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PRELIMINARY
COMMUNICATION

Effect of Frequent Nocturnal Hemodialysis
vs Conventional Hemodialysis
on Left Ventricular Mass and Quality of Life
A Randomized Controlled Trial
Bruce F. Culleton, MD, MSc
Michael Walsh, MD
Scott W. Klarenbach, MD, MSc
Garth Mortis, MD
Narine Scott-Douglas, MD, PhD
Robert R. Quinn, MD
Marcello Tonelli, MD, SM
Sarah Donnelly, MD
Matthias G. Friedrich, MD
Andreas Kumar, MD
Houman Mahallati, MD
Brenda R. Hemmelgarn, MD, PhD
Braden J. Manns, MD, MSc

DESPITE ADVANCES IN DIALYSIS

andmedicaltherapies,patients
with end-stage renal disease
(ESRD) have annual mortal-

ity ratesexceeding15%.1 Cardiovascular
disease, manifesting frequently as heart
failureorsuddendeath, is responsible for
the majority of deaths.1 This may be due
toahighburdenofexposuretotraditional
cardiovascularriskfactors(beforeandaf-
ter initiationofdialysis), aswell asongo-
ingexposure tovolumeoverload,hyper-
phosphatemia,chronicinflammation,and
other uremia-related factors. Taken to-
gether, these factors may worsen disor-
dersof leftventricular(LV)structureand
functionandpromoteprogressionofvas-
cular disease.2

Recent case-control and cohort stud-
ieshave suggested thatnocturnalhemo-
dialysismight improveclinicaloutcomes

For editorial comment see p 1331.
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Context Morbidity and mortality rates in hemodialysis patients remain excessive. Al-
terations in the delivery of dialysis may lead to improved patient outcomes.

Objective To compare the effects of frequent nocturnal hemodialysis vs conventional
hemodialysisonchangeinleftventricularmassandhealth-relatedqualityof lifeover6months.

Design, Setting, and Participants A 2-group, parallel, randomized controlled trial
conducted at 2 Canadian university centers between August 2004 and December 2006.
A total of 52 patients undergoing hemodialysis were recruited.

Intervention Participants were randomly assigned in a 1:1 ratio to receive noctur-
nal hemodialysis 6 times weekly or conventional hemodialysis 3 times weekly.

Main Outcome Measures The primary outcome was change in left ventricular mass,
asmeasuredbycardiovascularmagnetic resonance imaging.Thesecondaryoutcomeswere
patient-reportedqualityof life,bloodpressure,mineralmetabolism,anduseofmedications.

Results Frequent nocturnal hemodialysis significantly improved the primary outcome
(mean left ventricular mass difference between groups, 15.3 g, 95% confidence interval
[CI], 1.0 to 29.6 g; P=.04). Frequent nocturnal hemodialysis did not significantly im-
prove quality of life (difference of change in EuroQol 5-D index from baseline, 0.05; 95%
CI, −0.07 to 0.17; P=.43). However, frequent nocturnal hemodialysis was associated with
clinically and statistically significant improvements in selected kidney-specific domains of
quality of life (P=.01 for effects of kidney disease and P=.02 for burden of kidney dis-
ease). Frequent nocturnal hemodialysis was also associated with improvements in sys-
tolic blood pressure (P=.01 after adjustment) and mineral metabolism, including a re-
duction inordiscontinuationofantihypertensivemedications (16/26patients in thenocturnal
hemodialysis group vs 3/25 patients in the conventional hemodialysis group; P� .001)
and oral phosphate binders (19/26 patients in the nocturnal hemodialysis group vs 3/25
patients in the conventional dialysis group; P� .001). No benefit in anemia management
was seen with nocturnal hemodialysis.

Conclusion This preliminary study revealed that, compared with conventional he-
modialysis (3 times weekly), frequent nocturnal hemodialysis improved left ventricu-
lar mass, reduced the need for blood pressure medications, improved some measures
of mineral metabolism, and improved selected measures of quality of life.

Trial Registration isrctn.org Identifier: ISRCTN25858715
JAMA. 2007;298(11):1291-1299 www.jama.com
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inESRDpatients.Inthesereports,patients
switched to nocturnal hemodialysis 5-6
times weekly demonstrated improve-
ments in LV mass,3 systemic blood pres-
sure,3,4 mineralmetabolism,5 andhealth-
relatedqualityof life (HRQOL).6-8 Given
that conclusions based on observational
data indialysispatients areoften refuted
by randomized controlled trials,9-13 we
soughttodeterminetheeffectsoffrequent
nocturnal hemodialysis compared with
conventional hemodialysis on LV mass,
HRQOL,bloodpressure,andmineralme-
tabolisminarandomizedcontrolledtrial.

METHODS
Study Participants

Eligible patients were actively recruited
from 10 hemodialysis units at 2 univer-
sities (UniversityofCalgaryandUniver-
sity of Alberta) in Alberta, Canada. The
firstpatientwasenrolled inAugust2004
and the study was completed in Decem-
ber 2006, 6 months after the enrollment
of the last participant. Eligible patients
wereat least18yearsold,were receiving
in-center,self-care,orhomeconventional
hemodialysis 3 times weekly, and were
interestedandwillingtotrainforandcom-
mencenocturnalhemodialysis.Patients
were excluded if they lacked the physi-
calormentalcapacity to train fornoctur-
nal hemodialysis. The categorization of
race/ethnicitywasbyself-report;options
included white, Aboriginal, African Ca-
nadian,IndoAsian,EastAsian,andother.
ThesesamecategoriesareusedintheCa-
nadian Organ Replacement Registry.

All patients provided written in-
formed consent. The study protocol was
approved by the local ethics commit-
tees of the University of Calgary and the
University of Alberta.

Study Protocol

Thiswasa2-group,parallel-designstudy.
Those patients meeting the inclusion and
exclusion criteria were randomized to
either frequent nocturnal hemodialysis
or the control group (conventional he-
modialysis 3 times weekly) (FIGURE 1).
Randomization was performed using a
computer-generated sequence in blocks
of 4 and was stratified by center and by
baseline dialytic modality (in-center vs

home or self-care). The use of sealed
opaque envelopes helped ensure blind-
ing. Given the logistics of training pa-
tients within a nocturnal hemodialy-
sis program (ie, all patients randomized
cannot be trained simultaneously), pa-
tient entry into the study (ie, baseline
study visit) was staggered over time
(using a random order) for both groups
to allow nocturnal hemodialysis train-
ing in an orderly fashion. This ap-
proach avoided an imbalance in drop-
out rates between the 2 groups and
created a similar number of interven-
tion and control patients under obser-
vation at any given point. The base-
line visit was done before a dialysis
session for all patients, and for noctur-
nal hemodialysis patients, it occurred
on the first day of training. Partici-
pants randomized to the control group
were eligible for nocturnal hemodialy-
sis training upon study completion.

Patients assigned to nocturnal hemo-
dialysisweretrainedin-center4to5times
per week, for 2 to 6 weeks, with direct
nursing supervision and monitoring of
biochemical parameters. Upon comple-
tion of training, nocturnal hemodialysis
was performed at home by the patient,
withoutremotemonitoring,5to6nights
per week for a minimum of 6 hours per
night.DialysiswasperformedusingBellco
Formula(Mississauga,Ontario,Canada)
machines using polysulfone synthetic
membranes. Bloodflow rates up to 250
mL/min were prescribed and dialysate
flow rates of 300 mL/min were used in
allpatients.Themajorityofpatientsused
a single-needle single-pump dialysis
setup. Water was purified using reverse
osmosis and ultrapure dialysate was not
used.Dialysatecalciumwas5.0to7.0mg/
dL (1.25-1.75 mmol/L) and phosphate
wasaddedtothedialysatebathasneeded
to prevent hypophosphatemia. Patients
assigned to conventional hemodialysis
continuedtheirprerandomizationdialy-
sismodalitywith thriceweeklyhemodi-
alysisandadialysisprescriptionto target
asingle-poolKt/V(normalizedclearance
by time product, a derived quantity re-
latedtotreatment-relatedchangesinurea
concentrations) of greater than 1.2. Di-
alysate calcium was adjusted between

4.0 and 7.0 mg/dL (1.00-1.75 mmol/L)
depending on the serum calcium level.

For both groups, comorbidity data
were collected by chart review and di-
rect patient interview conducted by one
of the investigators. Blood pressure was
managed by hemodialysis physicians ac-
cording to a published algorithm14 tar-
geting a goal postdialysis blood pres-
sure of less than 130/80 mm Hg. Anemia
management was carried out according
to a standardized nursing-led anemia
protocol with a target hemoglobin of 11.0
to 12.5 g/dL using intravenously admin-
istered erythropoietic-stimulating pro-
teins and iron supplements as neces-
sary.15 Mineral metabolism was managed
to achieve local treatment goals of 8.0 to
10.2 mg/dL (2.00-2.55 mmol/L) for se-
rum calcium, less than 5.6 mg/dL (1.80
mmol/L) for serum phosphate, and 150
to 300 pg/mL (150-300 ng/L) for intact
parathyroid hormone.

Study Outcomes

The primary outcome was change in LV
mass over the 6-month study period.
Prespecified secondary outcomes in-
cluded change in HRQOL; change in
predialysis systolic blood pressure;
change in erythropoietin-to-hemato-
crit ratio; and change in calcium-
phosphate product.

Left ventricular mass was measured
within 2 weeks of the baseline visit and
at 6 months using cardiovascular mag-
netic resonance (CMR). CMR was per-
formed on 1.5-T MRI systems (Avanto
orSonata; SiemensMedical Solutions,Er-
langen, Germany) with 8-channel car-
diac coils. We applied standard, breath-
held, retrospectivelyECG-gatedgradient-
echo sequences (steady-state free
precession) in contiguous short-axis
views (25 phases, 8-mm slice thick-
ness). The evaluation of the CMR im-
ages was performed in a professional core
laboratory (CIRCLE International Ltd,
Calgary, Alberta, Canada) by readers
blinded to any clinical or group-
specific information.Usingvalidatedsoft-
ware (Mass; Medis, Leiden, the Nether-
lands), volumes were measured on end-
systolic and end-diastolic frames by
manually tracing endocardial and epi-
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cardial contours. Papillary muscles were
included in themyocardialmass.The for-
mula by DuBois and DuBois16 was used
to index LV mass to body surface area.

HRQOL questionnaires were self-
administeredpriortorandomization(be-
forepatientswereawareof the treatment
allocation), at baseline, and at 6 months
(study exit). The primary HRQOL out-
comewaschange in theEuroQolEQ-5D
indexscore,whichmeasuresoverallqual-
ityof life (scale range0.0[dead] through
1.0 [full health]).17,18 A minimum incre-
mentof0.03 in theEQ-5Dindexscore is
consideredclinically important.17 Other
HRQOL measures included the EQ-5D
visualanalogscalescore(0-100,with100
representing perfect health), and the
Kidney Disease Quality of Life–Short
Form (KDQOL-SF) questionnaire. The
KDQOL-SF includes questions targeted
at particular health-related concerns for
individualsundergoingdialysis.Scoreson
each KDQOL-SF dimension range from
0through100,withhigherscoresreflect-
ing better HRQOL. Since nocturnal he-
modialysis would be unlikely to impact
allof the11kidney-specificqualityof life
domains,weselected4dimensionsapriori
that we thought would be most likely af-
fected(kidneydisease–relatedsymptoms/
problems, effects of kidney disease, and
burden of kidney disease, and sleep).

Study physicians measured pa-
tients’ blood pressure using a mercury
sphygmomanometer. Three sitting
blood pressure measurements were
taken 5 minutes apart with the aver-
age of the last 2 measurements used for
this study. Additional details of the
study protocol and outcome measure-
ments are described elsewhere.14

Statistical Analysis

Theprecisionofcardiovascularmagnetic
resonanceallowedasubstantiallysmaller
samplesize thanwouldbeneeded if ech-
ocardiography was used to measure LV
mass.19 For the primary end point, we
assumed that the standard deviation for
the difference in change in LV mass be-
tween groups would be 8 g.19 We also
assumedthat20%ofparticipantswould
discontinue the study due to transplan-
tation or death over 6 months, and that

10%ofenrolledparticipantswouldhave
acontraindicationtomagneticresonance
imaging. These patients would still be
enrolledtocapturesecondaryoutcomes.
We therefore calculated that 52 patients
would be required to achieve 95% sta-
tisticalpower todetect a significant10-g
difference (2-tailed �=.05) in change in
LV mass between the groups.

For all outcomes, the primary analy-
ses used the intention-to-treat approach
forallpatientswhohadat least1baseline
measurement.Analyseswerebasedonthe
differencebetweengroupsforthechange
intheoutcomeafter6monthsof therapy.
Weuseda last-value-carried-forwardap-
proachformissingvalues, includingdata
forpatientswhounderwent transplanta-
tion or who died. This approach was
supplementedbysecondaryanalyses in-
cludingonlyobservedcases (ie, patients
with measurements at baseline and 6
months),preservingtheintention-to-treat
principle.Forqualityoflifeanalyses,given
that HRQOL questionnaires are subjec-

tiveandmaybeaffectedbyknowledgeof
randomizationallocation,wealsoconsid-
ered additional analyses comparing
change in quality of life values from pre-
randomization (when patients were not
aware of their treatment allocation) to 6
months.Comparisonofnormallydistrib-
utedvariableswasperformedusing t tests
for independent samples. We also per-
formed sensitivity analyses using analy-
sis of covariance (ANCOVA), with the
6-monthvalueas thedependentvariable
and thebaselinevalue treatedasacovar-
iate, toaccount fordifferences inbaseline
measures of the primary and secondary
outcomes,andforbaselinebloodpressure
in the primary outcome analyses. Non-
parametriccomparisonswereperformed
using the Wilcoxon rank sum test. Cat-
egorical measures were compared using
the �2 test or Fisher exact test, as appro-
priate.Dataarepresentedasmeans(SDs),
unless otherwise indicated. All analyses
wereperformedusingSPSSsoftwarever-
sion 13.0 (SPSS Inc, Chicago, Illinois).

Figure 1. Patient Flow Through the Study

27 Randomly assigned to nocturnal hemodialysis
26 Received the intervention as assigned
1 Refused intervention after randomization

and refused all study-related procedures

25 Randomly assigned to conventional
hemodialysis

22 Included in analysis of primary end point

4 Excluded (contraindications to cardiac
magnetic resonance imaging)

22 Included in analysis of primary end point

3 Excluded (contraindications to cardiac
magnetic resonance imaging)

26 Included in analysis of secondary end points 25 Included in analysis of secondary end points

69 Expressed interest in nocturnal hemodialysis

690 Hemodialysis patients available for study
participation

52 Randomized

17 Did not meet inclusion criteria/met
exclusion criteria

2 Discontinued therapy
(underwent renal
transplantation)

3 Discontinued therapy
1 Died
1 Preferred conventional

hemodialysis
1 Technical problems

with home dialysis

For patients who died or underwent transplantation during follow-up, final data were imputed as described in
the “Statistical Analysis” section.
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RESULTS
Patient Characteristics
Sixty-ninepatientsexpressedan interest
in nocturnal hemodialysis : 17 did not
meet inclusioncriteriaor fulfilledexclu-

sion criteria. Fifty-two patients were en-
rolled inthestudy,but1patientrandom-
ized to nocturnal hemodialysis was ex-
cludedduetorefusal toparticipate inany
study-related procedures including

baseline data collection and hemodialy-
sis training (Figure 1). Therefore, the
intention-to-treatpopulationincluded26
patients randomizedtonocturnalhemo-
dialysis and 25 patients randomized to
conventional hemodialysis. In the noc-
turnal hemodialysis group, 1 death oc-
curred,1patientreturnedtoconventional
hemodialysis citing patient preference,
and1patientstartedin-center,shortdaily
dialysis due to technical problems asso-
ciated with home dialysis. Two patients
assignedtoconventionalhemodialysisre-
ceived a kidney transplant during the
follow-up period. These 5 patients were
includedintheintent-to-treatpopulation.

Baseline characteristics between the
groups were similar (TABLE 1). Specifi-
cally,nobaselinedifferenceswerenoted
between the groups in LV mass, blood
pressure,antihypertensivemedicationuse,
or prevalent cardiovascular disease.
Twentypatients (39%)wereperforming
self-care or home hemodialysis at study
initiation. Mean prerandomization EQ-
5D index scores were 0.705 (95% confi-
dence interval [CI],0.611-0.800) for the
conventional hemodialysis group and
0.683(95%CI,0.579-0.786) for thenoc-
turnal hemodialysis group (P=.74).

Primary Outcome

Inthe intention-to-treatanalysis,consid-
eringthe44patientswhounderwentbase-
linemagnetic resonance imagingandas-
suming no change in LV mass for 9 pa-
tientswhoeitherrefusedfollow-upcardiac
imaging (n=6; 4 patients from the noc-
turnal hemodialysis group), underwent
transplantation(n=2),ordied(n=1),LV
mass decreased by a mean (SD) of 13.8
(23.0) g in the nocturnal hemodialysis
groupandincreasedby1.5(24.0)ginthe
conventionalhemodialysisgroup(differ-
ence, 15.3 g; 95% CI, 1.0-29.6 g; P=.04)
(TABLE2). Inthemodifiedintent-to-treat
analysis,usinganobservedcasesapproach
(ie, only those patients with baseline
and 6-month cardiovascular magnetic
resonance results [n=35]), LV mass
decreasedby17.8(24.8)g in thenoctur-
nal hemodialysis group and increased
by1.8(26.7)gintheconventionalhemo-
dialysispatients (difference,19.7g;95%
CI, 1.9-37.4 g; P=.03). This difference

Table 1. Baseline Characteristicsa

Characteristic

No. (%)

Nocturnal
Hemodialysis

(n = 26)

Conventional
Hemodialysis

(n = 25)

Age, mean (SD), y 55.1 (12.4) 53.1 (13.4)

Male sex 18 (69) 14 (56)

White race 23 (88) 21 (84)

Body mass index, mean (SD)b 26.2 (5.5) 23.9 (5.1)

Time receiving dialysis, mean (SD), y 5.5 (5.3) 4.8 (3.8)

Median (interquartile range), y 3 (1-9) 4 (2-6)

Prior renal transplantation 7 (27) 9 (36)

Baseline dialysis modality
In-center hemodialysis 18 (69) 13 (52)

Home hemodialysis 6 (23) 7 (28)

Self-care hemodialysis 2 (8) 5 (20)

Vascular access
Arteriovenous fistula 15 (58) 14 (56)

Tunneled dialysis catheter 7 (27) 6 (24)

Arteriovenous graft 4 (15) 5 (20)

Cause of ESRD
Diabetic nephropathy 7 (27) 8 (32)

Glomerulonephritis 5 (19) 8 (32)

Urologic 3 (12) 3 (12)

Polycystic kidney disease 3 (12) 1 (4)

Hypertension/vascular 2 (8) 2 (8)

Other 6 (24) 3 (12)

Comorbid illnesses
Diabetes mellitus 10 (38) 11 (44)

Ischemic heart disease 10 (38) 10 (40)

Congestive heart failure 6 (23) 5 (20)

Peripheral vascular disease 4 (15) 4 (16)

Cerebrovascular disease 5 (19) 3 (12)

Medication use
Acetylsalicylic acid 11 (42) 10 (40)

ACE inhibitor or angiotensin II receptor antagonist 14 (54) 18 (72)

Calcium channel blocker 12 (46) 11 (44)

�-Blocker 10 (38) 9 (36)

Other antihypertensive 2 (8) 5 (20)

Any antihypertensive 21 (81) 20 (80)

Calcium-containing phosphate binder 18 (69) 19 (76)

Sevelamer 6 (23) 6 (24)

Serum albumin, mean (SD), g/dL 3.7 (0.5) 3.6 (0.4)

Iron saturation, mean (SD), % 28.5 (10.0) 33.1 (10.1)

Serum ferritin, mean (SD), ng/mL 427 (264) 493 (318)

Time from randomization to baseline visit,
mean (SD), wk

14.3 (9.4) 10.0 (6.0)

Abbreviations: ACE, angiotensin-converting enzyme; ESRD, end-stage renal disease.
SI conversion factors: To convert albumin to g/L, multiply values by 10; to convert ferritin to pmol/L, multiply values by 2.247.
aP � .05 for all comparisons between nocturnal and conventional hemodialysis groups.
bBody mass index is calculated as weight in kilograms divided by height in meters squared.
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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.
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persisted in sensitivity analyses with ad-
justmentforbaselineLVmassandsystolic
anddiastolicbloodpressure (difference,
19.7 g; 95% CI, 4.4-34.8 g; P=.01). The
baselinecharacteristicsof the35patients
whounderwentbothbaselineandfollow-
upcardiacimagingdidnotdiffer fromthe
16patientswhodidnothaveimagingper-
formed at both time points.

Secondary Outcomes

In the primary analysis, nocturnal he-
modialysis did not improve the change
in EQ-5D index scores from baseline to
6 months compared with conventional
hemodialysis (between-group differ-
ence, 0.05; 95% CI, −0.07 to 0.17; P=.43)
(FIGURE 2). When values were ob-
tained at the time of randomization,
rather than at baseline, the between-
group difference was larger (0.12 for the
change; 95% CI, −0.005 to 0.25; P=.06)
(Figure 2). Similar findings were noted
for the EQ-5D visual analog score; a sta-
tistically significant difference be-
tween nocturnal hemodialysis and con-
ventional hemodialysis was not noted
comparing the change from baseline to
6-month values (P=.90), but a clini-
cally and statistically significant 10-
point change was noted when compar-
ing scores obtained at the time of

randomization with 6-month values
(P=.03). In analyses that focused on the
kidney disease domains of interest
(specified a priori), nocturnal hemo-
dialysis statistically improved the do-
mains “effects of kidney disease” and
“burden of kidney disease” compared
with conventional hemodialysis
(FIGURE 3). Analyses using observed
cases only and per-protocol analyses
gave similar results. Moreover, these re-
sults did not appreciably change when
adjusted for baseline HRQOL values
and baseline dialysis modality.

Antihypertensivemedicationusewas
reduced or discontinued in 16 of 26 pa-
tients randomized tonocturnalhemodi-
alysis and only 3 of 25 patients random-
ized to conventional hemodialysis
(P� .001). Despite the reduction in use
of antihypertensive medications in the
nocturnalhemodialysisgroup,6-month
systolic blood pressure decreased in pa-
tients randomized tonocturnalhemodi-
alysis by 7 mm Hg and increased in pa-
tientsrandomizedtoconventionalhemo-
dialysis by 4 mm Hg (mean difference,
11 mm Hg; 95% CI, −2 to 24 mm Hg)
(Table 2). After adjustment for baseline
systolicbloodpressure, thismeandiffer-
encebetween thegroups increased to14
mmHg(95%CI,3 to26mmHg;P=.01).

Compared with conventional hemo-
dialysis, nocturnal hemodialysis was
more effective at lowering serum phos-
phate, calcium-phosphate product, and
parathyroid hormone levels (Table 2).
At baseline, 37 patients were using oral
calcium-based phosphate binders and
12 patients were taking sevelamer either
alone (n=5) or in combination (n=7)
with calcium-based binders. A reduc-
tion or discontinuation of oral phos-
phate binders occurred in 19 of 26 pa-
tients in the nocturnal hemodialysis
group and only 3 of 25 patients in the
conventional hemodialysis arm
(P� .001). As a result, oral daily el-
emental calcium intake was reduced in
the nocturnal hemodialysis patients but
not in the patients treated with con-
ventional hemodialysis.

No differences in anemia control or
anemia management were observed be-
tween the groups (Table 2).

Adverse Events

The mean number of hospitalizations
per patient from baseline to study exit
was similar for patients randomized to
nocturnal hemodialysis (0.62; 95% CI,
0.24-1.00) and conventional hemodi-
alysis (0.84; 95% CI, 0.18-1.50). Like-
wise, the median length of stay for pa-
tients randomized to nocturnal
hemodialysis (0; interquartile range,
0-3) and conventional hemodialysis (0;
interquartile range, 0-4) was similar.
Complications related to vascular ac-
cess including bacteremic episodes, an-
giograms, and surgical interventions oc-
curred in 10 of 26 patients randomized
to nocturnal hemodialysis and 8 of 25
patients randomized to conventional
hemodialysis (P=.85) (TABLE 3).

COMMENT
To our knowledge, this is the first com-
pleted randomized controlled trial of fre-
quent nocturnal hemodialysis com-
pared with another dialysis modality for
patients with ESRD. Our findings indi-
cate that frequent nocturnal hemodialy-
sis improves LV mass, systemic blood
pressure, abnormalities of mineral me-
tabolism, and possibly HRQOL com-
pared with conventional thrice-weekly

Figure 2. Change in Quality-of-Life Scores (EuroQol-5D Index) by Intent-to-Treat Analysis
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The horizontal bars indicate mean change and error bars indicate 95% confidence intervals (CIs). Quality-of-
life (QoL) scores at baseline were −0.003 (−0.10 to 0.096) for nocturnal hemodialysis patients and −0.05 (−0.12
to 0.02) for conventional hemodialysis patients. Values at prerandomization were 0.683 (95% CI, 0.579-
0.786) for nocturnal hemodialysis patients and 0.705 (95% CI, 0.611-0.800) for conventional hemodialysis
patients.
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hemodialysis. Anemia control was not af-
fected by nocturnal hemodialysis. Re-
sults of this trial support several obser-
vations made in prior nonrandomized
studies, which have shown that receipt
of nocturnal hemodialysis is associated
with improvements in systemic blood
pressure and LV mass.3,4 Our results also
help clarify the uncertainty around the
effects of nocturnal hemodialysis on ane-
mia management, measures of mineral
metabolism, and HRQOL.20

In the general population, LV mass is
an independent predictor of cardiovas-
cular disease events and mortality.21 Re-
gression of LV mass favorably modifies
risk of major cardiovascular events in-
dependent of improvements in blood
pressure control,22 suggesting that re-
gression of LV mass may be a valid sur-
rogate end point for the occurrence of
cardiovascular events, at least in indi-
viduals not undergoing dialysis. In ESRD
patients, LV hypertrophy is common, af-
fecting up to 75% of patients with inci-
dent ESRD,23 and has been shown to be
an independent predictor of cardiovas-
cular disease events and survival.24,25 Al-
though progression of LV hypertrophy
appears to be the norm in dialysis pa-
tients,26 regression of LV mass can oc-
cur and is associated with improved out-

comes.27 Although several investigators
have reported improvements in LV mass
with nocturnal hemodialysis3 or short-
daily hemodialysis,28 these studies did
not use randomized group compari-
sons, thus potentially introducing bias
secondary to selection, residual con-
founding, or regression to the mean. To
our knowledge, our results are the first
to demonstrate LV mass regression in pa-
tients treated with sustained dialysis
within the setting of a randomized trial.

Although the confidence intervals
around the estimate of the treatment
effect were relatively wide, nocturnal
hemodialysis induced regression of LV
mass, and this remained clinically and
statistically significant after adjust-
ment for baseline LV mass and sys-
tolic and diastolic blood pressure. The
mechanisms responsible for this im-
provement in LV mass are uncertain but
likely multifactorial. One could specu-
late that better control of extracellular

Table 3. Complications Related to Vascular Access, by Treatment Group

Complication

Nocturnal
Hemodialysis

(n = 26)

Conventional
Hemodialysis

(n = 25)

Bacteremia
No. of patients experiencing �1 event 4 4

Total No. of events 5 4

Insertion or replacement of tunneled dialysis catheter
No. of patients experiencing �1 event 7 5

Total No. of events 7 7

Vascular access angiogram
No. of patients experiencing �1 event 8 5

Total No. of events 14a 8

Vascular access surgical intervention (including
percutaneous

angioplasty of arterial or venous stenosis)

No. of patients experiencing �1 event 3 5

Total No. of events 4 10b

a Includes 1 patient who underwent 5 vascular access angiograms.
b Includes 1 patient who had 4 vascular access surgical interventions.

Figure 3. Change in Selected KDQOL Kidney Disease Domain Scores by Intent-to-Treat Analysis
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KDQOL indicates Kidney Disease Quality of Life questionnaire. The horizontal bars indicate the mean change and the error bars indicate 95% confidence intervals (CIs).
Mean baseline scores for symptoms/problems were 69.7 (95% CI, 62.4 to 77.0) for the nocturnal group and 66.1 (95% CI, 58.2 to 74.1) for the conventional group; for
effects of kidney disease: 51.6 (95% CI, 42.1 to 61.0) for the nocturnal group and 45.0 (36.5 to 53.5) for the conventional group; for burden of kidney disease: 37.3 (95%
CI, 23.9 to 50.6) for the nocturnal group and 26.0 (95% CI, 16.6 to 35.4) for the conventional group; and for sleep: 57.3 (95% CI, 50.4 to 64.1) for the nocturnal group
and 45.6 (95% CI, 37.1 to 54.1) for the conventional group. The mean change (nocturnal−conventional) was 3.7 (95% CI, −3.8 to 11.2) (P=.33) for symptoms/
problems; 8.6 (95% CI, 2.0 to 15.2) (P=.01) for effects of kidney disease; 9.4 (95% CI, 1.3 to 17.5) (P=.02) for burden of kidney disease; and −2.6 (95% CI, −10.2 to 5.0)
(P=.49) for sleep.
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fluid volume (a difficult variable to ad-
equately quantify) led to the benefi-
cial changes in LV mass and blood pres-
sure. Unfortunately, we did not measure
extracellular fluid volume and there-
fore we were unable to determine if the
beneficial effects of nocturnal hemodi-
alysis on LV mass and blood pressure
were a result of differences in relative
volume control between groups. Alter-
natively, decreased nocturnal hypox-
emia,29 reduced levels of catechol-
amines,30 or improved endothelial
function30 may have contributed. It is
unlikely that the observed changes in
mineral metabolism led to a reduction
in vascular calcification and conse-
quent improvement in vascular com-
pliance and afterload over a relatively
short 6-month period.

While our study could be criticized
for measuring surrogate end points that
have not been validated in ESRD, it is
important to note that we also mea-
sured HRQOL, an important outcome
in a chronic disease such as ESRD. We
found no difference in the primary qual-
ity of life measure comparing change
from baseline to 6 months, but noted sta-
tistically and clinically significant im-
provements in 2 of 4 kidney-specific
measures of quality of life comparing
change from baseline to 6 months. For
our primary quality of life end point, we
found that scores appeared to deterio-
rate consistently over time in patients
randomized to conventional hemodi-
alysis and be maintained or increase
slightly in patients randomized to noc-
turnal hemodialysis . These changes,
which were observed at baseline and be-
fore exposure to the intervention, may
have resulted from the subjective na-
ture of “overall” quality of life mea-
sures such as the EQ-5D index score,
and might represent an artificial antici-
patory effect, rather than a true effect
from nocturnal hemodialysis per se. It
is interesting to note that these results
(a slight increase in the quality of life in
nocturnal hemodialysis patients and a
reduction in quality of life in control pa-
tients) was also noted in a previous non-
randomized report31 and warrants fur-
ther study, given that our study was not

powered for quality of life outcomes.
These limitations acknowledged, the
magnitude of the change noted in util-
ity scores comparing 6 months and ran-
domization is similar to the mean change
observed in dialysis patients who re-
ceive a kidney transplant, suggesting this
difference in quality of life could be very
clinically significant.32

Although the current study pro-
vides new information on the benefits
of nocturnal hemodialysis , the results
should be interpreted within the con-
text of its limitations. First, the sample
size was small and the duration of fol-
low-up was limited. Using cardiovas-
cular magnetic resonance to measure
LV mass, the study was powered for the
primary end point. However, the small
sample size likely meant that the study
was underpowered to detect clinically
significant differences in several of the
quality of life outcome measures and
adverse event rates, including hospi-
talizations and vascular access compli-
cations. Similarly, the study was un-
derpowered to detect differences in
major cardiovascular events or sur-
vival. We believe the ultimate proof of
the clinical value of nocturnal hemo-
dialysis should be provided with large-
scale multicenter randomized trials with
hard clinical end points. Although the
National Institutes of Health is cur-
rently sponsoring a larger trial of noc-
turnal hemodialysis vs home hemodi-
alysis 3 times weekly,33 it is equally
unlikely that a trial of 250 partici-
pants will provide definitive data on ma-
jor clinical outcomes. As described re-
cently by this research group, more than
5000 patients would be needed to de-
tect a 30% difference in 1-year mortal-
ity between nocturnal hemodialysis and
conventional hemodialysis patients.34

Given the complexity and intrusive-
ness of dialysis modality interven-
tions, as illustrated by the difficulty of
other dialysis modality trials to suffi-
ciently recruit patients,35,36 and a con-
cern that randomizing patients to “in-
ferior” therapy is unethical,37 physicians
may be required to make decisions on
nocturnal hemodialysis using surro-
gate end point data as provided in this

clinical trial. Recognizing that most
clinical trials are not sufficiently pow-
ered to adequately address safety con-
cerns, we also believe that any future
observational studies, including noc-
turnal hemodialysis registry trials,38

should identify data collection for hos-
pitalizations and vascular access com-
plications as high priority.

Second, as with the majority of ran-
domized controlled trials, caution should
be exercised when generalizing study re-
sults to the underlying population. A
large proportion of our study patients
were recruited from home hemodialy-
sis or self-care hemodialysis programs,
perhaps enriching our sample with pa-
tients who were less likely to have prob-
lems mastering nocturnal hemodialy-
sis. Also, the mean dialysis vintage for our
patients exceeded 5 years. It is uncer-
tain whether frequent nocturnal hemo-
dialysis would be associated with regres-
sion of LV mass in newly diagnosed
hemodialysis patients in whom volume
control, due to preserved residual renal
function, is less problematic than in pa-
tients receiving long-term hemodialysis.

Finally, dose of dialysis using urea ki-
netics or other measures was not for-
mally collected in the frequent noctur-
nal hemodialysis group. A widely
acceptable method to accurately define
dose of solute clearance in frequent noc-
turnal hemodialysis has not been de-
fined. In this study, a minimum of 30
hours and a maximum of 48 hours of di-
alysis per week was delivered to pa-
tients within the nocturnal hemodialy-
sis group. In contrast, weekly dialysis for
conventional hemodialysis patients
ranged from 10.5 to 13.5 hours per week.
We believe the observed differences in
outcomes within this trial were second-
ary to the wide separation in delivered
dialysis time between groups. The addi-
tional dialysis time with frequent noc-
turnal hemodialysis theoretically pro-
vides better volume control and
improved solute clearance compared
with conventional hemodialysis. In a
similar light, the time spent undergo-
ing dialysis is likely the critical element
in the intervention within this trial. The
nocturnal aspect of the intervention sim-
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ply allows a patient to perform normal
day-to-day activities without the limita-
tions typically associated with frequent
daily dialysis.

CONCLUSIONS
In conclusion, compared with conven-
tional hemodialysis, nocturnal hemo-
dialysis regressed LV mass, reduced
blood pressure, improved measures of
mineral metabolism, and improved se-
lected measures of HRQOL. It is un-
likely that future studies will be pow-
ered to detect differences in clinical
outcomes such as mortality. Cost analy-
ses are planned alongside this clinical
trial. If it is found that nocturnal he-
modialysis has a favorable cost-
benefit profile compared with other di-
alysis therapies, then consideration
should be given to expansion of noc-
turnal hemodialysis centers, specifi-
cally for patients who wish to trade a
more demanding therapy for less car-
diovascular risk and a potential of im-
proved quality of life.
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