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undreds of thousands of people with end-stage renal
failure are alive today because they receive treatment
with hemodialysis. Although kidney transplantation
and peritoneal dialysis also are available to treat kidney failure,
in-center hemodialysis remains the predominant form of renal
replacement therapy in North America. Despite its dramatic
success at saving lives, hemodialysis is far from perfect therapy:
More than 20% of hemodialysis patients die each year (1). Even
more troubling, the annual mortality rate has changed little in
the past decade, despite some success in achieving evidencebased quality improvements (2– 4). In addition, morbidity remains high, with frequent complications of heart disease, hypertension, anemia, bone disease, poor nutrition, inflammation,
depression, and impaired cognitive and physical function.
These result in impaired quality of life and contribute to diminished longevity. Observational studies (5,6) suggest that many
of these adverse outcomes may be caused in part by inadequate
dosage of dialysis. The Hemodialysis (HEMO) study was designed to test the hypothesis that a higher dosage of dialysis
would enhance dialysis-related survival. This 2 ⫻ 2 factorial
design, randomized clinical trial (RCT) compared outcomes of
patients who were treated with eKt/V for urea of 1.45 with
those with eKt/V for urea of 1.05, and high-flux versus low-flux
dialysis (7). The results of this study were a surprise to many:
There were no significant differences between the two dosage
groups in mortality, hospitalizations, or other secondary end
points. However, negative results from the HEMO trial do not
rule out benefits of more intensive therapies that extend beyond the limits of conventional thrice-weekly hemodialysis.
The “dosage of dialysis” in determining outcomes may involve
more than urea removal. The removal of phosphate (8) and
larger molecules may be important in determining outcomes.
Longer treatment times are associated with prolonged survival
(9,10), an association that may be independent of the dosage of
dialysis as measured by Kt/V urea. However, Kt/V urea and
session length are inexorably entangled, and only RCT can
resolve the true effect of session length on outcomes (11). The
combination of high-flux membranes and longer dialysis times
for nocturnal dialysis result in higher clearance of both small
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and larger molecular weight substances. In fact, it is possible
that the effects of dosage or flux interventions on some secondary outcomes that were observed within some subgroups in the
HEMO trial (12,13) reflect subtle benefits that could be magnified with the substantially higher dosage levels (14) that can be
achieved with high-frequency hemodialysis.
Nephrologists and their patients have been experimenting
with frequent hemodialysis for more than 40 yr (15). Since 1998,
several studies of more frequent hemodialysis have been published. Recently, these studies were summarized and analyzed
critically. A systematic review of nocturnal hemodialysis by
Walsh et al. (16) summarized the important outcomes of this
therapy reported through July 2003. These reports of nocturnal
hemodialysis all were observational in nature (pre–post withinpatient comparisons or case-controlled studies) and are somewhat difficult to interpret, with different or imprecisely described dialysis prescriptions and varying vascular access
(some single needle, some two-needle hemodialysis). They reported improved BP control, anemia, and health-related quality
of life, with mixed results for changes in left ventricular hypertrophy and mineral metabolism. A systematic review of daily
hemodialysis studies through May 2005 was published by Suri
et al. (17). Here again, differences in the duration of a single
hemodialysis session make it difficult to draw definitive conclusions. They reviewed daily hemodialysis (home or in-center,
5 to 7 d/wk) studies of five or more patients who were followed
for 3 mo or more. Most were observational studies (pre–post or
parallel control groups). One small, crossover RCT of 12 patients was performed (18). Results for individual outcomes
were variable. Better BP control was found consistently, but the
effects of daily hemodialysis on quality of life, anemia, phosphorus control, and nutritional status were inconsistent. A
reduction in cardiac left ventricular hypertrophy as assessed by
echocardiography was seen, but the relative contribution of
reduced extracellular water versus reduced muscle hypertrophy
to these estimates is unclear. In both nocturnal and short daily
studies, the degree to which observed improvements in BP
were related to the method of measurement remains uncertain.
Given these uncertainties, we do not have sufficient data on
the effects of daily and nocturnal hemodialysis to advocate for
its widespread use and underwrite its cost. In 2001, Chertow
(19) argued that a RCT of frequent hemodialysis was necessary
to answer the fundamental questions of whether these treatments improve outcomes and, if so, by how much. He urged
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that the primary outcome of such a trial should be mortality
alone or mortality combined with a major morbid event. The
studies that have been published since 2001 offer preliminary
evidence for the effectiveness of these treatments but do not
provide the grade of evidence necessary for unequivocal endorsement. Higher grades of evidence, provided by an RCT,
have in the past reversed the consensus of opinion about a
treatment efficacy. For example, before the HEMO trial, observational studies would have predicted that delivery of higher
dosages of dialysis during conventional thrice-weekly hemodialysis resulted in better survival. The consensus of clinical
nephrologists supported this conclusion until the HEMO RCT
disproved it. In a similar reversal of popular consensus, we
have seen a dramatic change in opinion about the safety and
the efficacy of hormone replacement therapy (HRT). When
large observational studies suggested that HRT had many benefits, including reduced risk for heart disease in postmenopausal women, this therapy was used widely for relief of postmenopausal symptoms and for cardioprotection. However a
well-designed RCT showed higher incidence of heart disease
and invasive breast cancer in women who received estrogen
plus progestin (20), changing dramatically the use of HRT. An
editorial entitled “Postmenopausal Hormone Replacement
Therapy: How Could We Have Been So Wrong?” (21) underlines the importance of the RCT. Observational studies and
registries are flawed by selection bias, dropout bias and nonrepresentativeness of the studied population. The studies to
date of frequent dialysis suffer from these shortcomings. The
authors of recently published critical reviews of nocturnal and
daily hemodialysis conclude that previous studies have been
limited by inconsistent findings, small sample sizes, inadequate
assessment of potential risks, and the biases that are inherent in
observational studies. The current evidence does not support
the widespread implementation of daily or nocturnal hemodialysis, also suggesting that an RCT is needed (16,17). In addition, there has been little information published on the feasibility, safety, and possible adverse effects of frequent
hemodialysis. An RCT will test the feasibility and the safety of
these treatments using a rigorous protocol. It also will enable us
to perform an economic analysis of frequent hemodialysis compared with conventional therapy.
The National Institute of Diabetes and Digestive and Kidney
Diseases, a division of the National Institutes of Health, and the
Centers for Medicare and Medicaid Services have funded two
parallel RCT, one on daily hemodialysis and the other on home
nocturnal hemodialysis, both compared with conventional
thrice-weekly therapy. The study designs are published elsewhere (22). For the daily study, hemodialysis will be delivered
for 1.5 to 2.75 h 6 d/wk, with target eKt/Vn of ⱖ0.9/session,
compared with conventional thrice-weekly hemodialysis delivered for ⱖ2.5 h with target eKt/V of ⱖ1.1/session. The home
nocturnal hemodialysis trial will deliver dialysis for ⱖ6 h, 6
nights/wk with target stdKt/V ⱖ4.0/wk compared with conventional hemodialysis at home three times per week. The
home thrice-weekly dose delivery targets will be the same as
for thrice-weekly conventional dialysis patients in the daily
trial. In both studies, creatinine clearance, weekly standardized
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phosphate removal, and equivalent renal clearance of ␤-2 microglobulin will be measured. Participants will complete 1 yr of
treatment randomized to frequent hemodialysis or conventional thrice-weekly treatments. Outcomes will include measures of safety, treatment burden, and efficacy. The studies are
designed to examine outcomes in several domains, including
health-related quality of life and physical function, cardiovascular structure and function, hypertension, mental health, cognitive function, nutrition and inflammation, mineral metabolism, anemia, hospitalizations, and death. The two co-primary
outcomes of both studies are (1) composite of 1-yr mortality
and change in SF-36 Physical Health Composite score and (2)
composite of 1-yr mortality and change in left ventricular mass
index by cine magnetic resonance imaging. In each study, the
feasibility of recruitment, adherence, and retention will be assessed in an initial “Vanguard” design. The incremental cost of
high-frequency dialysis will be estimated empirically.
Investigators and patients in the United States and Canada
are participating in these trials. When these investigators considered study design, it became increasingly clear that a study
that is powered to detect a mortality effect was not feasible at
this time. We estimate that currently 55 centers in the United
States and Canada are performing frequent hemodialysis five
times per week or more. These centers are dialyzing a total of
approximately 600 patients with high-frequency hemodialysis
at home or in-center. Power analysis showed us that with 1 yr
of follow-up, we would need to enroll ⬎3500 patients in the
daily study and ⬎5000 in the nocturnal study to achieve 90%
power to detect a relatively substantial 30% reduction in mortality. These numbers are severalfold higher than the total
number of patients in North America who are receiving this
treatment. With intensive recruitment efforts, we estimate that
we will be able to enroll a total of 500 patients for the two RCT:
250 in the nocturnal study and 250 in the daily trial. It is for this
reason that the co-primary outcomes of these RCT will be a
composite of mortality and changes in left ventricular mass or
physical symptoms that affect quality of life.
The study design will ensure the Kt/V urea dosage delivery
is far higher than the dosage that was delivered in the HEMO
trial. The target weekly or standard Kt/V for urea in the current
frequent hemodialysis trials will be approximately 2.5 in the
conventional thrice-weekly arm, 3.8 in the daily in-center hemodialysis arm, and 5.6 in the nocturnal arm. We estimate that
phosphorus clearance will be approximately 40% higher in the
short daily arm and 330% higher in the nocturnal arm compared with conventional thrice-weekly hemodialysis. An assessment of the representativeness of study enrollees to the
general ESRD population will be made. In addition, these trials
will give us information on technique survival—the willingness
of patients to maintain high-frequency hemodialysis for 1 yr or
longer.
These RCT will provide the best available evidence on the
safety and the efficacy of high-frequency hemodialysis. Although their limited size will make it infeasible to measure
mortality as an independent primary outcome, these trials will
provide the strongest evidence available on the effect of frequent dialysis on the domains of care that are most important
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to dialysis patients. Although these trials may not answer all
questions definitively, they will give us far more dependable
information than we now have with observational studies
alone. Many authors of the published observational studies
agree: They are the very investigators and clinical centers that
are participating now in these trials. Our patients are expressing their trust in us and in the importance of an RCT by their
enrollment. We trust that the results in multiple domains will
give the nephrology community of patients, clinicians, and
policy makers substantially better data for clinical and policy
decisions.

Disclosures

Clin J Am Soc Nephrol 2: 390 –392, 2007

11.

12.

13.

None.

References
1. US Renal Data System. USRDS 2005 Annual Data Report:
Atlas of End-Stage Renal Disease in the United States, Bethesda, National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases. Available at:
http://www.usrds.org/adr_2005.htm
2. National Kidney Foundation Dialysis Outcome Quality
Initiative: NKF-DOQI Clinical Practice Guidelines for Hemodialysis Adequacy, New York, National Kidney Foundation,
1997
3. Guidelines for treating patients with chronic renal failure.
J Am Soc Nephrol 10[Suppl]: S287–S321, 1999
4. The CARI Guidelines. Caring for Australasians with Renal
Impairment. Available at: http://www.cari.org.au
5. Wolfe RA, Ashby VB, Daugirdas JT, Agodoa LY, Jones CA,
Port FK: Body size, dose of hemodialysis, and mortality.
Am J Kidney Dis 35: 80 – 88, 2000
6. Port FK, Ashby VB, Dhingra RK, Roys EC, Wolfe RA:
Dialysis dose and body mass index are strongly associated
with survival in hemodialysis patients. J Am Soc Nephrol 13:
1061–1066, 2002
7. Eknoyan G, Beck GJ, Cheung AK, Daugirdas JT, Greene T,
Kusek JW, Allon M, Bailey J, Delmez JA, Depner TA,
Dwyer JT, Levey AS, Levin NW, Milford E, Ornt DB, Rocco
MV, Schulman G, Schwab SJ, Teehan BP, Toto R; for the
hemodialysis (HEMO) study group: Effect of dialysis dose
and membrane flux in maintenance hemodialysis. N Engl
J Med 347: 2010 –2019, 2002
8. Block GA, Hulbert-Shearon TE, Levin NW, Port FK: Association of serum phosphorus and calcium ⫻ phosphate
product with mortality risk in chronic hemodialysis patients: A national study. Am J Kidney Dis 31: 607– 617, 1998
9. Marshall MR, Byrne BG, Kerr PG, McDonald SP: Associations of hemodialysis dose and session length with mortality risk in Australian and New Zealand patients. Kidney
Int 69: 1229 –1236, 2006
10. Saran R, Bragg-Gresham JL, Levin NW, Twardowski ZJ,
Wizemann V, Saito A, Kimata N, Gillespie BW, Combe C,

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bommer J, Akiba T, Mapes DL, Young EW, Port FK:
Longer treatment time and slower ultrafiltration in hemodialysis: Associations with reduced mortality in the
DOPPS. Kidney Int 69: 1222–1228, 2006
Chertow GM, Kurella M, Lowrie EG: The tortoise and hare
on hemodialysis: Does slow and steady win the race?
Kidney Int 70: 24 –25, 2006
Cheung AK, Levin NW, Greene T, Agodoa L, Bailey J, Beck
G, Clark W, Levey AS, Leypoldt JK, Ornt DB, Rocco MV,
Schulman G, Schwab S, Teehan B, Eknoyan G; for the
HEMO study group: Effects of high-flux hemodialysis on
clinical outcomes: Results of the HEMO study. J Am Soc
Nephrol 14: 3251–3263, 2003
Depner T, Daugirdas J, Greene T, Allon M, Beck G, Chumlea C, Delmez J, Gotch F, Kusek J, Levin N, Macon E,
Milford E, Owen W, Star R, Toto R, Eknoyan G; for the
Hemodialysis (HEMO) Study Group: Dialysis dose and the
effect of gender and body size on outcome in the HEMO
study. Kidney Int 65: 1386 –1394, 2004
Greene T: What did we learn from the HEMO study?
Implications of secondary analyses. Contrib Nephrol 149:
69 – 82, 2005
Depalma JR, Pecker EA, Maxwell MH: A new automatic
coil dialyser system for ‘daily’ dialysis. Proc Eur Dial Transplant Assoc 6: 26 –34, 1969
Walsh M, Culleton B, Tonelli M, Manns B: A systematic
review of the effect of nocturnal hemodialysis on blood
pressure, left ventricular hypertrophy, anemia, mineral
metabolism, and health-related quality of life. Kidney Int
67: 1500 –1508, 2005
Suri RS, Nesrallah GE, Mainra R, Garg AX, Lindsay RM:
Daily hemodialysis: A systemic review. Clin J Am Soc Nephrol 1: 33– 42, 2006
Fagugli RM, Reboldi G, Quintaliani G, Pasini P, Ciao G,
Cicconi B, Pasticci F, Kaufman JM, Buoncristiani U: Short
daily hemodialysis: Blood pressure control and left ventricular mass reduction in hypertensive hemodialysis patients. Am J Kidney Dis 38: 371–376, 2001
Chertow GM: “Wishing don’t make it so”: Why we need a
randomized clinical trial of high-intensity hemodialysis.
J Am Soc Nephrol 12: 2850 –2853, 2001
Writing Group for the Women’s Health Initiative Investigators: Risks and benefits of estrogen plus progestin in
healthy postmenopausal women. Principal results from the
women’s health initiative randomized controlled trial.
JAMA 288: 321–333, 2002
Laine C: Postmenopausal hormone replacement therapy:
How could we have been so wrong? Ann Intern Med 137:
290, 2002
Suri RS, Garg AX, Chertow GM, Levin NW, Rocco MV,
Greene T, Beck GJ, Gassman JJ, Eggers PW, Starr RA, Ornt
DB, Kliger AS; Frequent Hemodialysis Network (FHN)
Trial Group: Frequent Hemodialysis Network (FHN) randomized trials: Study design. Kidney Int 71: 349 –359, 2007

