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ABSTRACT

Whether the duration of hemodialysis treatments improves outcomes remains controversial. Here, we
evaluated survival and clinical changes associated with converting from conventional hemodialysis
(mean=3.75 h/treatment) to in-center nocturnal hemodialysis (mean=7.85 h/treatment). All 959 consecu-
tive patients who initiated nocturnal hemodialysis for the first time in 77 Fresenius Medical Care facilities
during 2006 and 2007 were eligible. We used Cox models to compare risk for mortality during 2 years of
follow-up in a 1:3 propensity score-matched cohort of 746 nocturnal and 2062 control patients on con-
ventional hemodialysis. Two-year mortality was 19% among nocturnal hemodialysis patients compared
with 27% among conventional patients. Nocturnal hemodialysis associated with a 25% reduction in the risk
for death after adjustment for age, body mass index, and dialysis vintage (hazard ratio=0.75, 95% confi-
dence interval=0.61-0.91, P=0.004). With respect to clinical features, interdialytic weight gain, aloumin,
hemoglobin, dialysis dose, and calcium increased on nocturnal therapy, whereas postdialysis weight,
predialysis systolic blood pressure, ultrafiltration rate, phosphorus, and white blood cell count declined
(all P<0.001). In summary, notwithstanding the possibility of residual selection bias, conversion to treat-
ment with nocturnal hemodialysis associates with favorable clinical features, laboratory biomarkers, and
improved survival compared with propensity score-matched controls. The potential impact of extended
treatment time on clinical outcomes while maintaining a three times per week hemodialysis schedule
requires evaluation in future clinical trials.
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The contribution of dialysis time (i.e., treatment
duration) to outcomes in hemodialysis (HD) has
been debated for several decades. Recently, the
Hemodialysis Study failed to show a significant bene-
fit of high dialysis doses three times per week,!
prompting renewed interest in the role of modify-
ing dialysis frequency and/or time beyond simply
targeting a specific dose per treatment.? Although
promising results were reported with short daily
hemodialysis, concern was also raised regarding a
potentially detrimental effect of more frequent
cannulation on vascular access survival.> Other
barriers to propagation of more frequent (more
than three times per week) dialysis include patient
preferences,* payment constraints (e.g., payment
for three treatments weekly or up to four with justifi-
cation),® limited dialysis facility capacity, and avail-
ability of clinical personnel.® Thus, there is renewed
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interest in regimens that maintain a three times per
week schedule but increase the overall treatment
time per session.”

In thelast few years, better laboratory and patient
outcomes have been observed with three times per
week in-center nocturnal hemodialysis (INHD)
performed for more than 5.5 hours (generally about
8 hours) compared with three times per week
conventional hemodialysis (CHD) performed for
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3.0-5.5 hours.8-1¢ The reports were mostly
from single centers, with comparisons
made between cohorts or using a crossover
design within the same patients. As in all

77 FMCNA Facilities
with INHD Programs

288 FMCNA Facllities in
the Surrounding Area

observational studies, selection bias, sur-
vival bias, and other limitations must temper
interpretation of the findings. Nevertheless,

First Time Conversion to INHD
between January 1, 2006 and
December 31, 2007 (N=959)

Active CHD Patients as
of January 1, 2007

(N=20,106)

these observational studies add to our fund
of knowledge, filling in gaps when random-
ized clinical trials are not feasible or investi-
gators are unable to obtain the necessary
funding and support.

We previously reported better mortality

<

1:3 Match Based on:
Propensity Score
Area (i.e. Location)

3. Vintage <90 days vs. 290 days

and hospitalization outcomes associated

with INHD compared with CHD pa- (N=746)

INHD Study Cohort

CHD Controls
{N=2,062)

tients.!> While maintaining an observa-
tional cohort design in the current study,
we addressed concerns about our prior re-
port in two ways. (1) We modified patient
inclusion criteria as solely based on initial

Figure 1. Enroliment algorithm. Patient flow into the study.

Table 1. Baseline patient characteristics

(i.e., first-ever) conversion from CHD to

In-Center Three Times per Week

INHD. (2) We attenuated potential selec- Characteristics at Baseline Chronic Hemodialysis P Value
tion and treatment by indication biases by Nocturnal Conventional
incorporating a propensity score—driven Ppatients (N) 746 2062 _
matching algorithm to define a suitable Age in years [mean (SD)] 52.8 (13.4) 54.1 (14.4) 0.03
control group to evaluate comparative sur-  Female (%) 32.3 34.2 0.40
vival. We also used the controls to provide Race (%) 0.60
contextual secular trends in biomarkers black 51.0 48.8 —
over time. white 46.3 48.1 —
other 2.7 3.1 —
Diabetes (%) 47.7 50.7 0.20
Vintage in years [mean (SD)] 2.9 (3.6) 3.3(4.3) 0.006
RESULTS Bodygmassyindex [kg/mz; mean (SD)] 31.3(8.8) 30.2(8.8) 0.02
Vascular access (%) 0.70
The study cohort included 746 INHD pa- fistula 37.0 35.4 _
tients matched by propensity score, geo- graft 16.9 18.8 —
graphic area, and incident patient status catheter 45.8 45.6 —
(vintage=90 days versus vintage>90 days) unknown 0.3 0.2 —
to 2062 controls treated by CHD (Figure 1).  Laboratory values
Baseline patient characteristics (Table 1) albumin [g/L; mean (SD)] 38 (4) 38(4) 0.50
revealed that patients on INHD were youn- hemoglobin [g/dl; mean (SD)] 11.6 (1.4) 11.7(1.2) 0.60
ger (52.8 versus 54.1 years, P=0.03) with pho§phorus [mmol/L; mean (SD)] 5.7 (1.6) 5.6 (1.6) 0.20
shorter duration of ESRD (i.e., less vintage; calcium [mmol/L; mean (SD)] 9.0(0.8) 9008 0.80
2.9 versus 3.3 years, P=0.006) and slightly eKt/V [mean (SD)] 1.403) 1403) 0.40
' ' > ' WBC count [X1000/mcl; mean (SD)] 7.4 (2.3) 7.3(2.5) 0.90

larger body mass index (i.e., body mass
index; 31.3 kg/m2 versus 30.2 kg/mz,
P=0.02). The distribution of gender, race,
diabetes, vascular access type, and laboratory biomarkers were
similar between groups.

WBC, white blood cell.

Patient Survival

One-year mortality rates were 9% for INHD and 15% for CHD
controls, whereas 2-year mortality rates were 19% and 27%,
respectively (30% absolute reduction). Two-year Kaplan—
Meier survival curves (Figure 2) were better for INHD rel-
ative to CHD (log rank P<<0.001), with a mortality hazard
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rate ratio (HR) 0f 0.67 [95% confidence interval=0.52—0.88,
P=0.004] at 1 year and an HR of 0.69 (95% confidence in-
terval=0.58—0.84, P<<0.001) at 2 years (Figure 3). Second-
stage Cox models that adjusted for residual differences in
age, vintage, and body mass index indicated an HR of 0.73
(0.56-0.96, P=0.02) and an HR 0f 0.75 (0.61-0.91, P=0.004)
at 1 and 2 years, respectively. Additional analyses censoring
patients on switching modality had similar results (data not
shown).

J Am Soc Nephrol 23: 687-695, 2012
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Figure 2. Enhanced INHD survival. Kaplan-Meier 2-year survival curves comparing patients on INHD (broken line) with patients on

CHD (solid line).

15

| REF: cHD |
REF: CHD

W Primary Cox Models
0 Second Stage Cox Models

INHD, and (3) during the period from 91
to 180 days on INHD. These patients were
matched using the same propensity score—
based process to 1219 CHD controls con-

N
o
—_—

- "1

p=0.004

p=0.02

p<0.001

Hazard Ratios

o
tn
:

0.0 -

One Year INHD iortality

Note: Second stage Cox models were adjusted for age, BMI, and vintage.

Figure 3. Enhanced adjusted INHD survival. Results from Cox proportional hazard models
comparing time to death from patients treated by INHD with patients on CHD.

Changes Associated with Conversion to INHD

There were 725 patients (97%) who had at least one treatment on
CHD before converting to INHD, with accompanying changes in
dialysis prescription (Table 2). The conversion doubled dialysis
time but was accompanied by prescription changes that lowered
blood and dialysate flow rates as well as used smaller dialyzer
surface area. Among these patients, 435 (60%) contributed data
to all three distinct time periods: (1) 90-day baseline on CHD
before conversion to INHD, (2) during the first 90 days of

J Am Soc Nephrol 23: 687-695, 2012

p=0.004

tributing data to three consecutive 90-day
periods relative to study entry.

As a direct result of doubling treatment
time on converting to INHD, there was a
sustained significant increase from 1.4 to
2.3 in mean eKt/V, accompanied by sus-
tained significant decrease in ultrafiltration
rate (UFR) from 11 to 6 ml/kg per min com-
paring period 1 with both periods 2 and 3

Two Year INHD Mortality

(Figure 4, A and B). These changes in eKt/V
and UFR were not evident in propensity
score—matched controls (P<<0.001). Al-
though INHD patients remained heavier
than CHD patients (P<<0.001), there was a
trend for declining postdialysis weights and
predialysis systolic blood pressure in both
INHD and CHD (Figure 4, C and D). However, we observed a
balanced increase in both interdialytic weight gain (IDWG) and
intradialytic weight loss for INHD patients that was not evident
in CHD patients (Figure 4, E and F).

Among laboratory biomarkers (Figure 5, A-E), a sustained,
statistically significant decline in phosphorus levels from 5.73
to 5.02 mg/dl (P<<0.001) was observed with conversion to
INHD, whereas matched period prevalent CHD controls’
phosphorus levels increased minimally during the follow-up

In-Center Nocturnal Hemodialysis 689
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Table 2. Treatment parameters for 726 patients initiating
therapy with INHD and their hemodialysis prescriptions
during the immediate period before converting from CHD

Treatment Parameters
(Mean [SD] or Percent)

In-Center Chronic Hemodialysis

Nocturnal Prior Conventional

Time (min) 471 (31) 226 (28)
Blood flow rate (ml/min) 313 (77) 380 (69)
Dialysate flow rate (ml/min) 498 (143) 632 (135)
Dialyzer surface area (%)

1.5 m? 68 46

1.8 m? 27 41

2.0m? 4 6
Other dialyzers 0.4 7.6

period from 5.75 to 5.85 mg/dl (P=0.01). A small, statistically
significant decline was observed in white blood cell count, but
values at each period were not significantly different from
CHD controls. Patients on INHD began with slightly lower
baseline hemoglobin and albumin than CHD controls but
subsequently, had slightly higher levels during follow-up. Pa-
tients on CHD had smaller increases in albumin (0.2 versus
0.6 g/L) and hemoglobin (0.1 versus 0.4 g/dl), but there were
no significant differences between INHD and CHD cohorts
during each time period. For calcium, a small 0.1-0.2 mg/dl
sustained, significant (P<<0.001) increase of mean serum cal-
cium was observed in the INHD cohort, with minimal change
in CHD controls.

Technique Survival

Technique survival during the 2-year follow-up period is
shown in Figure 6. The mean time on INHD was 410*256
days (median=401 days) during the follow-up period. Overall,
438 of the original 746 patients (59%) in our INHD cohort
remained active on dialysis within Fresenius Medical Care,
North America (FMCNA) at the 2-year time point less
deaths/withdrawals (19%), renal transplants (12%), and dis-
charges (10%). Among the active patients, 186 patients (42%)
were still on INHD therapy after 2 years. To provide contrast,
1185 patients (57%) remained active among the CHD cohort
at the end of the study less deaths/withdrawals (27%), renal
transplants (6%), and discharges (10%).

DISCUSSION

To our knowledge, this study is the largest INHD survival study
reported, with a longer follow-up period of up to 2 years.
Results indicated a 25% lower adjusted mortality HR for
patients on INHD therapy that was sustained over 2 years. This
study followed INHD patients from the time of initial
conversion and attempted to find suitable controls with a
rigorous propensity score match that included case mix,
vascular access, and key laboratory parameters, with additional
matching by geographic area to account for local practice
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patterns and environmental/population factors and then by
incident or prevalent patient status to avoid an imbalance
between cohorts among patients new to dialysis therapy.
Additionally, because there remained three measured factors
that were not statistically balanced after the match, we per-
formed second-stage Cox models to adjust for the remaining
residual differences. Furthermore, the results were robust to
sensitivity analyses that censored patients after 30 days of
switching modality. Posthoc, despite adjusting for body mass
index in the second-stage Cox model for mortality, we added
baseline weight (which had a wider difference relative to what
was reflected by the BMI) to the model, and results were
minimally attenuated (data not shown).

Our findings extend outcome differences observed in our
initial report, which only tracked a period-prevalent cohort over
1 year. In that study, the observed mortality was lower in the
INHD cohort, but the difference lost statistical significance after
adjustment for case mix and laboratories.!> The initial report was
designed as a 1-year overview of the program and suffered from
numerous design flaws that were addressed in the current study.
Since then, a prospective trial was undertaken by Ok et al.1® that
matched 247 INHD patients with 247 period-prevalent CHD
patients based on age, gender, and presence of diabetes, finding a
72% relative risk reduction for mortality in the INHD cohort
(P=0.02) over a mean follow-up period of 11.3+4.7 months. No
other controlled INHD survival data have been published,
although outcomes reported for nocturnal home hemodi-
alysis (albeit not directly comparable because of different
site and frequency of 5-7 times per week) indicated similar
outcomes.!7-18 G. Nesrallah et al. (unpublished data) have
shown a 45% mortality risk reduction (P=0.01) comparing
home nocturnal hemodialysis with CHD. In comparison, we
found a relatively modest but significant 27% relative risk re-
duction at 1 year and 25% by the second year of the follow-up
period.

Almost by definition, in addition to daytime versus night-
time therapy, doubling of mean treatment time from 226 to 471
minutes differentiates CHD from INHD. Longer treatment
time has been associated with improved outcomes.” The first
directly relatable effect was a marked increase in urea clearance
(Figure 4A), represented by eKt/V—with emphasis on the t
component, despite the shift to lower K from prescriptions of
dialyzers with less surface area and lower blood and dialysate
flow rates (Table 2). However, urea clearance does not repre-
sent clearance of all solutes, especially those solutes that have
larger molecular weight and/or are not as freely diffusible be-
tween body compartments.!'®

The most dramatic impact that we observed was on
phosphorus (Figure 5C), consistent with nearly all studies of
INHD,8-11,13-16 driven by longer time for rate-limited equil-
ibration of phosphate from nonvascular body compartments
to the dialyzable vascular space to occur.'42° High levels of
phosphorus have been associated with increased morbidity
and mortality in epidemiologic studies of HD patients.?!-22
Of note, there were small, statistically significant changes in

J Am Soc Nephrol 23: 687-695, 2012
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Figure 4. Improved clinical features on INHD. Changes in (A) dialysis dose, (B) ultrafiltration rate, (C) postdialysis weight, (D) predialysis
systolic blood pressure, (E) interdialytic weight gain, and (F) intradialytic weight loss associated with conversion from CHD to INHD from
baseline (period 1), first 90 days (period 2), and days 91-180 (period 3) along with period prevalent propensity score-matched controls

that were treated solely with CHD. (INHD: n=435; CHD: n=1219).

other biomarkers, although their clinical significance is un-
certain. Nevertheless, the direction of change in most of these
biomarkers with INHD was either neutral or desirable.
Among them, small differences in albumin between cohorts
have been correlated with better morbidity and mortality.?? In
addition, an increase in serum calcium, as long as it does not
lead to hypercalcemia, may be salutary, because low calcium
levels have also been associated with higher mortal risk, par-
ticularly in African American patients.?*

The other, more important major change directly attribut-
ableto doubling of treatment time was that INHD patients were
able to remove accumulated fluid gains over a longer period,
effectively reducing UFR by almost one-half (Figure 4B). Some

J Am Soc Nephrol 23: 687-695, 2012

INHD programs are actually used by referring physicians to
address the needs of patients with difficulty removing fluid,
often associated with high IDWG,% !> which is a potential ex-
planation for proportionately higher representation of youn-
ger age, African American, and male in the INHD cohort. To
date, at least three studies have shown better survival with
lower UFR, with the threshold for increased mortal risk ob-
served between 10 and 13 ml/kg per hour.?>-27 High UFRs
predispose patients to myocardial ischemia and stunning
from hypoperfusion related to intradialytic hypotension and
tachycardia, especially in a patient with pre-existing myocar-
dial disease.?® Therefore, a pathobiologic link exists between
UFR and cardiovascular morbidity and mortality.

In-Center Nocturnal Hemodialysis 691
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Figure 5. Improved biomarkers on INHD. Laboratory changes for (A) albumin, (B) hemoglobin, (C) phosphorus, (D) calcium, and (E) white
blood cell count associated with conversion from CHD to INHD from baseline (period 1), first 90 days (period 2), and days 91-180 (period 3)
along with period prevalent propensity score-matched controls that were treated solely with CHD. (INHD: n=435; CHD: n=1219).

The study has several limitations. First, the observational
design delineates associations but does not prove causation.
Hence, unmeasured residual confounding is unavoidable
(i.e., traits that may predispose patients to self-select nocturnal
therapy, such as being educated or employed, may predispose
to good outcomes). For example, residual confounding could
be manifested by the higher transplantation rate observed in
the INHD cohort, although it is also possible that extended
survival may have allowed for a greater number of renal trans-
plants to occur. A second limitation may be the lack of adjust-
ment for patient comorbidity other than diabetes. Third, the
study is subject to survival bias associated with selecting patients
who are not all new to dialysis. However, we attempted to mit-
igate this issue by including dialysis vintage in the initial pro-
pensity score-matching algorithm, further matching by incident
patient status based on dialysis vintage<90 days versus vin-
tage>>90 days and then adjusting for vintage in the second-stage

692 Journal of the American Society of Nephrology

Cox models. Finally, the mortality rates observed in the control
group (15% in the first year) were better than overall prevalent
dialysis mortality rates of ~21% reported in the United States for
2008,%° consistent with having a selected population—younger,
mostly male, proportionately more African Americans, and
larger body mass index. Anecdotally, many physicians have in-
formally communicated to FMCNA staff that patients with high
ultrafiltration requirements (because of high IDWG, often in
large patients) were preferentially referred for INHD. These
patients’ estimated dry weights were difficult to achieve within
the constraints of conventional dialysis; at times, this difficulty
led to symptomatic treatments because of intravascular volume
depletion, if not overt hypotension, from high rates of fluid
removal. Such patient selection patterns also highlight that pref-
erence for INHD therapy is not necessarily for everyone.*

In summary, notwithstanding the possibility of residual
selection bias, patients who opted for or converted to INHD

J Am Soc Nephrol 23: 687-695, 2012
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Figure 6. Long-term maintenance INHD therapy. INHD technique survival over 2 years.

exhibited a 25% reduction in 2-year mortality risk compared with
rigorously matched controls on CHD from within the same
geographic area. Conversion to INHD was associated with
favorable laboratory biomarkers with significantly lower serum
phosphorus despite improved or stable nutritional status (reflected
by stable or higher serum albumin, stable or higher IDWG, and
stable or minimally lower postdialysis weight). This study supports
the notion that therapy with INHD is a viable alternative dialysis
regimen. The potential role of extended treatment time on solute
and fluid clearance (and equilibration in body compartments) that
may explain our findings requires additional evaluation. A
randomized clinical trial is warranted (e.g., three times per week
in-center nocturnal 4- vs. 8-hour HD treatments), but the feasi-
bility of conducting such a study has yet to be formally explored.

CONCISE METHODS

Patient Population
All consecutive patients initiating >5.5-hour INHD for the first time

from 77 FMCNA facilities between January 1, 2006 and December 31,
2007 were eligible. All other CHD patients from up to 288 facilities
within the surrounding geographic area that were active on January 1,
2007, were eligible to become controls. We collated demographic
(age, gender, race, diabetes, length of time on dialysis or vintage,
body mass index as derived from postdialysis weight and height,
and vascular access) and baseline laboratory information (albumin,
hemoglobin, phosphorus, calcium, and white blood cell count) im-
mediately before conversion to INHD. These baseline variables were

J Am Soc Nephrol 23: 687-695, 2012

used to construct a propensity score. The final study cohorts consisted
of a 1:3 ratio of matched INHD to CHD patients (Figure 1) based
on three matching factors: propensity score, geographic area (i.e.,
facility location), and incident patient status (i.e., dialysis vin-
tage=90 days versus vintage>90 days).

In FMCNA facilities, HD treatments generally used Fresenius
2008H/K machines and single use of Optiflux 160, 180, or 200
dialyzers (Fresenius USA, Walnut Creek, CA) with few exceptions.
Treatment parameters that differentiated INHD from CHD included
longer dialysis time, smaller dialyzer surface area, and lower blood
and dialysate flow rates.'®> For the current study, we documented
dialysis prescription changes in these parameters on conversion
from CHD to INHD. All blood samples were drawn predialysis
(except postdialysis urea for dialysis dose calculations) and
were processed by a central laboratory (Spectra Laboratories,
Rockleigh, NTJ).

Study Endpoints
The study entry date was defined as the conversion date to INHD

therapy, and for CHD controls, the midpoint of the eligibility period
(January 1, 2007) was the study entry date. All patients were followed
for up to 2 years until December 31, 2009, with the primary endpoint
being mortality (a composite of death and withdrawal from dialysis).
Patients lost to follow-up during the year contributed exposure time
until kidney transplant or the last day before transfer out of the
FMCNA system. Technique failure rate, defined by the proportion
of active dialysis patients that converted to CHD, home HD, or
peritoneal dialysis for atleast 30 days, was also recorded as a secondary
endpoint.

693
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Statistical Analyses
Descriptive data at baseline were presented as means or percentages of

the total. Statistical significance was determined based on ¢ tests and chi-
squared tests where appropriate. We plotted Kaplan—Meier survival
curves for each cohort. Cox proportional hazard regression models
were used to determine HR for both 1- and 2-year mortality comparing
INHD with matched CHD controls. The proportional hazard assump-
tion was tested and found to be valid. Patients were analyzed based on
treatment assignment at the start of follow-up, regardless of whether
they received the same dialysis throughout the follow-up period (i.e., by
intention to treat). Second-stage Cox models included additional ad-
justment for age, vintage, and body mass index, because these variables
exhibited residual differences after the propensity score—based matching
process. Consistent with prior analyses, vintage was transformed into
square root when entered into the models.?! We performed a sensitivity
analysis where patients were censored on changing dialysis modality for
greater than 30 days (as-treated analysis). Deaths occurring within 30
days of censor date, however, were attributed to baseline modality.

In the subset of INHD patients with CHD data available from up to 90
days before conversion and with follow-up data for up to 180 days of
INHD therapy, we evaluated the early changes (mean value within the
first 90 days) and sustained changes (91-180 days) in postdialysis weight,
IDWG, intradialytic weight loss, predialysis systolic blood pressure,
UEFR based on the intradialytic change in weight (ml/kg body weight
per hour), and laboratory results (albumin, hemoglobin, phosphorus,
eKt/V, white blood cell count, and calcium). Albumin was determined
by bromcresol green method, whereas eKt/V was derived from Kt/V
obtained by urea kinetic modeling based on two-sample blood urea
nitrogen variable volume method.?!3° For CHD patients matched to
this INHD subgroup, we also obtained the corresponding mean baseline
(90 days before study entry), first 90 days, and 91-180 days follow-up
data. These variables were all continuous variables that were compared
using two-sided ¢ tests in two ways: (1) changes relative to the baseline
and (2) period-matched values between INHD and CHD cohorts. All
statistical tests were performed using SAS version 9.2 (SAS Institute,
Cary, NC).

ACKNOWLEDGMENTS

We are grateful to Sandra MacGregor for judiciously compiling in-
formation about the FMCNA nocturnal in-center programs. We also
thank Weiling Wang for conducting posthoc statistical analyses that were
requested during peer review. We thank Allison Baginsky and Carol-Ann
McKenna for preparing print-quality figures. Finally, we thank the clinical
staff caring for our patients, especially the staff that works the night shift
and maintains excellent quality of care for patients on INHD therapy.
Part of this material was presented in the National Kidney Foundation’s
2010 Spring Clinical Meeting in Orlando, Florida, April 15-17, 2010.

DISCLOSURES

E.L, J.X,, K.L,, N.O,, M.L., and R.M.H. were or remain as employees of
Fresenius Medical Care, North America, and may have stock options.

694 Journal of the American Society of Nephrology

REFERENCES

1. 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, Omt DB, Rocco MV, Schulman G, Schwab SJ, Teehan BP, Toto R
Hemodialysis (HEMO) Study Group: Effect of dialysis dose and membrane
flux in maintenance hemodialysis. N Engl J Med 347: 2010-2019, 2002

2. Suri RS, Garg AX, Chertow GM, Levin NW, Rocco MV, Greene T, Beck
GJ, Gassman JJ, Eggers PW, Star RA, Ornt DB, Kliger AS Frequent
Hemodialysis Network Trial Group: Frequent Hemodialysis Network
(FHN) randomized trials: Study design. Kidney Int 71: 349-359, 2007

3. Chertow GM, Levin NW, Beck GJ, Depner TA, Eggers PW, Gassman JJ,
Gorodetskaya |, Greene T, James S, Larive B, Lindsay RM, Mehta RL,
Miller B, Ornt DB, Rajagopalan S, Rastogi A, Rocco MV, Schiller B,
Sergeyeva O, Schulman G, Ting GO, Unruh ML, Star RA, Kliger AS FHN
Trial Group: In-center hemodialysis six times per week versus three
times per week. N Engl J Med 363: 2287-2300, 2010

4. Ramkumar N, Beddhu S, Eggers P, Pappas LM, Cheung AK: Patient
preferences for in-center intense hemodialysis. Hemodial Int 9: 281—
295, 2005

5. Centers for Medicare & Medicaid Services (CMS), HHS: Medicare
program; End-stage renal disease prospective payment system. Final
rule. Fed Regist 75: 49029-49214, 2010

6. Cahill M, Payne G: Online mentoring: ANNAConnections. Nephrol
Nurs J 33: 695-697, 2006

7. Lacson E Jr, Lazarus M: Dialysis time: Does it matter? A reappraisal of
existing literature. Curr Opin Nephrol Hypertens 20: 189-194, 2011

8. Troidle L, Hotchkiss M, Finkelstein F: A thrice weekly in-center nocturnal
hemodialysis program. Adv Chronic Kidney Dis 14: 244-248, 2007

9. Bugeja A, Dacouris N, Thomas A, Marticorena R, McFarlane P, Donnelly
S, Goldstein M: In-center nocturnal hemodialysis: Another option in the
management of chronic kidney disease. Clin JAm Soc Nephrol 4:778-
783, 2009

10. Cravedi P, Ruggenenti P, Mingardi G, Sghirlanzoni MC, Remuzzi G:
Thrice-weekly in-center nocturnal hemodialysis: An effective strategy
to optimize chronic dialysis therapy. Int J Artif Organs 32: 12-19, 2009

11. David S, Kimpers P, Eisenbach GM, Haller H, Kielstein JT: Prospective
evaluation of an in-centre conversion from conventional haemodialysis
to an intensified nocturnal strategy. Nephrol Dial Transplant 24: 2232~
2240, 2009

12. Koch BC, Hagen EC, Nagtegaal JE, Boringa JB, Kerkhof GA, Ter Wee PM:
Effects of nocturnal hemodialysis on melatonin rhythm and sleep-wake
behavior: An uncontrolled trial. Am J Kidney Dis 53: 658-664, 2009

13. Powell JR, Oluwaseun O, Woo YM, Padmanabhan N, Narasinghan E,
Latta C, Tortolano J, Jardine AG, Geddes CC: Ten years experience of
in-center thrice weekly long overnight hemodialysis. Clin J Am Soc
Nephrol 4: 1097-1101, 2009

14. Troidle L, Finkelstein F, Hotchkiss M, Leypoldt JK: Enhanced solute
removal with intermittent, in-center, 8-hour nocturnal hemodialysis.
Hemodial Int 13: 487-491, 2009

15. Lacson E Jr, Wang W, Lester K, Ofsthun N, Lazarus JM, Hakim RM:
Outcomes associated with in-center nocturnal hemodialysis from a
large multicenter program. Clin J Am Soc Nephrol 5: 220-226, 2010

16. Ok E, Duman S, Asci G, Tumuklu M, Onen SO, Kayikcioglu M, Toz H,
Adam SM, Yilmaz M, Tonbul HZ, Ozkahya M: Comparison of 4- and 8-h
dialysis sessions in thrice-weekly in-centre haemodialysis: A pro-
spective, case-controlled study. Nephrol Dial Transplant 26: 1287-1296,
2011

17. Johansen KL, Zhang R, Huang Y, Chen SC, Blagg CR, Goldfarb-
Rumyantzev AS, Hoy CD, Lockridge RS Jr, Miller BW, Eggers PW,
Kutner NG: Survival and hospitalization among patients using nocturnal
and short daily compared to conventional hemodialysis: A USRDS
study. Kidney Int 76: 984-990, 2009

18. Pauly RP, Maximova K, Coppens J, Asad RA, Pierratos A, Komenda P,
Copland M, Nesrallah GE, Levin A, Chery A, Chan CT CAN-SLEEP

J Am Soc Nephrol 23: 687-695, 2012



19.

20.

21.

22.

23.

24.

25.

Collaborative Group: Patient and technique survival among a Canadian
multicenter nocturnal home hemodialysis cohort. Clin J Am Soc
Nephrol 5: 1815-1820, 2010

DeSoi CA, Umans JG: Phosphate kinetics during high-flux hemodialy-
sis. J Am Soc Nephrol 4: 1214-1218, 1993

Eloot S, Van Biesen W, Dhondt A, Van de Wynkele H, Glorieux G,
Verdonck P, Vanholder R: Impact of hemodialysis duration on the re-
moval of uremic retention solutes. Kidney Int 73: 765-770, 2008
Lacson E Jr, Wang W, Hakim RM, Teng M, Lazarus JM: Associates of
mortality and hospitalization in hemodialysis: Potentially actionable
laboratory variables and vascular access. Am J Kidney Dis 53: 79-90,
2009

Kalantar-Zadeh K, Kuwae N, Regidor DL, Kovesdy CP, Kilpatrick RD,
Shinaberger CS, McAllister CJ, Budoff MJ, Salusky 1B, Kopple JD:
Survival predictability of time-varying indicators of bone disease in
maintenance hemodialysis patients. Kidney Int 70: 771-780, 2006
Lacson E Jr, Ikizler TA, Lazarus JM, Teng M, Hakim RM: Potential impact
of nutritional intervention on end-stage renal disease hospitalization,
death, and treatment costs. J Ren Nutr 17: 363-371, 2007

Miller JE, Kovesdy CP, Norris KC, Mehrotra R, Nissenson AR, Kopple
JD, Kalantar-Zadeh K: Association of cumulatively low or high serum
calcium levels with mortality in long-term hemodialysis patients. Am J
Nephrol 32: 403-413, 2010

Saran R, Bragg-Gresham JL, Levin NW, Twardowski ZJ, Wizemann V,
Saito A, Kimata N, Gillespie BW, Combe C, Bommer J, Akiba T, Mapes
DL, Young EW, Port FK: Longer treatment time and slower ultrafiltration

J Am Soc Nephrol 23: 687-695, 2012

26.

27.

28.

29.

30.

www.jasn.org | CLINICAL EPIDEMIOLOGY

in hemodialysis: associations with reduced mortality in the DOPPS.
Kidney Int 69: 1222-1228, 2006

Movilli E, Gaggia P, Zubani R, Camerini C, Vizzardi V, Parrinello G,
Savoldi S, Fischer MS, Londrino F, Cancarini G: Association between
high ultrafiltration rates and mortality in uraemic patients on regular
haemodialysis. A 5-year prospective observational multicentre study.
Nephrol Dial Transplant 22: 3547-3552, 2007

Flythe JE, Kimmel SE, Brunelli SM: Rapid fluid removal during dialysis
is associated with cardiovascular morbidity and mortality. Kidney Int
79: 250-257, 2011

Flythe JE, Brunelli SM: The risks of high ultrafiltration rate in chronic
hemodialysis: implications for patient care. Semin Dial 24: 259-265, 2011
United States Renal Data System: USRDS Annual Data Report: Atlas of
Chronic Kidney and End-Stage Renal Disease in the United States,
Bethesda, MD, National Institutes of Health, National Institute of Di-
abetes and Digestive and Kidney Diseases, 2010

Miller JE, Kovesdy CP, Nissenson AR, Mehrotra R, Streja E, Van Wyck D,
Greenland S, Kalantar-Zadeh K: Association of hemodialysis treatment
time and dose with mortality and the role of race and sex. Am J Kidney
Dis 55: 100-112, 2010

See related editorials, “The Eternal (Nocturnal) Quest for Better Dialysis Out-
comes” and “Intensive Hemodialysis: Back to the Beginning?” on pages 571-
573 and 573-575, respectively.

695

In-Center Nocturnal Hemodialysis



