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Avoiding excessive dialysis-associated volume depletion
may help preserve residual kidney function (RKF). To
establish whether knowledge of the estimated normally
hydrated weight from bioimpedance measurements (BI-
NHW) when setting the post-hemodialysis target weight
(TW) might mitigate rate of loss of RKF, we undertook an
open label, randomized controlled trial in incident patients
receiving HD, with clinicians and patients blinded to
bioimpedance readings in controls. A total of 439 patients
with over 500 ml urine/day or residual GFR exceeding 3 ml/
min/1.73m2 were recruited from 34 United Kingdom
centers and randomized 1:1, stratified by center. Fluid
assessments were made for up to 24 months using a
standardized proforma in both groups, supplemented by
availability of BI-NHW in the intervention group. Primary
outcome was time to anuria, analyzed using competing-
risk survival models adjusted for baseline characteristics,
by intention to treat. Secondary outcomes included rate of
RKF decline (mean urea and creatinine clearance), blood
pressure and patient-reported outcomes. There were no
group differences in cause-specific hazard rates of anuria
(0.751; 95% confidence interval (0.459, 1.229)) or sub-
distribution hazard rates (0.742 (0.453, 1.215)). RKF decline
was markedly slower than anticipated, pooled linear rates
in year 1: –0.178 (–0.196, –0.159)), year 2: –0.061
(–0.086, –0.036)) ml/min/1.73m2/month. Blood pressure
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and patient-reported outcomes did not differ by group.
The mean difference agreement between TW and BI-NHW
was similar for both groups, Bioimpedance: –0.04 kg;
Control: –0.25 kg. Thus, use of a standardized clinical
protocol for fluid assessment when setting TW is
associated with excellent preservation of RKF. Hence,
bioimpedance measurements are not necessary to
achieve this.
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M ost people starting dialysis have significant residual
kidney function (RKF), and observational studies
have consistently found that if this is preserved, it is

associated with better survival and improved quality of life.1–3

Despite this, there are few trials of interventions that might
improve the preservation of RKF in hemodialysis (HD) pa-
tients, and where these have been undertaken, they are typi-
cally of fewer than 50 participants.4–6 There is also plenty of
evidence of inconsistency in the design and application of
dialysis unit protocols to guide fluid management. This
inconsistency was evident in a UK-wide survey of practices
undertaken in preparation for the design of this study, where
50% of units claimed to use volume control to reduce depen-
dence on antihypertensive medication.7 The Dialysis
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Lay Summary

Patients on hemodialysis benefit from keeping some of
their own kidney function for as long as possible after
starting dialysis. Removing too much fluid during dial-
ysis, by setting a low target weight for the end of a
dialysis session, could accelerate its rate of loss. We
wanted to see how this could be affected by developing
a standardized protocol for assessing fluid status in
people new to dialysis and whether device called bio-
impedance, which calculates the target weight inde-
pendently, was better at guiding clinicians in avoiding
setting target weights too low. A total of 437 people
from 34 dialysis centers across the UK took part in the
randomized trial for up to 2 years. Using bioimpedance
did not result in better outcomes as clinicians were just
as good in setting the target weight whether or not they
used the device. We expected that approximately 25%
would lose their own kidney function after 1 year. We
found that this was much lower in both groups, such
that <25% lost their kidney function by 2 years. There
was good evidence that clinical staff engaged with pa-
tients’ views when deciding whether to change the
target weight. Safety, transplantation rates, and numbers
of deaths were not affected. Bioimpedance does not
improve on setting the target weight in the context
of a standardized approach to fluid management.
Applying a strategy that avoids excessive fluid removal is
associated with better-than-expected preservation of
kidney function.

c l i n i ca l t r i a l SJ Davies et al.: Residual kidney function in HD: the BISTRO trial
Outcomes and Practice Patterns Study also found consider-
able variation in practices related to fluid management and
that a protocol specifying the frequency of assessment was
associated with better outcomes.8

Bioimpedance (BI) is frequently used in HD units to
monitor fluid status and body composition. There is evidence
that overhydration and loss of lean tissue mass, measured using
BI, are associated with shorter survival9–12 over and above
other factors such as demography, comorbidity, inflammation,
and blood pressure.What is less clear is whether BI has a role to
play in guiding the adjustment of the postdialysis target weight
(TW) when managing fluid status in HD. For example,
reducing overhydration might help in controlling blood
pressure but may risk intravascular volume depletion, putting
RKF at risk.13 In making recommendations for the use of BI,
the National Institute for Health and Care Excellence in the UK
considered that there was insufficient evidence to recommend
its routine application.14 This led the Health Technology
Assessment Programme of the UK National Institute of Health
and Care Research to develop a competitive funding call to
evaluate the use of BI in guiding fluid management, including
its cost-effectiveness, and, after wide consultation, the specified
outcome of interest was RKF.15

One of the potential risks of accelerated loss of RKF in HD
is the 3-times-weekly removal of fluid, which has the
2

potential to cause circulatory volume depletion, reduced
native kidney perfusion, and ensuing kidney damage.16 In
responding to the Health Technology Assessment call, we
hypothesized that avoiding setting the TW below the esti-
mated normally hydrated weight from BI (BI-NHW) where
possible might limit the damage caused by excessive volume
depletion, so helping to preserve RKF. To establish whether
this use of the BI-NHW was associated with a lower rate of
loss of RKF, we designed a pragmatic randomized controlled
trial in which clinicians setting the TW were blinded to the BI
data in the control group. We recognized that the imposition
of a protocol that defines the timing of fluid assessments and
includes the measurement of RKF and the use of a proforma
to capture the assessment in detail is likely to modify standard
practice. However, given that dialysis fluid assessments are an
example of complex decision-making that should include
patient preferences, this was felt to be essential. Here we
report on the main findings of the trial, including an analysis
of the integrity of the intervention.

METHODS
Trial design and participants
The trial protocol was published before the recruitment of partici-
pants.17 Briefly, this was an open-label, longitudinal, randomized
(1:1), multicenter UK-wide pragmatic trial of incident HD patients
adopted onto the National Institute of Health and Care Research
Clinical Research Portfolio (CPMS31766). Potential participants
were adult HD patients within 3 months of commencing HD,
identified using local processes and screened for eligibility. Inclusion
criteria were broad but required evidence of RKF, defined as >500
ml of urine volume per day or a measured glomerular filtration rate
(GFR) >3 ml/min per 1.73 m2. Exclusion criteria were the inability
to give consent or collect urine for RKF estimations and either high
risk of death or expected transplantation within 6 months. Serious
adverse events were monitored throughout the trial and categorized
according to the Common Terminology Criteria for Adverse Events.
The trial was sponsored by Keele University, UK, and registered
before participant enrollment (ISCCTN number: 11342007). Study
governance included independent steering and data monitoring
committees and a patient-led (DC) advisory group, all receiving
regular reports. The study had UK Integrated Research Ethics
approval (206213), and all participants gave their written consent.

Intervention
Clinicians—doctors or nurses—whose usual role was to assess fluid
status were trained in the use of the fluid assessment proforma (see
Supplementary Slide Deck 1 in the Supplementary Material and
protocol17) and asked to set the postdialysis TW so as to avoid
excessive volume depletion, where possible. For the patients ran-
domized to the intervention arm, the BI-NHW could be used in
addition to clinical judgment. For patients in the control arm, the
TW was set using clinical judgment only.

To achieve blinding, BI measurements (see below) were taken
independently by research nurses in both groups, but the BI-NHW
measurements were transferred to the proforma for patients in the
intervention only. Otherwise, the proformas were identical. Protocol
fluid assessments were made monthly for 3 months and then 3-
monthly for up to the maximum follow-up period of 2 years, with
scope for additional assessments if clinically required.
Kidney International (2023) -, -–-



Figure 1 | CONSORT diagram. *Trial subjects did not have to give a reason for withdrawing from the study. HD, hemodialysis.

SJ Davies et al.: Residual kidney function in HD: the BISTRO trial c l i n i ca l t r i a l
Bioimpedance
The trial funder specified an open approach to selection of the BI
device. In an independent selection process, overseen by Kidney
Research UK, 4 of 6 invited BI manufacturers submitted proposals
that were judged according to their technical specification, patient
interface, evidence base, ability to support the trial, and value for
money. The Fresenius BCM was the clear preference. All centers were
given formal training in the use of the BCM, repeated if necessary
due to the change in personnel (see Supplementary Slide Deck 2 in
the Supplementary Material). The BCM generates the BI-NHW by
modeling what the weight would be if the tissues (muscle, fat, and
interstitium) were normally hydrated.18 Readings were taken #1
week before fluid assessments by an independent observer. Full BI
data sets were downloaded onto unit computers, and throughout the
trial, EJL and DK undertook regular blinded quality control assess-
ments of submitted readings.

Outcomes
The main outcome of interest was RKF, assessed every 2 months and
measured both as time to anuria (designated the primary outcome
Kidney International (2023) -, -–-
and defined as #100 ml/d or #200 ml of urine volume in the short
interdialytic period, confirmed with a follow-up measure at 2 weeks)
and as the rate of decline in measured GFR. The latter was calculated
from an interdialytic urine collection and pre- and post-dialysate
blood samples as the mean of the urea and creatinine clearances
adjusted for body surface area using a “GFR calculator” (see
Supplementary Slide Deck 3 in the Supplementary Material). Vali-
dation and audit of this approach, which enabled calculation when
some of the blood samples were missing, have been published
elsewhere.19 Secondary outcomes included pre- and postdialysis
blood pressure at the time of fluid assessment and patient-reported
outcomes, of which those reported here include a generic health-
related quality-of-life question: “how good is your health today?”
(EQ-5D-5L visual analog scale: 0–100, rating worst to best health)20

and dialysis-related symptoms (Integrated Palliative Care Outcome
Scale-renal),21 collected every 3 months.

Sample size
This was based on the primary outcome, time to anuria. We esti-
mated, from published cohort studies22–26 and data from one large
3



Table 1 | Baseline characteristics of the bioimpedance and control groups at randomization

Characteristic
Bioimpedance
(n [ 222)

Control
(n [ 213)a

Sex; male/female (% male) 157/65 (70.7) 149/63 (69.3)
HD modality: HD/HDF, n (%) 149 (67.1)/73 (32.9) 146 (68.5)/67 (31.5)
Age, yr, mean (SD) 60.06 (14.3) 62.7 (13.7)
Ethnicities, n (%)

White 174 (78.4) 173 (81.2)
Black/Black British 6 (0.3) 0 (0)
Asian/Asian British 7 (0.3) 2 (0.4)
Other 35 (15.8) 38 (17.8)

Planned/unplanned start, n (%) 180 (81.1)/42 (18.9) 184 (86.4)/29 (13.6)
Access: fistula/graft/line, n (%) 115 (51.8)/4

(1.8)/103 (46.4)
116 (54.5)/3
(1.4)/94 (44.1)

Years since primary diagnosis, median (IQR) 4.3 (1.1–10.3) 3.1 (0.6–7.4)
Comorbidities, n (%)

Malignancy 14 (6.3) 14 (6.6)
Ischemic heart disease 41 (18.4) 47 (22.1)
Peripheral vascular disease 19 (8.5) 33 (15.3)
Left ventricular dysfunction 31 (14.0) 25 (11.2)
Diabetes mellitus 107 (48.2) 91 (42.3)
Systemic collagen vascular disease 6 (2.7) 7 (3.3)

Comorbidity score, median (IQR) 1 (0–2) 1 (0–2)
Predialysis weight, kg, mean (SD) 86.9 (23.1) 82.7 (20.2)
Postdialysis weight, kg, mean (SD) 85.8 (22.7) 81.7 (20)
Normally hydrated weight, kg, mean (SD) 84.6 (23.2) 80.7 (20.2)
Predialysis blood pressure, mean (SD)

Systolic 150.2 (23.3) 148.9 (22.9)
Diastolic 76.7 (14.3) 75.3 (15.4)

Postdialysis blood pressure, mean (SD)
Systolic 148.2 (33.4) 146.9 (24.0)
Diastolic 75.7 (13.3) 75.9 (15.0)

Number (%) on diuretics 115 (51.8) 111 (51.6)
Number (%) on RAAS inhibition 61 (27.4) 49 (22.7)
Number (%) on calcium antagonists 103 (46.4) 117 (52)
Measured GFR, ml/min per 1.73 m2, mean (SD) 5.03 (3.05) 4.44 (2.55)

GFR, glomerular filtration rate; HD, hemodialysis; HDF, hemodiafiltration; IQR, interquartile range; RAAS, renin angiotensin aldosterone system.
aTwo of the 215 patients in the control groups did not have baseline data.

c l i n i ca l t r i a l SJ Davies et al.: Residual kidney function in HD: the BISTRO trial
UK dialysis center, n ¼ 615, that 30% (range: 25%–67%) of incident
patients would be anuric by 10 months and that a clinically signif-
icant benefit would reduce this to 20%. Assuming 11% competing
risks (death and transplantation data extrapolated from the 2013 UK
Renal Registry report), an exponential decline in RKF, and propor-
tional hazards, a total of 185 events (anuria) were required to have
90% power with 5% two-tailed significance to detect a hazard ratio
(HR) of 0.62. This in turn required 516 patients to be randomized
1:1, allowing for a 5% loss to follow-up. We initially planned that all
patients would have 12 months of follow-up, with approximately
50% having longer follow-up, up to a maximum of 2 years. However,
to compensate for under-recruitment, follow-up was extended to 2
years for >90% of participants.

Randomization
Randomization was 1:1, stratified by center, using random permuted
blocks of varying sizes from 2 to 8. Concealed allocation was via a
secure centralized web-based, automated computer-generated
randomization system provided by Keele University Clinical Trials
Unit during office hours.

Statistical methods
The trial statistical analysis plan was signed off before study comple-
tion. Analyses were conducted on an intention-to-treat basis. Cox
4

regression models were used to estimate cause-specific hazard func-
tions, and competing-risks (i.e., death and transplantation) survival
analysis to estimate subdistribution hazard functions of anuria,
transplantation, and death. The parameters of interest were the cause-
specific HR of anuria and the subdistribution HR of anuria (primary
analysis), comparing the corresponding hazard rates of anuria between
arms. Patients undergoing modality change or recovery of kidney
function were censored at the point of treatment switch. The analysis
was adjusted for baseline covariates likely affecting RKF, that is, age,
race, self-reported biological sex, comorbidities (separately or using a
validated scoring system), use of renin angiotensin aldosterone system
blockade, calcium antagonists, and diuretics. The difference between
groups in the rate of decline in RKF was analyzed using a random-
effects segmented regression model to estimate the rate of change in
GFR in each arm for years 1 and 2, with adjustment for baseline
characteristics, as for the primary outcome variable. Blood pressure
and patient-reported outcomes are reported using mean and SD or
median and interquartile range for continuous variables and fre-
quencies and percentages for categorical variables. To assess the
integrity of the intervention, the difference between theTWand the BI-
NHWwasmodeled for eachfluid assessment using amultilevelmixed-
effects model with multiple measurements from each individual
nested within the 34 dialysis centers. Explanatory variables included
randomization group, age, sex, comorbidity, and urine volume.
Kidney International (2023) -, -–-



Figure 2 | Cumulative incidence of anuria and the competing events, death, and transplantation (bioimpedance intervention group:
dotted line; control group: solid line).

Table 2 | Subdistribution (fine and gray) and cause-specific
HRs for anuria, adjusted for prespecified baseline patient
characteristics

Variable in the model
Cause-specific,
HR (95% CI)

Subdistribution,
HR (95% CI)

Bioimpedance (ref: control) 0.751 (0.459, 1.229) 0.742 (0.453, 1.215)
Age 0.987 (0.971, 1.005) 0.993 (0.977, 1.009)
Sex (ref: male) 1.239 (0.745, 2.063) 1.212 (0.741, 1.983)
Start (ref: planned) 1.282 (0.675, 2.436) 1.385 (0.709, 2.705)
Stoke Comorbidity Score 0.821 (0.645, 1.044) 0.852 (0.664, 1.093)
Ethnicity (ref: Asian/Asian
British)
Black or Black British 0.301 (0.033, 2.733) 0.396 (0.052, 3.041)
Other 0.604 (0.198, 1.849) 0.623 (0.226, 1.71)
White 0.272 (0.094, 0.787) 0.287 (0.111, 0.749)

RAAS inhibition (ref: not) 1.288 (0.774, 2.144) 1.321 (0.794, 2.201)
Calcium antagonist (ref: not) 1.195 (0.725, 1.969) 1.211 (0.741, 1.978)
Diuretic use (ref: no) 1.421 (0.867, 2.331) 1.346 (0.813, 2.226)

HR, hazard ratio; RAAS, renin angiotensin aldosterone system; ref, reference category.

SJ Davies et al.: Residual kidney function in HD: the BISTRO trial c l i n i ca l t r i a l
RESULTS
The study flow is summarized in the CONSORT diagram
(Figure 1). Overall, 439 patients were recruited from 34 centers,
an under-recruitment despite extending the planned recruit-
ment period from 12 to 29 months (April 2017–October 2019),
eventually curtailed after discussions with the funder. This
slower-than-anticipated recruitment reflected logistical issues at
the sites and not reluctance to participate. To compensate for
under-recruitment, follow-up was extended to 2 years for
>90% of participants. Five and a half months after closing to
recruitment, the trial was interrupted by the COVID-19
pandemic, at which time all non-COVID–related clinical
research in the UKwas paused for 3months. During this period,
193 (6.7%) fluid assessments were not recorded and 276 (8.1%)
measurements of RKF were missed. Randomization led to well-
balanced study arms according to baseline demography, co-
morbidity, and other characteristics, as shown in Table 1.
Kidney International (2023) -, -–- 5



Figure 3 | Rate of decline in measured glomerular filtration rate (GFR; ml/min per 1.73 m2) in years 1 and 2, by randomized group
(upper panel) and pooled (lower panel).

c l i n i ca l t r i a l SJ Davies et al.: Residual kidney function in HD: the BISTRO trial
Main outcomes of interest—time to anuria and rate of loss of
residual kidney function
The primary outcome, hazard rate of anuria—adjusted for age,
sex, ethnicity, comorbidity score, planned versus unplanned
Table 3 | Rate of decline of residual kidney function (measured
effects linear regression

Year Bioimpedance

1 –0.182 (–0.206, –0.157)
2 –0.083 (–0.117, –0.049)

CI, confidence interval; GFR, glomerular filtration rate.

6

start and baseline use of calcium antagonists and renin angio-
tensin aldosterone system inhibition—did not differ signifi-
cantly between the BI group and the control group (P¼ 0.254),
with a cause-specific HR of 0.751 (95% confidence interval
GFR, ml/min per 1.73 m2 per month), modeled with mixed-

Slope estimates (95% CI)

Control Pooled

–0.173 (–0.199, –0.147) –0.178 (–0.196, –0.159)
–0.034 (–0.069, –0.001) –0.061 (–0.086, –0.036)

Kidney International (2023) -, -–-



Figure 4 | Longitudinal pre- and postdialysis systolic and diastolic blood pressures (BPs). Box plots displaying medians and interquartile
ranges. B, bioimpedance; BL, baseline; C, control; M, month.

SJ Davies et al.: Residual kidney function in HD: the BISTRO trial c l i n i ca l t r i a l
[CI]: 0.459, 1.229) and subdistribution HR of 0.742 (95% CI:
0.453, 1.215; see Figure 2; full details of the model are given in
Table 2). The corresponding unadjusted hazard rates also did
not differ significantly (P¼ 0.426), with a cause-specific HR of
0.829 (95%CI: 0.522, 1.316) and a subdistributionHR of 0.821
(95% CI: 0.519, 1.310). The corresponding unadjusted esti-
mates for the competing risks were 0.776 (95% CI: 0.387,
1.555) and 0.793 (95% CI: 0.396, 1.588) for death and 1.036
(95% CI: 0.626, 1.714) and 1.078 (95% CI: 0.653, 1.781) for
transplantation. Patients who withdrew from the study still
contributed to the competing risks analysis. In the adjusted
analysis, only 3 subjects in the control group (<1%) had
missing data, so imputationwas not used as this was unlikely to
affect the parameter estimates.

The main secondary outcome, rate of decline in RKF
(expressed as GFR), is shown in Figure 3 and Table 3. The
baseline GFR was a little higher in the BI group than in the
control group (5.03 vs. 4.44 ml/min per 1.73 m2), but the
gradient of the fall, whether adjusted or unadjusted, did not
differ between study groups. The calculated linear rate of
decline in RKF in the BI group for years 1 and 2 was –0.182
ml/min per 1.73 m2 per month and –0.083 ml/min per
1.73 m2 per month, respectively. The control group yielded
slopes of –0.173 ml/min per 1.73 m2 per month and –0.034
ml/min per 1.73 m2 per month for years 1 and 2, respectively.
Pooling treatment arms, the slopes were –0.178 ml/min per
1.73 m2 per month and –0.061 ml/min per 1.73 m2 per
month, respectively. The linear mixed-effects model applied
to GFR provided unbiased and efficient parameter estimates
under a missing-at-random mechanism. Although this
assumption is untestable, there were no apparent differential
patterns of dropouts by treatment arm, suggesting that this
assumption was plausible. Although the total percentage of
dropouts was moderate (approximately 30%), the longitudi-
nal analyses used all partial measurements efficiently.
Kidney International (2023) -, -–-
Other secondary outcomes—blood pressure and dialysis-
related symptoms
Mean blood pressure before and after dialysis at baseline and
at each time point of the study follow-up did not differ be-
tween groups (Figure 4). There was a modest increase in the
EQ-visual analog scale median rating at month 3, but
otherwise this was unchanged throughout. Symptoms during
dialysis including cramps, dizziness, palpitations, low blood
pressure related, and shortness of breath were relatively un-
common and did not differ between groups (Table 4). The
dialysis recovery time (see Figure 5) was quite variable and
tended to worsen as the trial progressed, but again did not
differ between groups.

Integrity of the intervention
It was important to determine how effective clinicians were in
setting the TW in both the BI group and the control group. Of
the total 2675 fluid assessments undertaken, complete data
sets were available in 2501, 169 more in the BI group
(n ¼ 1335) than in controls (n ¼ 1166), reflecting additional
measurements as allowed in the protocol. The mean differ-
ence between the TW and the BI-NHW was minimal, BI:
–0.038 kg (SD 2.7); control: –0.25 kg (SD 2.6). Furthermore,
in both groups where decisions were made to increase or
decrease the TW, patients were typically 1.6 kg below or 2.0 kg
above their TW in the BI group and 1.4 kg below or 0.9 kg
above TW in the control group (see Supplementary Table S1).
There were no between-group longitudinal differences in
either the TW – (BI-NHW), the TW and the actual post-
dialysis weight, or the intradialytic fluid removal (difference
between pre- and postdialysis weight; see Supplementary
Figures S1–S3). A multilevel analysis of the difference be-
tween target and BI-NHW found no significant difference
between the study arms, with within-patient variance ac-
counting for 45.0% (95% CI: 40.2%, 50.7%) and within-
7
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center variance just 2.3% (95% CI: 0.5%, 5.3%) of the total
residual variance (see Table 5). Significant within-subject
factors included age, sex, and most recent urine volume.
Finally, the proforma requested documentation of patients’
preferences when deciding on changing the TW, and it is clear
that there was a high level of agreement between clinicians
and patients (Table 6).

Adverse events
Overall, there were 400 serious adverse events reported during
the course of the trial: 203 in the BI participants and 197 in
the control participants. These were dominated by admission
to hospital, 159 versus 150, respectively, with 27 events in
both groups considered life-changing and 15 deaths in the BI
group versus 17 in the control group (3 sudden deaths in each
group). There were 34 episodes of pulmonary edema, equally
distributed. For further details, see Supplementary Table S2.

DISCUSSION
Our trial found that adding the BI-derived BI-NHW to a
standardized fluid management protocol, in which clinicians
were asked to set a TW to avoid volume depletion, did not
result in better preservation of RKF. The reasons for this may
be several, but of notable importance are that RKF was much
better preserved than previous studies would suggest, and that
the estimation of the BI-NHW by clinicians was just as good
in the control group as in the BI-directed group. Given the
good preservation of RFK, it might be argued that Bio-
impedance Spectroscopy To maintain Renal Output
(BISTRO) provides important observational evidence that the
avoidance of excessive volume depletion is a safe approach to
fluid management in patients with RKF.

Despite the importance of preserved RKF to people on
dialysis, routine measurement is uncommon27 and there are
relatively few clinical trials of interventions that might lead to
its better preservation. In retrospect, when designing the trial,
we overestimated the rate of RKF loss despite the fact that
observational studies and trials published both before and
since would generally support our estimates. The Dialysis
Morbidity and Mortality Study, which collected follow-up
RKF between 8 and 18 months of dialysis initiation, docu-
mented that 69% of HD patients had become anuric.22 The
Netherlands Cooperative Study on the Adequacy of Dialysis
(NECOSAD) found that, in the incident HD cohort, GFR fell
from 6 to 2 ml/min per 1.73 m2 by 12 months, that is, �4 ml,
compared with a pooled reduction of �2.15 (95%
CI: �1.93, �2.36) observed in the first year of BISTRO, a
greater drop than we observed over the full 24 months.23 The
Frequent Hemodialysis Network also observed much more
rapid declines in urine volume and measured GFR. In the
nocturnal trial, 72% had RKF at baseline, and by 12 months,
albeit starting at a lower measured GFR (3.4 ml/min), 40% of
those on conventional dialysis were anuric, 70% in the
frequent nocturnal group. In the Daily Dialysis Trial, 50% of
those with RKF in the conventional group were anuric at 12
months.28 More recently the Dialysis Outcomes and Practice
Kidney International (2023) -, -–-



Figure 5 | Postdialysis recovery time by month. B, bioimpedance; C, control; M, month.
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Patterns Study (phase 5) collected self-reported urine volume
from HD patients. Of the 60% starting dialysis with a urine
volume of >500 ml (as in our trial), 20% had become anuric
by 10 months and 40% by 24 months.29 Much smaller trials,
included in a meta-analysis of the effects of hemodiafiltration
on the rate of RKF decline, reported faster annualized rates of
decline than we observed (typically >2.8 ml/min per 1.73
m2), but did not report time to anuria.4,5 In one trial inves-
tigating the effects of irbesartan on RKF in 82 prevalent HD
patients, GFR fell by 1.75 ml/min per 1.73 m2 over 1 year,
compared with the overall average annualized loss of 1.46 ml/
min per 1.73 m2 in BISTRO.30

Our reason for selecting time to anuria over the rate of
RKF decline as our primary outcome was the large impact
this has on patients, confirmed by our patient advisory group,
and its association with disproportionally worse outcomes in
NECOSAD. We were also influenced by the findings of the
balANZ trial, which studied the effects of a biocompatible
dialysis fluid on RKF in peritoneal dialysis patients.31 The
balANZ trial found a significant effect on time to anuria that
did not translate into a significant difference in the rate of
RKF decline. As with our trial, balANZ observed a faster rate
of RKF decline in the first 12 months compared with the
Table 5 | Multilevel mixed-effects model to determine factors
associated with the difference between the set target weight
and the BI derived normally hydrated weight (kg) for all fluid
assessments

Covariate Coefficient 95% CI P value

Bioimpedance (ref: control) 0.108 –0.282, 0.498 0.586
Age (per yr) 0.016 0.002, 0.030 0.030
Sex (ref: male) –0.577 –1.004, –0.150 0.008
Urine volume (per L) 0.030 0.016, 0.044 <0.001
Comorbidity score (per unit) 0.101 –0.080, 0.282 0.273
Study visit (in order) –0.016 –0.031, –0.0007 0.040

CI, confidence interval; ref, reference category.

Kidney International (2023) -, -–-
second, with mean values of �0.28 and �0.10 ml/min per
1.73 m2 per month in the control group and �0.22 and �0.09
in the intervention group, respectively. These are not slower
than the rates we observed in BISTRO: year 1: �0.178 and
year 2: �0.061 (see Table 3). Similar proportions developed
anuria: 13% over 2 years in balANZ compared with 16% in
BISTRO. Previously some, but not all, comparisons of the rate
of loss of RKF on HD and peritoneal dialysis have suggested
that this is faster for HD. BISTRO suggests that this gap can
be narrowed.

One possible explanation of the relatively low rate of
decline in RKF is the use in both groups of a protocol that
included routine fluid assessments, regular measurements of
RKF, and a standardized proforma that encouraged clinicians
to take a systematic approach when setting the TW. Clinicians
were trained to use this, and the close agreement between BI-
NHW and TW in both groups, combined with the analysis
showing almost no center-level variation in its application,
strongly suggests that this was applied consistently. There was
also excellent agreement in both study arms between the TW
and the actual postdialysis weight, indicating a high degree of
compliance when compared with other reports.32 As in many
medical activities, the use of a consistent approach prompted
by a checklist is likely to influence quality,33 and it is relevant
that having a fluid assessment protocol in place was associated
with better outcomes in the Dialysis Outcomes and Practice
Patterns Study study.8 It is likely that this structured approach
will be of benefit, given that setting the TW is a good example
of complex decision-making. Of note, our fluid assessment
proforma recognized that patients often have a clear prefer-
ence as to the setting of their TW, which should represent a
negotiation using a shared decision-making approach.34 In
prompting clinicians to report this preference, which was
done in two-thirds of the fluid assessments undertaken, it was
clear that in the large majority of cases, there was good
agreement between patient preferences and clinical decisions.
9



Table 6 | Relationship between patient preferences and the decision to change (increase or decrease) or not change the TW at
the fluid assessments

Randomization group Patient preference TW increased (%) No change in TW (%) TW decreased (%)

Bioimpedance Feels better at higher TW and wishes to increase 52.0 2.6 2.2
Feels OK at current TW not wanting to change 15.0 65.8 18.7
Feels better at lower TW wants to decrease 1.4 3.0 36.0
Preference not documented 31.6 28.5 43.0

Control Feels better at higher TW and wishes to increase 59.6 2.9 1.5
Feels OK at current TW not wanting to change 14.1 66.2 24.2
Feels better at lower TW wants to decrease 0.004 2.1 37.4
Preference not documented 25.0 28.8 36.9

TW, target weight.

c l i n i ca l t r i a l SJ Davies et al.: Residual kidney function in HD: the BISTRO trial
Most importantly, however, BISTRO provides reassuring
observational evidence that application of a treatment strategy
that avoids excessive volume depletion is associated with well-
preserved RKF and its benefits, for example, relatively low
interdialytic fluid gains and thus fewer requirements for high
ultrafiltration rates, which in excess are both associated with
worse outcomes.11,32,35 It also represents a clear change in the
strategy reported in our pretrial survey of fluid management
practices in UK dialysis units.7

Another explanation for the relatively low rate of RKF loss
could be the effect of selective enrollment of individuals into
clinical trials. We endeavored to make the inclusion criteria
pragmatic and inclusive so as to make our findings as
generalizable as possible. BISTRO recruited from almost half
of all UK centers, and, when compared with all new incident
patients commencing dialysis in 2019 reported to the UK
Renal Registry,36 they were only a little younger (62 vs. 64
years), with a similar but higher proportion of White (79%
vs. 75%) and male subjects (70% vs. 64.5%), a higher pro-
portion of participants with diabetes (44% vs. 30.4%), and
very similar proportions of unplanned starts (16% vs. 16.4%).

Not surprisingly, given the lack of effect on RKF, there
were no differences by group in pre- and postdialysis blood
pressure readings or patient-reported outcomes. It is notable,
however, that symptoms associated with volume status were
relatively low when compared with other reports, and this
might reflect the good preservation of RKF.37 Interdialytic
fluid gains and need for fluid removal during dialysis were
modest. A more comprehensive analysis of quality of life is
currently underway as part of a full health economic assess-
ment that will be published separately.

Our trial has several limitations. We were not able to re-
cruit to the initial target within the funding period, and
despite a funded extension and our attempt to compensate
for this by extending the follow-up period, this did not make
up the number of required anuria events. However, it is also
clear that the under-recruitment was less important in
achieving sufficient event numbers than the lower-than-
anticipated decline in RKF. In fact, a significantly larger trial
would be required to demonstrate a benefit from using BI-
NHW given the negligible difference in the setting of the
TW between the study groups. This observation reflects a
growing number of trials that have been unable to demon-
strate the benefit of technologies, including BI14,38,39 and lung
10
ultrasound,40 in directing the management of fluid status.
This is especially the case in participants with RKF.41–43 Un-
fortunately, our trial was interrupted by COVID, which led to
some loss of data collection and fluid assessments (<10%). It
is a testimony to the engagement of our trial sites and
management team that the trial did not have to be stopped
completely and all the primary outcome data were collected.
Finally, it should be noted that there was a significant dropout
rate in the trial.

In conclusion, BI does not add value to fluid assessments
designed to preserve RKF in incident HD patients, and TW
set using a standardized clinical approach to setting the TW
agreed closely with the BI estimates of the BI-NHW. This
would suggest that a standardized approach to clinical fluid
assessment should be considered the basis of routine practice.
BISTRO provides clear evidence that preservation of RKF can
be achieved over a significant period of time in incident HD
patients, and we have validated a simpler method of esti-
mating this from routine blood and urine collections.19

Further studies of interventions designed to preserve RKF
are now needed, and BISTRO provides valuable information
that will inform their design.
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