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Abstract
Background. Longer dialysis session length (treatment
time, TT) has been associated with better survival among
hemodialysis (HD) patients. The impact of TT on clinical
markers that may contribute to this survival advantage is
not well known.
Methods. Using data from the international Dialysis Out-
comes and Practice Patterns Study, we assessed the associ-
ation of TT with clinical outcomes using both standard
regression analyses and instrumental variable approaches.
The study included 37 414 patients on in-center HD three
times per week with prescribed TT from 120 to 420 min.
Results. Facility mean TT ranged from 214 min in the

USA to 256 min in Australia–New Zealand. Accounting for
country effects, mortality risk was lower for patients with
longer TT {hazard ratio for every 30 min: all-cause mor-
tality: 0.94 [95% confidence interval (CI): 0.92–0.97], car-
diovascular mortality: 0.95 (95% CI: 0.91–0.98) and
sudden death: 0.93 (95% CI: 0.88–0.98)}. Patients with
longer TT had lower pre- and post-dialysis systolic blood
pressure, greater intradialytic weight loss, higher hemo-
globin (for the same erythropoietin dose), serum albumin
and potassium and lower serum phosphorus and white
blood cell counts. Similar associations were found using the
instrumental variable approach, although the positive associ-
ations of TTwith weight loss and potassium were lost.

© The Author 2012. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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Conclusions. Favorable levels of a variety of clinical
markers may contribute to the better survival of patients re-
ceiving longer TT. These findings support longer TT pre-
scription in the setting of in-center, three times per week HD.

Keywords: DOPPS; hemodialysis; outcomes; survival; treatment length

Introduction

The morbidity and mortality rate of patients receiving three
times per week hemodialysis (HD) remain unacceptably
high [1]. Compared to ‘standard’ dialysis, daily in-center
and long nightly home dialysis have been associated with
better outcomes and quality of life in small cohorts of se-
lected patients [2–4]. In the recent Frequent Hemodialysis
Network trial, six times per week dialysis was associated
with favorable outcomes compared to the standard regimen
[5]. While extended dialysis schedules may lead to better
clinical outcomes, logistical, financial, and other impedi-
ments remain for their use for the majority of HD patients.

Most HD patients worldwide receive conventional
three times per week dialysis with a duration of <5 h [1].
Even in this setting, shorter dialysis session length (treat-
ment time, TT) has been associated with worse survival
[6–11]. While the association of TT with survival is inde-
pendent of dialysis dose, most prior studies did not
provide a mechanistic insight through assessment of the
association of TT with clinical markers (e.g. hemoglobin,
serum phosphorus, blood pressure) which may contribute
to morbidity and mortality in this population. Further-
more, despite the wide range of adjustments and analytic
techniques [11], prior studies failed to completely address
differences in the health status of patients receiving longer
versus shorter TT. The present study highlights inter-
national differences in TT, presents associations of TT
with intermediate measures and applies an instrumental
variable approach to account, in part, for unmeasured con-
founders that may bias the associations of TT with clinical
outcomes.

Materials and methods

Data sources

The Dialysis Outcomes and Practice Patterns Study (DOPPS) is a pro-
spective cohort study of in-center HD patients. Details on the study
design have been described previously [12, 13].

The current study included data from seven countries (France,
Germany, Italy, Japan, Spain, the UK and the USA) in DOPPS 1 (1996–
2001) and from an additional five countries (Australia, Belgium, Canada,
New Zealand and Sweden) in DOPPS 2 (2002–04) and 3 (2005–08).
Selected data are presented within the geographic regions: North
America (USA +Canada); Eur/ANZ (European countries + Australia and
New Zealand) and Japan. Detailed case-mix and comorbid data were col-
lected at study entry. Cause-specific mortality and hospitalization events
were collected during the study follow-up. Informed patient consent was
obtained as indicated in accordance with local requirements.

TT was defined as the prescribed HD session length and was analyzed
as a continuous variable (per 30 min longer TT) as well as a categorical
variable ( < 200, 200–225, 226–250 and > 250 min). Because TT for the
great majority of patients was at exactly 30 min intervals, we used 180,
210, 240 and 270–300 min as respective surrogate names for the categories.
Mortality included all-cause mortality, cardiovascular death and sudden
death (mortality due to cardiac arrhythmia, cardiac arrest or hyperkalemia).

Hospitalizations included all-cause hospitalization, hospitalizations due to
cardiovascular events and congestive heart failure or fluid overload. Inter-
mediate outcomes included intradialytic weight loss, pre- and post-dialysis
systolic blood pressure (SBP) and laboratory values [hemoglobin, white
blood cell count (WBC), serum phosphorus, potassium, albumin and ferri-
tin] measured at study enrollment. Sensitivity analyses were conducted
using the delivered TT (i.e. the HD session length as actually received).

Statistical analysis

Differences in patient characteristics across TT categories were assessed
using a test for trends. Linear mixed models for continuous outcomes and
the Generalized Estimating Equation method with logit link function for
dichotomized outcomes were used to examine the associations between
TT and patient intermediate outcomes. Models were adjusted for patient
characteristics, DOPPS country and study phase and accounted for facil-
ity clustering, assuming a compound symmetry covariance structure. Cox
models were used to estimate the associations of TTwith mortality/hospi-
talization risk, were stratified by country and study phase and accounted
for facility clustering using robust sandwich covariance estimators. The
proportional hazard assumption was tested and satisfied.

In order to partially account for patient-level unmeasured confounders
which may impact the relationship between TT and outcomes, we also con-
ducted a separate set of analyses applying an instrumental variable approach
that used the dialysis facility as the instrument [14–17]. For patient inter-
mediate outcomes, we conducted the standard two-stage least square instru-
mental variable method for continuous outcomes and an extended, two-
stage instrumental variable method with a linear model as the first stage and
logistic regression as the second stage for dichotomized outcomes. For risk
of mortality/hospitalization, we used an extended instrumental variable ap-
proach that uses a linear model first stage and a Cox model second stage
[18]. Since the F-statistic in all the first-stage models was > 25, we rejected
the null hypothesis of weak instruments with the interpretation that the in-
strumental variable estimates are less biased [15, 19, 20].

A multiple imputation method was used to correct for potential
biases that could be caused by missing values using the standard software
IVEware [21]. All statistical analyses were performed using SAS software,
version 9.2 (SAS Institute, Cary, NC). The authors have followed the
STrengthening the Reporting of OBservational studies in Epidemiology
(STROBE) Statement guidelines for reporting observational studies [22].

Results

Study sample

This study included 37 414 patients receiving three HD
treatments per week with prescribed TT from 120 to 420
min at study enrollment; 15 442 patients were from 308
facilities in DOPPS 1, 11 553 patients were from
322 facilities in DOPPS 2 and 10 419 patients were from
300 facilities in DOPPS 3. The mean follow-up was 19
months. During the study period, 8961 patients died (mor-
tality rate: 0.15/year).

Distribution of TT across DOPPS countries and over time

Distributions of facility mean TT (FMTT) by DOPPS
country and phase are presented in Figure 1. Large differ-
ences in FMTT were observed across countries (P <
0.001), with the longest average FMTT (256 ± 23 min) in
ANZ and the shortest in the USA (214 ± 17 min). Overall,
FMTT increased over time from DOPPS 1 to DOPPS 3
(P < 0.001). A significant increase in FMTT over time was
found in ANZ, Belgium, Germany, Spain, Sweden and
the USA (P < 0.05), and a significant decrease was found
in Japan (P = 0.01). Distributions of patient prescribed TT
in DOPPS 1–3 by country are presented in Figure 2. Sig-
nificant differences in the distribution of TT were found
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across countries (P < 0.001). The prevalence of TT < 200
min was highest in the USA (33.1%) and lowest in Aus-
tralia/New Zealand (7.5%).

Patient characteristics by TT categories

Patient characteristics by prescribed TT at study enroll-
ment within each DOPPS region are shown in Table 1.
Patients with longer TT were younger, more likely male,
had longer end-stage renal disease (ESRD) duration and
higher body weight (P < 0.001 for all). The prevalence of
comorbidities within each TT category varied across the
DOPPS regions. In all regions, patients with longer TT
had higher hemoglobin and serum albumin levels, were
less likely to use a catheter as vascular access, had higher
blood flow rates and were more likely to be treated with
high-flux dialyzers (P≤ 0.01 for all).

TT and mortality and hospitalization risk

Table 2 shows that longer TT was associated with lower
mortality and hospitalization risk, both in unadjusted and
adjusted standard regression models. Because most trends
across categories were approximately linear, we also
examined TT as a continuous variable. In Figure 3, the
adjusted standard regression models show a significantly
decreased risk of both mortality [hazard ratio (HR) = 0.94,
95% confidence interval (CI): 0.92–0.97] and hospitaliz-
ation (HR = 0.97, 95% CI: 0.96–0.99) per 30 min longer
TT. Results of the instrumental variable analyses yielded
qualitatively similar estimates with (as expected) less
precision.
A sensitivity analysis adjusting for patient height and

target weight rather than body mass index was consistent
(all-cause mortality HR = 0.94, 95% CI: 0.91–0.96). Stra-
tifying by the median target weight (66 kg) provided
similar results below (HR = 0.92, 95% CI: 0.89–0.95)
and above (HR = 0.95, 95% CI: 0.92–0.98) the median
(P for interaction = 0.42). Additionally, all-cause mortality
results were consistent in models that excluded patients (i)
using a catheter as vascular access [HR = 0.93 (95% CI:
0.90–0.95) per 30 min longer TT], (ii) with TT >240 min
[HR = 0.95 (95% CI: 0.92–0.98) per 30 min longer TT]
or (iii) who had been on dialysis for <12 months [HR =
0.94 (95% CI: 0.91–0.97) per 30 min longer TT]. In
addition to prescribed TT, we evaluated the association of
delivered (versus prescribed) TT with outcomes and
found consistent results [all-cause mortality HR = 0.92
(95% CI: 0.89–0.95) per 30 min TT]. A sensitivity analy-
sis adjusting for single pool Kt/V rather than blood flow
rate attenuated the effect slightly, as expected [all-cause
mortality HR = 0.96 (95% CI: 0.93–0.99) per 30 min
longer TT], due to collinearity with TT.
A significant interaction effect (P < 0.001) was found

between TT and DOPPS regions (Figure 4). Longer TT
was strongly associated with lower mortality in Japan
[HR = 0.75 (95% CI: 0.69–0.81) per 30 min longer TT],
still significantly associated with lower mortality in Eur/
ANZ [HR = 0.94 (95% CI: 0.91–0.97) per 30 min longer
TT], but not associated with mortality in North America
[HR = 0.98 (95% CI: 0.95–1.02) per 30 min longer TT].
Similar TT effect on mortality was found in each region
after adjusting for non-adherence with dialysis prescrip-
tion (defined as any skipped dialysis session in the 30
days prior to DOPPS enrollment) [23]. Because Japanese
patients receiving < 4 h of TT may be a subset of the
sickest patients, an analysis restricted to patients with TT
≥240 min was conducted and found similar results in
Japan [all-cause mortality HR = 0.75 (95% CI: 0.64–0.88)
per 30 min longer TT].
Overall, the protective effect of TT on mortality ap-

peared to be most pronounced among patients with low
blood flow rate (P = 0.02 for interaction between TT and
blood flow rate). However, this finding was likely con-
founded by region, as Japan had the lowest blood flow
rates and the strongest association between TT and mor-
tality. Within each of the three geographic regions, no sig-
nificant interaction between TT and blood flow rate was
found (all P > 0.1).

Fig. 1. Distribution of facility mean prescribed TT by DOPPS country
and by phase. The box shows the 25th–75th and the whiskers the 5th–
95th percentile ranges. *P < 0.05 for increase over time. DOPPS Phase 1
(1996–2001), Phase 2 (2002–04) and Phase 3 (2005–08). ANZ,
Australia and New Zealand; BE, Belgium; CA, Canada; FR, France; GE,
Germany; IT, Italy; JP, Japan; SP, Spain; SW, Sweden; UK, United
Kingdom; USA, United States of America.

Fig. 2. Distribution of patient-level prescribed TT categories by DOPPS
country. DOPPS Phase 1 (1996–2001), Phase 2 (2002–04) and Phase 3
(2005–08). ANZ, Australia and New Zealand; BE, Belgium; CA,
Canada; FR, France; GE, Germany; IT, Italy; JP, Japan; SP, Spain; SW,
Sweden; UK, United Kingdom; USA, United States of America.
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TT and intermediate outcomes

Associations between prescribed TT (both categorically
and continuously) and intermediate outcomes are shown
in Table 3. Longer TT was associated with levels of in-
termediate outcomes which are generally considered
favorable, including higher hemoglobin [for a given ery-
thropoietin (EPO) dose] and serum albumin, lower WBC
and phosphorus. Longer TT was associated with greater
weight loss and higher potassium levels in the standard
regression models (perhaps due to unmeasured confound-
ing by indication), but these associations were lost in the
instrumental variable analysis (intended to lessen the

biases resulting from patient-level unmeasured confoun-
ders). The associations between TT and achievement of
clinical practice targets (most recent at time of manuscript
submission) are shown in Figure 5. These associations are
in keeping with the findings in Table 3.

Discussion

The present study examined a large cohort of patients re-
ceiving in-center, three times per week maintenance HD
at 930 facilities in 12 countries participating in the

Table 1. Patient characteristics by patient TT categories within each DOPPS region

Patient TT P-valuea

180 min 210 min 240 min 270–300 min

Number of patients All regions 8411 (22%) 7282 (19%) 16 795 (45%) 4926 (13%)
North America (%) 4924 (32%) 4587 (29%) 5124 (33%) 948 (6%)
Eur/ANZ (%) 2556 (17%) 2306 (15%) 7389 (49%) 2950 (19%)
Japan (%) 931 (14%) 389 (6%) 4282 (65%) 1028 (16%)

Demographics
Age (years) North America 64.5 62.7 58.7 54.2 <0.0001

Eur/ANZ 64.3 65.3 62.7 59.1 <0.0001
Japan 66.3 64.2 60.5 56.5 <0.0001

Sex (male, %) North America 45 52 63 80 <0.0001
Eur/ANZ 53 52 59 70 <0.0001
Japan 58 56 61 69 <0.0001

Vintage (years) North America 1.9 2.3 2.4 3.7 <0.0001
Eur/ANZ 2.2 3.8 3.7 5.1 <0.0001
Japan 1.8 4.1 7.0 10.7 <0.0001

Target weight (kg) North America 67.6 72.1 79.8 97.3 <0.0001
Eur/ANZ 65.4 64.6 68.7 77.4 <0.0001
Japan 50.7 51.3 52.8 55.6 <0.0001

Comorbidities
Diabetes (%) North America 47 52 53 58 <0.0001

Eur/ANZ 28 26 29 34 <0.0001
Japan 41 43 31 21 0.13

Hypertension (%) North America 85 87 86 89 0.08
Eur/ANZ 79 78 78 82 <0.0001
Japan 75 71 67 56 0.04

Coronary artery disease (%) North America 54 57 54 58 0.79
Eur/ANZ 39 38 42 51 0.92
Japan 27 31 29 25 0.83

Congestive heart failure (%) North America 45 48 46 47 0.31
Eur/ANZ 27 27 33 36 <0.0001
Japan 26 23 17 13 0.36

Labs
Hemoglobin (g/dL) North America 10.7 10.9 11.0 11.6 <0.0001

Eur/ANZ 10.5 11.2 11.2 11.5 <0.0001
Japan 9.4 10.0 9.9 10.3 <0.0001

Albumin (g/dL) North America 3.6 3.6 3.6 3.8 <0.0001
Eur/ANZ 3.6 3.7 3.7 3.8 <0.0001
Japan 3.6 3.7 3.8 3.9 <0.0001

Dialysis treatment
Catheter use (%) North America 42 39 42 29 <0.0001

Eur/ANZ 31 20 23 14 <0.0001
Japan 9 2 1 0 <0.0001

Blood flow (mL/min) North America 363.4 383.9 384.1 414.0 <0.0001
Eur/ANZ 273.1 307.4 301.9 308.6 <0.0001
Japan 173.2 192.3 193.9 203.5 <0.0001

High-flux dialyzer useb (%) North America 55 55 50 66 0.01
Eur/ANZ 33 39 39 51 <0.0001
Japan 62 74 73 76 <0.0001

aTest of trend adjusted for country and phase and accounted for facility clustering.
bHigh flux percent calculated after excluding those with missing flux information (22%).
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DOPPS (1996–2008). TT prescription varied across
countries, with the longest average TT in ANZ (255 ± 41
min) and the shortest in the USA (212 ± 32 min). These
large differences must be interpreted along with consider-
ation of other clinical practices, such as the use of high-
flux dialyzers and delivered dialysis dose (which were
both higher in North America). Overall, prescribed TT in-
creased over the study period. The mean TT reported for
US DOPPS participants is consistent with those recently
reported by two large US dialysis organizations [10, 11].
The trend toward longer TT we observed in the USAwas
also reported by a US dialysis organization between 1996

and 2008 [10]. However, the increase in TT over time in
both our study (from 208 ± 32 to 221 ± 31 min) and that
publication (from 201 ± 61 to 213 ± 59 min) was rela-
tively small and may not have had an impact on clinical
outcomes. In fact, among US DOPPS participants in
2005–08, only 12% had a TT >250 min, while 23% were
dialyzed for <200 min.
In the present study, patients with longer TT had lower

risk of all-cause and cardiovascular mortality. A new in-
teresting finding is the strong association between longer

Fig. 3. Association between prescribed TT (per 30 min longer) and
risks of mortality and hospitalization. Adjusted model: adjusted for age,
sex, race, time on dialysis, BMI, 13 summary comorbid conditions,
residual kidney function, prescribed blood flow rate and catheter use,
stratified by country and phase of study and accounted for facility
clustering. CHF, congestive heart failure.

Table 2. Associations between prescribed TT categories and risk of mortality/hospitalizationa

Categorical TT (standard regression model)

180 min 210 min 240 min 270–300 min

All-cause mortality
Unadjustedb 1.30 (1.22–1.40) 1.18 (1.11–1.26) 1.00 (reference) 0.78 (0.71–0.85)
Adjustedc 1.16 (1.07–1.24) 1.06 (0.99–1.13) 1.00 (reference) 0.90 (0.83–0.98)

Cardiovascular death
Unadjustedb 1.29 (1.17–1.42) 1.18 (1.07–1.29) 1.00 (reference) 0.87 (0.77–0.98)
Adjustedc 1.18 (1.06–1.31) 1.06 (0.96–1.17) 1.00 (reference) 0.97 (0.86–1.10)

Sudden death
Unadjustedb 1.30 (1.13–1.49) 1.10 (0.96–1.26) 1.00 (reference) 0.76 (0.63–0.91)
Adjustedc 1.19 (1.02–1.38) 0.99 (0.86–1.14) 1.00 (reference) 0.84 (0.70–1.01)

Any hospitalization
Unadjustedb 1.14 (1.08–1.20) 1.01 (0.96–1.06) 1.00 (reference) 0.93 (0.89–0.98)
Adjustedc 1.10 (1.04–1.16) 1.00 (0.94–1.05) 1.00 (reference) 0.99 (0.94–1.05)

Cardiovascular hospitalization
Unadjustedb 1.08 (1.01–1.16) 1.05 (0.98–1.13) 1.00 (reference) 0.99 (0.92–1.07)
Adjustedc 1.07 (1.00–1.15) 1.04 (0.97–1.11) 1.00 (reference) 1.01 (0.93–1.10)

Hospitalization due to CHF or fluid overload
Unadjustedb 1.26 (1.11–1.43) 1.12 (0.99–1.27) 1.00 (reference) 0.92 (0.79–1.08)
Adjustedc 1.24 (1.09–1.42) 1.10 (0.97–1.24) 1.00 (reference) 0.94 (0.80–1.11)

aHRs (95% CI) shown for each outcome. CHF, congestive heart failure.
bModel stratified by country and study phase and accounted for facility clustering.
cModel stratified by country and study phase, adjusted for age, sex, race, time on dialysis, BMI, 13 summary comorbid conditions, residual kidney
function, prescribed blood flow rate and catheter use and accounted for facility clustering.

Fig. 4. Association between prescribed TT and mortality by region.
Interaction between TT and region (P < 0.0001). Longer TT was associated
with lower mortality in Eur/ANZ [HR= 0.94 (95% CI: 0.91–0.97) per 30
min TT, P = 0.0002] and Japan [HR = 0.75 (95% CI: 0.69–0.81), P <
0.0001] but not in North America [HR = 0.98 (95% CI: 0.95–1.02), P =
0.28]. Model was adjusted for age, sex, race, time on dialysis, BMI, 13
summary comorbid conditions, residual kidney function, prescribed blood
flow rate and catheter use, stratified by study phase and accounted for
facility clustering. The chosen reference category was for North American
patients with prescribed TTat 240 min.
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TT and lower risk of sudden death, which remained after
adjusting for patient comorbidities (like diabetes and atrial
fibrillation) that are risk factors for sudden death [27]. It is
likely that the smaller plasma dialyzate electrolyte gradi-
ents, less dramatic volume shifts and less sympathetic hy-
peractivity during longer dialysis sessions may contribute
to the lower risk of sudden death.
Patients treated with frequent HD may experience lower

mortality [5]. The National Cooperative Dialysis Study is
the only randomized controlled trial conducted among
patients on three times per week HD that assessed the
impact of TT on outcomes. Despite a trend toward higher
hospitalization risk observed in the short TT arm, no
effect of TT on mortality was found [28]. However, the
trial was terminated early and thus did not test effect of
TT on mortality. Two cohort studies from the early 1990s
also failed to find any association between TT and mor-
tality [29, 30]. It is likely that other clinical practices (e.g.
dialyzer type) in use at the time these studies were con-
ducted were different than current practices; their findings
may not be applicable to the current HD population.
Several observational studies have reported higher mor-
tality risk for patients receiving shorter TT [6–11]. Our
findings also indicate a higher mortality risk, especially
sudden death, among DOPPS participants receiving
shorter TT; these findings were confirmed in instrumental
variable analyses based on the premise that patients are
‘assigned’ to dialysis facilities that prescribe different TTs
on average. While Table 1 shows that patients prescribed
a longer TT are generally healthier overall, the instrumen-
tal variable analysis results reduce the biases resulting
from unmeasured patient-level confounding and still show
a significant survival benefit of longer TT.
As reported in a prior DOPPS analysis [8], the associ-

ation of TT with mortality differed across geographicT
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Fig. 5. Association between 30 min longer prescribed TT and
achievement of clinical targets. Clinical targets are based on the Kidney
Disease Outcomes Quality Initiative clinical practice guidelines for
cardiovascular disease in dialysis patients [24], bone metabolism and
disease in chronic kidney disease [25] and anemia [26]. Model adjusted
for age, sex, race, time on dialysis, BMI, 13 summary comorbid
conditions, residual kidney function, prescribed blood flow rate, catheter
use, country and study phase and accounted for facility clustering;
*model also adjusted for dialyzate K.
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region, being the strongest in Japan, intermediate in Eur/
ANZ and no longer significant in North America. This
finding is consistent with a recent analysis of US HD
patients that reported no improved survival for patients
with TT >4 h [10]. Since TT >4 h is relatively uncommon
in North America, we conducted a sensitivity analysis
among patients with TT ≤4 h and found very consistent
results (overall findings and regional differences). Our
sensitivity analyses indicate that the variability in the
association of TT with mortality across regions is not ex-
plained by differences in blood flow or vascular access
and suggest that other factors may play a role. Other
differences that may vary across regions and impact the
association of TT with mortality potentially include both
patient characteristics and dialysis practices, and
additional study is warranted.

Better control of anemia, blood pressure, fluid overload
and phosphorus levels as well as improved nutrition, left
ventricular function and quality of life have been reported
in small cohorts of patients receiving daily in-center and
long nightly dialysis [2–4]. Improved blood pressure and
phosphorus control decreases in left ventricular mass
and improvement in physical health were recently re-
ported among Frequent Hemodialysis Network partici-
pants randomized to frequent dialysis [5].

Our study demonstrates an association between longer
TT and better intermediate outcomes (with ‘better’ refer-
ring to generally accepted clinical targets). Longer dialysis
sessions provide greater clearance of both small and
larger molecules [31]. Greater clearance may, for
example, improve inflammatory status as indicated by the
lower WBC count. This may, in turn, improve anemia
control and lower EPO requirements. Finally, the longer
dialysis sessions allow for slower ultrafiltration rates and
tolerance of greater fluid removal, leading to improved
control of hypertension [32, 33]. This is indicated in in-
strumental variable analyses where longer TT was associ-
ated with lower SBP levels both before and after dialysis
as well as with better achievement of current clinical
guidelines for BP control [34]. In support of this finding,
longer TT was also associated with lower risk of hospital
admission for fluid overload or congestive heart failure,
presumably due to volume overload. These data confirm
the findings of improved volume control with the change
to longer TT in a study of 17 patients published in the
1980s [35].

Overall, it is reasonable to postulate that the improve-
ment of one or more of these clinical markers may con-
tribute to better survival for patients receiving longer
dialysis sessions. To our knowledge, our results provide
support indicating that several pathophysiological mech-
anisms may link longer TT with longer survival and fewer
hospitalizations.

A strength of the current study is that it applies both
standard regression and instrumental variable approaches.
The latter uses the dialysis facility as an instrument to
lessen confounding by indication caused by unmeasured
patient-level confounders [14–17]. Both types of analyses
yielded generally corroborative associations between TT
and patient outcomes. Results of prior patient-based

studies may have been biased by differences between
patients receiving long versus short TT that may not have
been completely taken into account, despite extensive
model adjustments. For example, only more adherent
patients may be willing to undergo the longer sessions;
these patients are likely more adherent with medication
prescription and dietary restrictions and may survive
longer. On the other hand, patients who are sicker may be
prescribed longer dialysis sessions. The instrumental vari-
able methodology partially addresses this issue and is
being applied to several fields of medical research [18,
36–40].
The established DOPPS infrastructure and representa-

tive sampling approach across 12 countries represents
another strength, while raising regional differences in the
association of TTwith survival as a topic for further study.
The extensive DOPPS data set allowed us to describe the
association between delivered TT with outcomes, yielding
very similar results as the prescribed TT analyses.
The limitations of the study are related to its observa-

tional design. Despite the extensive adjustments and the
use of an instrumental variable approach, the potential for
residual confounders remain and our results do not prove
a causal effect between longer TT and better clinical
outcomes.
Facilities delivering longer dialysis sessions may face

higher costs [41], and shortening dialysis treatments may
be associated with cost savings in certain payment
environments [42]. The current US Centers for Medicare
& Medicaid Services clinical performance measures and
the planned Quality Incentive Program are based on deliv-
ered dialysis dose rather than TT [43]. Therefore, the
pressures that dialysis providers in the USAwill be facing
with the implementation of the bundled ESRD prospec-
tive payment system [44] may incentivize shorter dialysis
sessions as long as adequate urea clearance is provided.
These incentives contrast with other countries, such as the
Japanese reimbursement structure that favors at least 4 h
of TT in all but the sickest patients and the German Qua-
litaetssicherungs-Richtlinie Dialyse that bases reimburse-
ment, in part, on achieved TT of at least 4 h [45]. Of note,
TT in Germany has risen dramatically as this financial in-
centive has been implemented (W. Kleophas, personal
communication).
In the absence of randomized controlled clinical trials,

we encourage health care providers to take into account
findings from observational studies as well as supportive
principles of dialysis, when making decisions regarding
the duration of dialysis sessions. Similarly, policy makers
and developers of quality measures worldwide may con-
sider the current evidence about the duration of dialysis
session when creating policies or guidelines that may
affect TT.
In summary, our study confirms generally favorable

clinical outcomes with longer TT and demonstrates
associations of longer TT with better anemia, phosphorus
and blood pressure control indicating possible mechan-
isms for improved clinical outcomes. These findings
support longer TT prescription in the setting of three
times per week HD.
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Abstract
Background. Previous studies have shown that it is poss-
ible for patient experience to be influenced by factors that
are not attributable to health-care. Therefore, if patient
experience is to be used as an accurate indicator of clini-
cal performance, then it is important to understand its
determinants.
Methods. We used data from 840 dialysis patients
who completed a validated patient experience survey. We
created a potential theoretical framework based on avail-
able clinical knowledge to hypothesize the relationships
between 13 demographic, socio-economic and health
status factors and three outcome measures: global rating
of the dialysis centre and the patient experience with the
nephrologist’s and nurses’ care. The theoretical frame-
work guided the selection of confounding variables for
each determinant, which were then entered as terms in
multivariable linear regression models.
Results. Patients who were of older age, of non-European
decent, and who had a lower educational level, lower

albumin level, with better self-rated health and who were
without co-morbidities reported higher global ratings with
the dialysis centre than their counterparts. Past myocardial
infarction and better self-rated health were found to be de-
terminants of a more positive experience while in the ne-
phrologist’s care. A more positive experience with nurses’
care was associated with factors including older age,
Dutch origin background, lower educational level, lower
albumin levels and better self-rated health.
Conclusions. Several characteristics of dialysis patients
influence the way they rate and experience their care. When
using the patient experience and ratings as indicators of
clinical performance, they should be adjusted for such
factors as identified in our study. This will facilitate a mean-
ingful comparison of dialysis centres, and enable informed
decision making by patients, insurers and policy makers.

Keywords: case-mix adjustment; health-care outcome assessment;
health-care quality indicators; patient satisfaction; renal dialysis
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