorne, PhD,1,5 Kym M. Bannister, MD,1,3 Kathryn J. Wiggins, PhD,1,6

Philip Clayton, MM Clin Epi,1,7,8 and David W. Johnson, PhD1,2

Background: There has been little study to date of daily variation in cardiac death in dialysis patients and
whether such variation differs according to dialysis modality and session frequency.

Study Design: Observational cohort study using ANZDATA (Australia and New Zealand Dialysis and
Transplant) Registry data.

Setting & Participants: All adult patients with end-stage kidney failure treated by dialysis in Australia
and New Zealand who died between 1999 and 2008.

Predictors: Timing of death (day of week), dialysis modality, hemodialysis (HD) session frequency, and
demographic, clinical, and facility variables.

Outcomes & Measurements: Cardiac and noncardiac mortality.
Results: 14,636 adult dialysis patients died during the study period (HD, n ! 10,338; peritoneal dialysis

[PD], n ! 4,298). Cardiac death accounted for 40% of deaths and was significantly more likely to occur on
Mondays in in-center HD patients receiving 3 or fewer dialysis sessions per week (n ! 9,503; adjusted OR,
1.26; 95% CI, 1.14-1.40; P " 0.001 compared with the mean odds of cardiac death for all days of the week).
This daily variation in cardiac death was not seen in PD patients, in-center HD patients receiving more than 3
sessions per week (n ! 251), or home HD patients (n ! 573). Subgroup analyses showed that deaths related
to hyperkalemia and myocardial infarction also were associated with daily variation in risk in HD patients. This
pattern was not seen for vascular, infective, malignant, dialysis therapy withdrawal, or other deaths.

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.

INDEX WORDS: Cardiac failure; cardiovascular disease; cerebrovascular accident; hemodialysis; hyperkale-
mia; peritoneal dialysis; septadian rhythm; myocardial infarction; incidence; prevalence; stroke; sudden
cardiac death; treatment modality.

Cardiovascular disease is the primary cause of
death in dialysis patients, responsible for up to

40% of deaths in Australia, New Zealand, and the
United States.1,2 The increased incidence of cardiovas-
cular disease in individuals treated by dialysis can be
explained only in part by an elevated prevalence of
traditional risk factors, such as diabetes mellitus,
hypertension, dyslipidemia, obesity, smoking, and lack
of physical activity.3,4 Risk also may be conferred by

nontraditional factors commonly found in advanced
chronic kidney disease, such as abnormal calcium/
phosphate metabolism, anemia, malnutrition, inflam-
mation, oxidative stress, hyperhomocysteinemia, and
elevated lipoprotein(a) level.3,5-8 Moreover, there have
been recent data to suggest an important role for salt
and water overload in addition to the uremic toxin,
electrolyte, and volume flux that occur during hemodi-
alysis (HD).9-11
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•  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?	

Physiological	Ra&onale	for	Frequent	and	Long	HD	

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. 
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‣  DAILY	TRIAL	(N=245)	
-  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	6	days/wk	OR	home	conven&onal	HD	

q  Follow-up	1	year	

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

q  Several	secondary	and	safety	outcomes,	not	powered	for	hard	
outcomes	

Suri RS et al, Kidney Int 71(4):349-59, 2007. 

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,
RA Star6, DB Ornt7 and AS Kliger8, for the Frequent Hemodialysis Network (FHN) Trail Group

1Division of Nephrology, University of Western Ontario, London, Ontario, Canada; 2Division of Nephrology, University of California San
Fransisco, San Francisco, California, USA; 3Renal Research Insititute, New York, New York, USA; 4Section of Nephrology, Wake Forest
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,
Maryland, USA; 7School of Medicine, Case Western Reserve University, Cleveland, Ohio, USA and 8Hospital of St Raphael, New Haven,
Connecticut, USA

Observational studies suggest improvements with frequent
hemodialysis (HD), but its true efficacy and safety remain
uncertain. The Frequent Hemodialysis Network Trials Group
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.
Daily HD will be delivered for 1.5–2.75h, 6 days/week, with
target eKt/Vn X0.9/session, whereas nocturnal HD will be
delivered for X6h, 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
(PHC) are specified as co-primary outcomes. The seven main
secondary outcomes are between group comparisons of:
change in LVMI, change in PHC, change in Beck Depression
Inventory score, change in Trail Making Test B score, change
in pre-HD serum albumin, change in pre-HD serum
phosphorus, and rates of non-access hospitalization or death.
Changes in blood pressure and erythropoeisis will also be
assessed. Safety outcomes will focus on vascular access
complications and burden of treatment. Data will be
obtained on the cost of delivering frequent HD compared to
conventional HD. Efforts will be made to reduce bias,
including blinding assessment of subjective outcomes.
Because no large-scale randomized trials of frequent HD have
been previously conducted, the first year has been
designated a Vanguard Phase, during which feasibility of
randomization, ability to deliver the interventions, and
adherence will be evaluated.

Kidney International (2007) 72, 349–359. doi:10.1038/sj.ki.5002032;
published online 13 December 2006

KEYWORDS: quality of life; randomized controlled trials; frequent
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
greater weekly solute clearance and improved ultrafiltration
compared with conventional HD (3–4 h/session, 3 days/
week).7,8 Interdialytic increases in urea, other solutes, and
extracellular fluid volume are dissipated more frequently,
potentially resulting in decreased time averaged solute
concentrations and better volume control.7 Two systematic
reviews have summarized the reported effects of frequent
HD on physiological and health-related quality of life
(HRQL) measures.9,10 Findings were variable, and because
most studies were conducted to obtain preliminary experi-
ence with a novel therapy, they suffered from several
methodological limitations, including small sample sizes,
use of non-ideal control groups, and drop-out and selection
biases.9 Finally, the incremental costs of delivering frequent
HD may be substantial.11 Given the potential benefits and
risks of frequent HD, clinical trials are needed to establish the
safety, efficacy, and cost-effectiveness of frequent HD.

Here, we describe the general design and key methodo-
logical issues for the two FHN randomized trials. The Daily
Trial will examine the effects of in-center daily HD compared
with in-center conventional HD on multiple intermediate
outcomes, focusing on changes in left ventricular mass index
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FHN	Daily	Trial	RESULTS	(n=245)	

‣  Daily	HD	improved	quality	of	life,	leU	ventricular	mass	index,	
blood	pressure,	and	pre-dialysis	phosphorus.		

FHN Trial Group. NEJM 363(24): 2287-300, 2010       

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 363;24 nejm.org december 9, 20102294

comparing conventional and more frequent he-
modialysis. DePalma et al.25 reported the initial 
findings regarding an increased frequency of he-
modialysis more than 40 years ago; in 1988, 
Buoncristiani et al.26 found that control of hy-

pertension and multiple metabolic factors were 
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-
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Survival:	FHN	Daily	Trial	

Patients randomized to frequent in–center hemodialysis
experienced a .40% relative reduction in the mortality haz-
ard, irrespective of whether follow-up time was censored after
kidney transplantation. The companion Bayesian analyses
serve to quantify our interpretation of the study results in
the context of limited power. Too often, underpowered trials
with statistically significant findings are disseminated without
considering plausible prior probabilities or recognizing that
significant P values might represent false-positive results.
These analyses suggest that, although the actual benefit of
frequent in–center hemodialysis may be smaller than the trial-
derived estimate, frequent in–center hemodialysis is very un-
likely to be harmful in contrast to results suggested by a large
observational study on the basis of the International Quotidian
Dialysis Registry.11 We also concluded that a clinically signifi-
cant benefit is reasonably likely; posterior probabilities of a
$20% hazard reduction ranged from 0.61 to 0.87 depending
on the prior distributions that we considered.

The reason for enhanced long–term survival in patients ran-
domized to frequent in–center hemodialysis is unknown.During
the 12-month intervention, frequent in–center hemodialysis re-
duced left ventricular mass, facilitated control of hypertension

and hyperphosphatemia, and seemed to reduce extracellular
fluid volume, whereas there was no benefit on objective physical
performance, nutrition, or control of anemia. Analogous find-
ings were described in the National Cooperative Dialysis Study,
the first of the major randomized clinical trials comparing the
intensity of hemodialysis therapy, wherein benefits on survival
were observed years after completion of the randomized inter-
ventions (higher versus lower time–averaged concentration of
urea and longer versus shorter session lengths).12

Strengths of these analyses include the trial design—a ran-
domized controlled trial—which reduces the likelihood of con-
founding and bias, especially bias relating to receiving dialysis in
the home versus in center.13 The FHN Daily Trial participants
were of a broad age range and diverse by sex, race-ethnicity,
geographic origin, and primary cause of kidney disease. Vital
status was ascertained on all but three patients who were lost
to follow-up. CardiacMRI studies were analyzed by a consistent
team of readers throughout the trial and follow-up.

There are also several limitations. Althoughwe captured the
frequency of hemodialysis in the first few months after
completion of the 12-month intervention period, we were
unable to collect detailed information on dialytic or non-
dialytic care more remotely. With respect to determining the
cause of death, for some patients, we had detailed medical
records reviewed by the Outcomes Committee, but in others,
we could only incorporate data from the Center for Medicare
andMedical ServicesDeathNotificationForm.A large fraction
ofpatientsdidnotcomplete a thirdcardiacMRIand/orRAND-36
health survey scheduled during the extension phase. Thus,
there is considerable uncertainty in the results examining
longer-term effects on left ventricular mass and self–reported
physical health and probable bias, recognizing that patients
who agreed to (and/or survived until) long–term follow-up
examination were likely to differ from those who did not.
Relative to the entire North American hemodialysis popula-
tion, participants in the FHN Daily Trial were younger, had
longer dialysis vintage, and by design, had low levels of resid-
ual kidney function; therefore, these results may not be gen-
eralizable to all patients. Finally, these results should not be
extrapolated to other methods of daily hemodialysis that do
not provide the hours of dialysis time or solute clearance
achieved in the FHN Daily Trial.

In summary, in addition to yielding largely favorable effects
on several objective and self–reported intermediate
outcomes, a 12-month frequent in–center hemodialysis inter-
vention significantly reduced long-term mortality. Frequent
hemodialysis may benefit selected patients with ESRD.

CONCISE METHODS

The FHN Daily Trial was a multicenter, prospective, randomized,
parallel group trial of frequent (six times per week) compared with
conventional (three times per week) in–center hemodialysis conducted
between January of 2006 and March of 2010 at 11 university– and 54

Figure 2. Kaplan-Meier curves depicting survival of patients ran-
domized to the frequent and conventional hemodialysis groups. (A)
Displays the survival curves including follow-up after transplantation;
(B) displays the survival curves with follow-up censored at trans-
plantation. The relative hazards were computed using Cox pro-
portional hazards regression. HR, hazard ratio.

4 Journal of the American Society of Nephrology J Am Soc Nephrol 27: ccc–ccc, 2015
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FHN	Nocturnal	Trial	RESULTS	(n=87)	

• Nocturnal trial 
largely negative, 
underpowered.  

• No change in QOL.  

• Some 
improvements in 
blood pressure, and 
pre-dialysis 
phosphorus. 

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

In conclusion, frequent nocturnal home hemodialysis,
compared with three times per week hemodialysis, did not
result in significant benefits on the coprimary composite
outcomes of death/LV mass or death/PHC. Moderate effects
on LV mass may have gone undetected because of a small
sample size; PHC improved in both groups, perhaps
secondary to the effect of performing dialysis at home.
Frequent nocturnal hemodialysis improved control of

hyperphosphatemia and hypertension, but tended to increase
vascular access events.

MATERIALS AND METHODS
Study setting
The FHN Nocturnal Trial was a multicenter, randomized,
prospective trial of frequent home nocturnal hemodialysis spon-
sored by the National Institute of Health, National Institutes

Outcome Estimated standardized effects, 95% Cls

Favors conventional Favors nocturnal

LV mass

Physical health composite score

Beck depression inventory

Predialysis albumin

Predialysis phosphorus

ESA dose

Predialysis systolic BP

Trail making B

- Log HR

–1.0 –0.5 0.0

Standard deviation units

0.5 1.0

- Log RR

- Mean ∆

- Mean ∆

- Mean ∆

- Mean ∆

Effect measure

- Mean ∆

- Mean ∆

- Mean ∆ log

Non-access hospitalization/death

Figure 5 |Main secondary results. The calculation of the standardized effect sizes is described in ref. 16.
BP, blood pressure; CI, confidence interval; ESA, erythropoiesis-stimulating agent; HR, hazard ratio; LV, left ventricular.

Table 4 | Adverse events

Outcome
Conventional

(n=42)a
Frequent

nocturnal (n=45)a
Hazard ratio

(95% confidence interval) P-value

Deaths 1 2

All hospitalizations 30 (16) 43 (19) 1.42 (0.69, 2.90) 0.34
Non-access hospitalizations 26 (15) 35 (17) 1.32 (0.60, 2.89) 0.48
Cardiovascular hospitalizations 4 (3) 6 (5) 1.60 (0.49, 5.22) —
Infection hospitalizations 7 (5) 14 (8) 2.04 (0.80, 5.17) —
Access hospitalizations 4 (3) 8 (5) 2.15 (0.67, 6.89) 0.20

All vascular access interventions 21 (15) 34 (23) 1.62 (0.91, 2.87) 0.10
Failures 13 (10) 17 (13) 1.27 (0.60, 2.71) 0.54
Other procedures 8 (6) 17 (12) 2.25 (0.87, 5.83) 0.095

Hypotensive episodes
Number of hypotensive episodes 136 (28) 71 (25) — —
Percent of dialysis treatments with a hypotensive episode 9.5 3.1 o0.001

Hypokalemia
Potassium o3.0mEq/l 0 8 (2) — 0.49
Potassium o3.5mEq/l 16 (9) 62 (13) — 0.47

Hypophosphatemia (phosphorus o2.17mg/dl)
Without phosphorus added to the dialysate 5 (3) 11 (10) — 0.071
With phosphorus added to the dialysate 4 (2) 6 (3) — 1.00

aIndicated are total numbers of events and (numbers of patients with events) during the follow-up period of the study.

Kidney International (2011) 80, 1080–1091 1087

MV Rocco et al.: Frequent home nocturnal hemodialysis o r ig ina l a r t i c l e



Alberta	Nocturnal	Trial	RESULTS	(n=51)	

Culleton et al, JAMA  298(11); 1291 -1299, 2007 

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

Characteristic

Nocturnal
Hemodialysisb

(n = 26)

Conventional
Hemodialysisb

(n = 25)

Between-Group
Comparison

(95% CI)c

LV mass, mean (SD), g
Baseline 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) −15.3 (−29.6 to −1.0)d

LV mass, mean (SD), g/m2

Baseline 92.4 (26.6) 101.8 (50.6) −9.4 (−34.0 to 15.2)

Exit 85.3 (23.2) 102.8 (46.1) −17. 5 (−39.8 to 4.6)

Change −7.1 (12.4) 1.0 (14.1) −8.1 (−16.2 to −0.1)d

Blood pressure, mean (SD), mm Hg
Systolic

Baseline 129 (23) 135 (19) −6 (−17 to 6)

Exit 122 (23) 139 (20) −17 (−28 to −4)

Change −7 (29) 4 (17) −11 (−24 to 2)

Diastolic
Baseline 75 (14) 77 (16) −2 (−10 to 7)

Exit 68 (16) 75 (12) −7 (−15 to 1)

Change −7 (16) −2 (12) −5 (−13 to 2)

Anemia, mean (SD)
Hemoglobin, mean (SD), g/dL

Baseline 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)

Darbepoietin-hematocrit ratio, mean (SD)
Baseline 556 (116 to 1116) 320 (173 to 889) P = .60

Exit 524 (54 to 1174) 333 (151 to 894) P = .69

Change 0 (−115 to 302) 0 (−121 to 197) P = .79

Mineral metabolism
Serum calcium, mean (SD), mg/dL

Baseline 9.5 (0.6) 9.1 (1.2) 0.4 (−0.1 to 0.9)

Exit 9.4 (0.7) 8.9 (0.8) 0.5 (0.00 to 0.8)

Change −0.1 (0.8) −0.2 (0.5) 0.1 (−0.3 to 0.4)

Serum phosphate, mean (SD), mg/dL
Baseline 5.5 (1.5) 4.9 (1.3) 0.6 (−0.2 to 1.4)

Exit 4.4 (1.7) 5.3 (1.9) −0.9 (−1.9 to 0.1)

Change −1.1 (1.8) 0.4 (1.8) −1.5 (−2.5 to −0.5)e

Calcium-phosphate product, median (IQR), mg2/dL2

Baseline 51.8 (13.6) 44.9 (13.8) 6.9 (−0.8 to 14.7)

Exit 40.6 (16.3) 47.3 (18.9) −6.7 (−16.7 to 3.3)

Change −11.2 (16.2) 2.4 (16.8) −13.6 (−22.3 to −4.3)e

Elemental calcium use, mg/d
Baseline 900 (0 to 1800) 900 (300 to 1800) P = .78

Exit 0 (0 to 0) 900 (600 to 1650) P !.001

Change −750 (−1800 to 0) 0 (0 to 0) P !.001

Parathyroid hormone, median (IQR), pg/mL
Baseline 249 (140 to 388) 140 (68 to 380) P = .12

Exit 202 (75 to 282) 184 (83 to 401) P = .85

Change −84 (−155 to 125) 15 (−6 to 122) P = .05
Abbreviations: CI, confidence interval; IQR, interquartile range; LV, left ventricular.
SI conversion factors: To convert calcium to mmol/L, multiply by 0.25; to convert phosphate to mmol/L, multiply by 0.323; to convert calcium phosphate product to mmol2/L2,

multiply by 0.0808.
aBaseline values for serum calcium, serum phosphate, calcium-phosphate product, hemoglobin, and erythropoietin dose were calculated as the mean of 2 measurements pre-

ceding the baseline visit; exit values for these variables were calculated as the mean of 2 measurements obtained at months 5 and 6. Unless otherwise stated, all analyses use
intention-to-treat with the last value carried forward for missing values.

bn = 22 patients for the LV mass outcome for both frequent nocturnal hemodialysis and conventional hemodialysis groups.
cBetween-group comparisons were performed using the 2-sample t test for normally distributed variables and the Wilcoxon rank sum test for darbepoietin-hematocrit ratio, el-

emental calcium use, and parathyroid hormone.
dP !.05 and ".01.
eP #.01 and ".001.

NOCTURNAL VS CONVENTIONAL HEMODIALYSIS AND LEFT VENTRICULAR MASS

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, September 19, 2007—Vol 298, No. 11 1295

Downloaded From: http://jama.jamanetwork.com/ on 02/19/2013

‣  Nocturnal HD improved LV mass, BP, and phosphate, but not 
quality of life or anemia.



Survival:	FHN	Nocturnal	Trial	

12 months when these measures were analyzed as
continuous variables (Table S3).
Given the small sample size, we examined the

numbers of patients for whom hypothetical changes

in their vital status would have increased the P
value for the log-rank test comparing mortality be-
tween the randomly assigned groups to .0.05.
Switching the vital status of the first 4 of the 14
deaths in the nocturnal group to “survivor” with
follow-up to July 31, 2011, would increase the P
value of the mortality comparison from 0.01 to 0.06.
Similarly, changing the vital status of the 2 sur-
viving patients in the conventional group with the
longest follow-up to death on the first day of
follow-up would also have increased the P value
from 0.01 to 0.06.
A conceptual background to the Bayesian analyses

may be found in Item S1. The posterior probabilities
of a clinically significant benefit with a relative hazard
less than 0.80 were 0.01 and 0.04 under the conser-
vative and enthusiastic prior perspectives, respec-
tively, and the 95% Bayesian CIs were 0.84-1.97 and
0.76-2.32, respectively (Fig 4A and B).

DISCUSSION

The finding that patients randomly assigned to the
frequent nocturnal hemodialysis group had higher
mortality compared to the conventional hemodialysis
group was unexpected and occurred during extended
follow-up in a trial that was not powered to determine
mortality differences; therefore, it is important that this
result be interpreted cautiously. This resultwas observed
consistently for all-cause mortality with and without
censoring for transplantation, deaths due to cardiac or
infectious causes, and all deaths excluding cancer.
However, 4 considerations point to a risk of a

false-positive finding. First, the FHN Nocturnal Trial
was not powered to detect differences in mortality.
More than 1,000 patients would be required to detect
a 25% reduction in mortality with 4 years of follow-
up, assuming a 12.5% annual mortality rate in the
control group. It has been well documented that
positive findings from underpowered comparisons
have an inflated false-positive rate. Second, only
0.032 deaths per patient-year were observed in the
conventional hemodialysis group. This unexpectedly
low death rate in the conventional group may have
led to an exaggerated relative hazard for the
nocturnal hemodialysis group. Third, the possibility
that frequent nocturnal dialysis increases mortality
has not been suggested by observational studies.19-23

Fourth, the high rate of modality switches after
completion of the trial limits the plausibility of a
large effect of the original randomized assignment on
mortality, either positive or negative, over the
extended follow-up period.
We attempted to quantify the implications of these

uncertainties by simulating the relative hazards of
mortality under 2 prior perspectives in which
extremely large treatment effects are unlikely: a

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.

Table 3. Cause of Death by Hemodialysis Group

Category Total Nocturnal Conventional

Atherosclerosis/ischemic 2 1 1
CHF/cardiomyopathy 1 1 0
Arrhythmia 3 2 1
Other cardiac 3 3 0
Nonaccess infection 2 2 0
Other dialysis 1 1 0
GI bleed 1 1 0
Cancer 3 0 3
Other 2 2 0
Unknown 1 1 0
Total 19 14 5
All cardiac deaths 9 7 2
All infectious deaths 2 2 0
All deaths excluding cancer/
accidental deaths

16 14 2

Note: Other cardiac deaths include one death from CHF with
volume overload, one sudden death due to an arrhythmia, and
one sudden death thought to be secondary to a cardiac arrest.
Infection deaths include one death from endocarditis and one
death from a perirenal abscess. Other deaths include one death
for dementia and failure to thrive and 1 death due to subdural
hematoma.

Abbreviations: CHF, congestive heart failure; GI, gastrointestinal.

464 Am J Kidney Dis. 2015;66(3):459-468

Rocco et al
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Primary Outcome
In the Daily Trial, 29 of 120 patients in the conventional group
and 48 of 125 patients in the daily group reached the primary
outcome (event rate, 23 versus 40 events per 100 patient-years,
respectively). The types of events were as follows: in the
daily group, 33 repairs and15 losses; in the conventional group,
17 repairs, 11 losses, and 1 hospitalization. Compared
with conventional hemodialysis, the hazard ratio (HR) of
having a vascular access event due to daily hemodialysis was
1.76 (95% confidence interval [CI], 1.11–2.79; P=0.017) (Fig-
ure 1A). In the subgroup of patients with an arteriovenous
fistula or graft at randomization, the HR was 1.90 (95% CI,
1.11–3.25; P=0.020). In patients with catheters, the HR was
2.70 (95% CI, 0.71–10.2; P=0.14) (Figure 2).

In the Nocturnal Trial, 15 of 42 patients in the conventional
group and 23 of 45 patients in the nocturnal group reached the
primary outcome (event rate, 32 versus 58 events per 100
patient-years, respectively). The types of eventswere as follows:
in the nocturnal group, 10 repairs, 12 losses, and 1 hospital-
ization; in the conventional group, 5 repairs and 10 losses.
Compared with conventional hemodialysis, the HR of having

a vascular access event due to nocturnal hemodialysis was 1.81
(95% CI, 0. 94–3.48; P=0.076) (Figure 1B). In the subgroup of
patients with an arteriovenous fistula or graft at randomiza-
tion, the HR was 3.23 (95% CI, 1.07–10.35; P=0.038). In
patients with catheters, the HR was 1.45 (95% CI, 0.59–
3.58; P=0.42) (Figure 2).

Secondary Outcomes
In theDaily Trial, 106 conventional and 114 daily patients used
an arteriovenous access at somepoint during follow-up, and 34
conventional and 37 daily patients used at least one tunneled
catheter. Significantly more total arteriovenous access repairs
occurred in the daily group (HR, 1.68; 95% CI, 1.13–2.51;
P=0.011). The hazard ratio for repairs was higher for the graft
than the fistula subgroup in the Daily Trial (graft subgroup:
HR, 2.20, 95% CI, 1.26–3.87, P=0.0059; fistula subgroup: HR,
1.28, 95% CI, 0.71–2.32, P=0.41). Total arteriovenous access
losses did not significantly differ between randomly assigned
groups (HR, 1.21; 95% CI, 0.61–2.39; P=0.58) (Table 2).

In the Nocturnal Trial, 28 conventional and 32 nocturnal
patients used an arteriovenous access at some point during
follow-up, and 24 conventional and 23 nocturnal patients used
at least one tunneled catheter. More total arteriovenous access
repairs occurred in the nocturnal group, but this result did not
reach statistical significance (HR, 2.29; 95% CI, 0.94–5.59;
P=0.069). Unlike in the Daily Trial, this trend was driven by
arteriovenous fistulae repairs (fistula subgroup: HR, 2.87; 95%
CI, 0.94–8.73; P=0.063). Only five graft repairs occurred in the
Nocturnal Trial, precluding analysis of this subgroup. The
number of total arteriovenous access losses was low and sim-
ilar in nocturnal and conventional groups (Table 2).

Compared with the rope-ladder technique, the use of the
buttonhole technique was associated with longer periods
between successive arteriovenous access events (HR, 0.44;
95% CI, 0.20–0.97; P=0.041).

DISCUSSION

To date, opinions regarding the potential effects of frequent
hemodialysis on vascular access have been controversial. Some
authors have postulated that frequent hemodialysis may
actually be beneficial to the vascular access because of fewer
intradialytic hypotensive episodes, better hemostasis at punc-
ture sites, and lower required blood flow rates.4 This view has
been supported primarily by small, uncontrolled studies de-
scribing very low vascular access event rates with daily and
nocturnal hemodialysis.5–8 Two nonrandomized studies sugges-
ted that, compared with conventional dialysis, daily dialysis is
associated with a five-fold decrease in access complications.9,10

However, two literature reviews suggested the opposite.11,12

These reviews highlighted twoNorth American nonrandomized
studies that reported a trend to doubling of access interventions
in patients receiving daily hemodialysis with arteriovenous
fistulae.13–15 Because observational studies can be affected by

Figure 1. Kaplan-Meier curves of time to first access repair, access
loss, or access hospitalization. (A) Daily Trial. (B) Nocturnal Trial.
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HR = 1.76 (1.1 – 2.8). P = 0.017 

HR = 1.81 (0.9 – 3.5). P = 0.076 

• 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)

² Access-related hospitalisation

Vascular	access	complica&ons	
were	increased	with	frequent	
HD	in	the	FHN	trials	



reflected by blood urea nitrogen (BUN). As shown in Table 5,
changes in levels of each of these variables were not associated
with change in UVol from baseline to month 12, with one
exception: in the six-times-per-week treatment groups
in both the Nocturnal and Daily Trials, the change from
baseline to follow-up in level of minimum intradialytic
systolic blood pressure was associated with decrease in UVol
at month 12.

DISCUSSION
In the FHN Nocturnal Trial, assignment to frequent
hemodialysis was associated with a more rapid decrease in
RKF whether the chosen RKF metric was UVol, urea
clearance, or creatinine clearance. This effect was apparent
by 4 months after randomization and remained evident after
12 months. In the Daily Trial, in which the maximum
allowed baseline level of RKF was lower by design (Kru
o3ml/min per 35 liters estimated body water volume),
treatment assignment to frequent hemodialysis did not
significantly influence the change in RKF.

As reviewed by Vilar and Farrington,10 RKF is associated
with improved survival in patients on peritoneal dialysis
and hemodialysis,20–25 and also with lower hospitalization

rates,26,27 better nutrition,25,28–30 less anemia, and improved
control of serum phosphorus.30 Further, substantial RKF has
been associated with lower plasma concentrations of so-
called ‘middle molecules’,31,32 better control of hypervolemia
and hypertension,24,33 and reduced left ventricular
hypertrophy.34 It is, therefore, of some concern that despite
some important observed benefits, participants randomized to
six-times-per-week hemodialysis in the Nocturnal Trial showed
a more rapid decline in RKF compared with participants on
conventional three-times-weekly hemodialysis.

RKF may not be constant throughout the interdialytic
interval. For example, Van Olden et al. showed that in three-
times-per-week hemodialysis,35 when RKF was assayed on
successive days of the interdialytic interval, GFR progressively
increased. The presumed drivers for this variation include
the progressive increase in volume and solute load as the
interdialytic interval progresses. In the FHN trials, most urine
collections occurred toward the end of interdialytic intervals.
Therefore, in participants dialyzed three times per week,
the urine collection period usually did not extend for the
entire interdialytic interval, whereas in participants dialyzed
six times per week, when urine collection was performed
midweek, the entire interdialytic interval was sampled. Thus,
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Figure 2 | Nocturnal Trial subjects with baseline non-zero urine volume. Time course in the level of residual kidney function measured
as (a) UVol; (b) Kru; or (c) Krcreat, at baseline, month 4 and month 12. The bar graphs depict the proportions of patients falling into the
different categories and are provided to describe the outcome distribution. The bar graph ranges represent baseline tertiles (of those with
non-zero function at baseline) for each variable. See Table 3 for P-values of nonparametric tests comparing the RKF parameters between
the treatment groups. Krcreat, kidney creatinine; Kru, kidney urea; UVol, urine volume.
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JT Daugirdas et al.: FHN: residual renal function c l i n i ca l t r i a l

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

Nocturnal	HD	resulted	in	accelerated	loss	of	
residual	kidney	func&on	



 
 
 

Table 2:  Cousineau Perceived Burden Scores Over Time 
                 

 3 times  
per week 

6 times  
per week 

Between group 
difference* p-value 

DAILY      

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 

NOCTURNAL     

Month 4 –0.3 ± 2.6 
  –2.8 ± 2.8 

+5.9 ± 2.8 
+9.6 ± 3.0 

+6.2 (–0.8, 13.3)  
9.8 (2.4, 17.3) 

0.083 
0.0093 

Month 12 –5.7 ± 2.7 
  –5.4 ± 3.1 

+0.5 ± 2.7 
+4.0 ± 3.4 

+6.1 (–0.8, 13.1)  
9.4 (0.55, 18.3) 

0.084 
0.038 

     

 

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

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

at home.



     
Source  N     Dialysis      Pregnancy     Birth rate     Birth wt (g) 
                               Hrs/wk        Duration 

Canada  22      43 ± 6         36 wks          86.4%      2118 ± 857 

USRDS  70     17 ± 5            27 wks          61.4%      1748 ± 949 
      
      

Long	frequent	versus	standard	dialysis		
during	pregnancy:	Canadian	Study		

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



	
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)	

Guideline 3: Measurement of Dialysis: Urea Kinetics 



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.   

•  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	
	



‣  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 

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

How much dialysis is enough?  - HEMO study



•  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	

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. 

Three	large	clinical	trials:	

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



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	

2006	and	2015:	What’s	different?	
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