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Abstract
Background

Many dialysis centres have no formal program for assessing and adjusting
post-haemodialysis (HD) target weight. Apart from clinical assessment, there
are bioimpedance devices and natriuretic peptides which could potentially aid
clinical management. We wished to determine whether pre or post HD
bioimpedance assessment of extracellular water ECW), or N terminal probrain
natriuretic peptide (NT-proBNP) affected patient outcomes.

Methods

Multi-frequency bioimpedance assessments (MFBIA) were made pre and
post the midweek dialysis session along with post dialysis NT-proBNP
measurement.

Results

Data from 362 patients, median age of 63 (50-76) years, 59.7% male,
41.2% Caucasoid, with a median dialysis vintage of 31.4 (13.5-61.7) months were
available for review. During a median follow up of 49.6(21.9-50.2) months there
were 110 (30.4%) deaths. Patients who died had significant increased ECW, as %
overhydrated both pre 6.6 (5.8-7.6)% vs survivors 5.1 (4-6.6)%, and post HD 5.1
(4-6.6)% vs 0.5 (-1-2.2.0, p<0.001, respectively, and higher NT-proBNP (325
(122-791) vs 102 (48-342) pmol/l, p=0.002. Using an adjusted Cox model only
pre-HD ECW over-hydration remained an independent factor associated with
mortality (% over hydration: hazard ratio 1.15, 95% limits 1.03-1.28, p=0.013),

with a receiver operator curve (ROC) value of 0.7.
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Summary

ECW excess is associated with increased mortality for HD patients, with
the strongest association being with ECW excess pre dialysis, although these
patients also had increased ECW post-dialysis. Future frials are required to
determine whether achieving euvolaemia as determined by bioimpedance

improves patient survival.
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Introduction

Despite the advances in haemodialysis technology over the last 50 years
[1], and widespread use with more than 2 million patients now receiving
treatment world-wide, survival has not equally improved. In the UK, the
expected lifespan for patients starting dialysis aged 40 to 49 years of age is
approximately 10 years and 5 years for those aged 60 to 69 years of age [2]
Not only are these substantially worse than those for the general population [3],
but also worse than for some of the more common solid organ malignancies [4].

Prospective multicentre randomised controlled trials have failed to
demonstrate that increasing small solute clearances (urea) [5], or increasing
membrane flux have improved survival [6]. Solute clearance is only one part of
the dialysis prescription, as dialysis should also restore hydration status and
sodium balance. Patients who are consistently more than 2 kg above their post-
dialysis target weight are at increased risk for mortality [7]. In most centres
determining volume status and the post dialysis target weight depends upon
physical examination and blood pressure review [8]. More recently the
introduction of bioimpedance techniques [9] as established that many
haemodialysis patients are chronically volume overloaded, and that volume
overload is an independent risk factor for mortality [10]. Volume overload also
increases the release of natriuretic peptides from the heart, such as N terminal
probrain natriuretic peptide (NT-proBNP) [11]. Both bioimpedance measurements
of volume overload and plasma NT-proBNP have been reported to be associated

with increased risk of mortality for haemodialysis patients [10,12].
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As it is unclear as to whether the association between increased
mortality risk and volume overload is related to increased hydration status pre-
dialysis [10] or those who remain overhydrated post-dialysis [7], we reviewed
the outcomes of patients who had corresponding pre- and post-dialysis

bioimpedance measurements along with post dialysis NT-proBNP measurements.

Methods

We included all established adult dialysis outpatients who had
corresponding pre and post mid-week dialysis session bioimpedance
measurements recorded along with a post session NT-proBNP measurement
dialysing in our kidney dialysis centres January 2011-December 2011. Patients
who did not have an established target were excluded; including those who had
been discharged from hospital within the previous 90 days and patients who had
been established on dialysis for < 90 days. Patients who could not stand to be
weighed, and those with pacemakers were also excluded.

Patients used either Fresenius 4008H/5008 or BBraun Dialogue+®
dialysis machines with integrated blood pressure monitors (Fresenius Bad
Homburg, Germany and BBraun, Melsungen, Germany), polysulfone dialyzers
(Nipro Corporation, Osaka, Japan)[13], with ultrapure quality dialysis water and
we used single bolus low molecular weight heparin anticoagulation (Tinzaparin,
Leo Laboratories, Princes Risborough, UK) [14].

Blood pressure and dialysis session parameters were recorded in the

renal department password protected electronic data base, along with patient
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demographics and medical records. Patient co-morbidity was graded according to
the Stoke-Davies co-morbidity score [15].

Multi-frequency bio-electrical impedance assessments (MF-BIA) were
standardized by taking measurements pre and 20-30 minutes post-dialysis
session, using an eight-electrode MF-BIA device (Biospace In body 720, Seoul,
South Korea)[16,17]. Patients with pacemakers or implantable defibrillators and
amputees were excluded from study. Relative extracellular water volume (ECW)
excess termed extracellular water over hydration was estimated according to
the method recommended by the European Society for Parenteral and Enteral
Nutrition (ESPN) [18].

Serum biochemistry samples were analysed with a standard multi-channel
biochemical analyzer (Roche Integra, Roche diagnostics, Lewes, UK), using the
bromocresol green method for albumin determination, NT-proBNP was measured
by immunoassay (ECLTA Roche Diagnostics, GMBH, Mannhein, Germany), with an
inter assay coefficient of variation 1.3% [19], and a sensitive C reactive protein
assay (<0.5 mg/L) as used by the UK National Amyloid service[20], and p2
microglobulin measured by rate nephelometry (Image 800 analyser, Beckman
Coulter, High Wycombe, UK) [21]. Standard blood tests were taken after the
pre-dialysis bioimpedance measurement and prior to starting the midweek
dialysis session and NT-proBNP measured post dialysis prior to the post-dialysis

bioimpedance measurement.
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Statistical analysis

Data with a normal distribution was presented as mean +SD, while non-
normally distributed data was presented as median and interquartile range.
Student's T test and the Mann Whitney U test were used for intergroup
comparisons respectively, with correction for multiple testing as appropriate by
Bonferroni or Dunn’s correction respectively. For further analysis data which
was not normally distributed was log transformed as appropriate. Pearson's rank
correlation was performed for univariate analysis to select significant variables
and those with p<0.1 which were then entered into a multivariate Cox
proportional hazard model to examine hazard function of each variable. Pre and
post dialysis extracellular to total body water and percent over-hydration were
analysed in separate model due to high correlation among variables. The
predictive values of all significant variables were then compared by ROC curves
with AUC calculation. SPSS Statistics version 23 (University of Chicago, Illinois,
USA) was used for statistical analysis. A p-value <0.05 was taken as achieving

statistical significance.

Ethics

We audited the results of pre and post haemodialysis bioimpedance
measurements obtained during routine clinical practice to determine whether
bioimpedance derived hydration status was associated with an increased
mortality. Patient specific data was anonymised. Ethical approval fulfilled UK

NHS clinical service development and audit (UK NHS guidelines for clinical audit
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and service development (http://www.hra.nhs.uk/documents /2013/09/ defining-

research.pdf)).

Results

Records of 362 patients were available for review with a median age of
63 (50-76) years, with 59.7% being male, 41.2% Caucasoid, and a median dialysis
vintage of 31.4 (13.5-61.7) months. In terms of co-morbidity 36.7% had
diabetes, 81.5% hypertension, 25.7% had cardiac disease and 27.3% were Davies
co-morbidity grade O, 58.6% grade 1 and 14.1% grade 2.The majority of patients
dialysed with an arterio-venous fistula (71.3%), and 37.6% of patients were
treated by haemodiafiltration and 63.4% by high flux haemodialysis. The median
follow-up time was 49.6 (21.9-50.2) months during which there were 110 (30.4%)
deaths. The total number of patients scheduled for dialysis was 465; 103
patients were excluded from analysis due to inability o stand to be weighed (14
due to amputations, 4 severe stroke and 4 stretcher cases), pacemakers (12),
recent starters on the haemodialysis program (31), recent discharge from
hospital (15) and non-attendance for dialysis due to holiday and hospital in-
patient admission (13), missing post dialysis bioimpedance results (7), and no NT-
proBNP measurement (3).

We compared the demographics of patients who died during follow up
with those who survived, as expected survivors were younger, weighed more,

with less co-morbidity, lower CRP, and higher serum albumin and haemoglobin
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(table 1). Survivors also had lower extracellular water (ECW) to total body water
(TBW) ratios both re and post-dialysis (Figure 1), and also less ECW for their
intracellular water (ICW), expressed as percentage, termed over hydration, and
lower NT-proBNP values (table 1). We used p2 microglobulin as a surrogate for
residual renal function, and found no difference between groups.

We found no difference in mortality between those treated by
haemodialysis compared to haemodiafiltration. Similarly there was no difference
in hydration status, either pre-dialysis (haemodialysis 5.8(4.3-6.7) vs
haemodiafiltration 5.8(4.2-7.1) % over hydration) or post dialysis (1.1 (-0.5 -2.8)
vs 1.3 (-06-3.1) % over hydration), respectively. However the haemodiafiltration
group had a higher haemoglobin (11.8(11.0-12.5) vs 11.2(10.1-12.3) g/dL),p=0.02;
serum albumin 41.0 (40-44) vs 41.0 (38-43) g/, p=0.034, and lower CRP (4(2-8)
vs 5(2-14.3)mg/L),p=0.013, and NT-proBNP pmol/L (106(48-321) vs 200 (71-
538)),p=0.012, respectively .

Univariate analysis was then undertaken to determine which factors were
associated with mortality (table 2). A Cox model showed that Davies co-
morbidity grade, log CRP, and pre-dialysis ECW excess, either as pre dialysis
ECW/TBW or as percentage over hydration, were independently predictive of
mortality. Whilst greater pre dialysis weight and serum albumin were found to
be significantly protective factors (tables 3 and 4). However ECW excess post-
dialysis, was not associated with mortality, whether assessed by ECW/TBW

ratio or percentage over hydration (p = 0.424 and 0.383 respectively).
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Receiver operating curves (ROC) for mortality were plotted (figure 2),
showing in descending order the area under the curve (AUC) was greatest for
pre dialysis ECW/TBW, 0.70 (p <0.001), percentage over hydration pre-dialysis
0.697 (p <0.001), Davies co-morbidity grade 0.689 (p <0.001); post dialysis Log

NT-proBNP 0.616 (p = 0.001), and Log CRP 0.607 (p = 0.002), respectively.

Discussion

Mortality for kidney dialysis patients remains high [2]. Studies have
failed to show that increasing urea clearance (Kt/V) increases survival [5].
Similarly simply increasing dialyzer pore size to increase middle molecular
weight toxin clearance with high flux dialysis failed to demonstrate any
significant survival advantage [6], although achieving high volume on-line
haemodiafiltration exchanges has recently been suggested to potentially
improve patient survival [22]. On the other hand there are several observational
studies showing a strong association between increased inter-dialytic weight
gains [23], and ECW overload and mortality [10,24]. Despite the clear
association between ECW excess and mortality, most dialysis centres rely on
clinical assessment of patients and have no formalised policy of how to address
achieving post-dialysis target weights [8]. As not all haemodialysis patients with
an expanded ECW are hypertensive, and similarly pre-dialysis blood pressures
may equally not be lower in those who are dehydrated with a contracted ECW
[25,26], there is a clinical need to develop biomarkers and other measurements

Yo aid clinical decision making in determining post-dialysis target weight.
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Bioimpedance devices have developed over the last twenty years from
simple frequency devices to multi-frequency and spectroscopy devices [6]
capable of measuring ECW and ICW. As there is no simple relationship between
patient anthropomorphometry and ECW, there have been debates as how best to
express ECW excess, so allowing interpatient comparisons [27], with some
authors simply expressing the ratio of ECW/TBW [28], whereas others have
estimated the amount of ECW to be expected from the measured ICW, and
then expressed the difference in ECW measured and that expected as a
measure of, or percentage over hydration [29].

Natriuretic peptides are increased in patients with heart failure, and
some reports have suggested an association with ECW excess and increasing
concentrations in dialysis patients [11], although others have reported no
association [30]. BNP is produced from a pre-prohormone precursor which is
cleaved to form N-terminal pro B-type natriuretic peptide, which is then split
into BNP 1-32 and NT-proBNP 1-76. Normally there are only small amounts of
intact BNP 1-32 in blood, and the major circulating forms of BNP are
degradation products which can be detected by different BNP assays to a
varying extent. To exclude any possible cross reactivity, and technical problems
due to the instability of BNP, we elected to measure the more stable NT-
proBNP. We also chose to measure NT-proBNP post the midweek dialysis
session, as previous reports have suggested that BNP values are relatively stable
during the latter half of the dialysis weekly schedule [31]. We did observe that

NT-proBNP values were lower in the haemo-diafiltration group, raising the
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possibility that there may have been some removal during treatment, as it has a
molecular weight of 8.5 kD. However NT-proBNP is also influenced by
inflammation [32], and the haemodiafiltration group had higher haemoglobin and
albumin concentrations and lower CRP values. Although we found that the AUC
on ROC for NT-proBNP was similar to that of CRP in terms of association with
mortality, this was not as high as for pre-dialysis over hydration. Although NT-
proBNP is increased by ECW expansion, NT-proBNP may also be influenced by
cardiovascular co-morbidity counted as part of the Davies co-morbidity grade
[15], and systemic inflammation linked to CRP [33].

We did observe that pre-dialysis ECW excess, whether measured by
ECW/TBW ratio or percentage over hydration was independently associated
with mortality in our cohort of patients, whereas there was no such association
with post-dialysis ECW excess. However those patients who died did have higher
levels of ECW than those who survived. This may suggest that patients with
greater ECW excess are volume overloaded all through the dialysis week and
that they are even more volume overloaded prior to dialysis, or that being more
volume overloaded leads to higher ultrafiltration rates, which patients can not
readily tolerate, so that patients achieve similar net ultrafiltration during the
dialysis session, but then leave more volume overloaded. Several studies have
suggest that patients requiring higher ultrafiltration rates, a surrogate for
greater ECW overload are at increased risk of death [7].

As many dialysis centres do not have formal protocols or algorithms to

assess and change patients’ target weights we audited our own results of
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measuring pre and post-dialysis bioimpedance measurements along with NT-
proBNP, to help decide which if any of these could be a useful biomarker to help
in clinical decision making. We found that the pre dialysis ECW/TBW ratio and
percentage ECW over hydration measured by bio-impedance had the greatest
association with subsequent patient mortality compared to either post dialysis
NT-proBNP or hydration status assessed by the ECW/TBW ratio or percentage
ECW over hydration. The association between pre dialysis ECW/TBW ratio and
percentage ECW over hydration and mortality remained after adjusting for
known risk factors including comorbidity index, serum albumin and CRP. Whereas
after adjustment, NT-proBNP was longer an independent factor associated with
mortality. From our study it would appear that volume assessment would best be
served by a pre-dialysis bioimpedance measurement, dispensing with post-
dialysis bioimpedance and NT-proBNP measurements.

Many studies have shown an association between volume status and
mortality for haemodialysis patients. However these have variously reported an
association between either pre-dialysis over hydration [23], or post dialysis over
hydration [7]. In the new era of bio-impedance measurements, studies have only
reported on pre-dialysis bioimpedance measurements [10, 12,24]. Our study is
the first to compare the effect of over hydration measured both pre and post-
dialysis. On multivariate analyses we noted an association between pre-dialysis
ECW excess and mortality, and although there was no statistical association
with either post-dialysis ECW excess or NT-proBNP, both were increased in

those who died. However our report is a retrospective observational study from
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a single centre, which requires confirmation by other centres in prospective
trials to determine whether patient mortality is reduced by targeting a
reduction in pre-dialysis ECW expansion by adding bioimpedance measurements

to clinical assessments of volume status in haemodialysis patients.

Neither author has any conflict of interest
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Figure 1. Extracellular water (ECW) to total body water (TBW) ratios measured
by multi-frequency bioimpedance pre and post the md week dialysis session.
Values expressed as median (interquartile range). ***p<0.001

Figure 2. Receiver operating curve (ROC) for variables in Cox models. The area
under the curve (AUC) for the individual variables were in descending order: pre
dialysis extracellular to total body (ECW/TBW) 0.700 (p <0.001), percentage
over hydration pre-dialysis 0.697 (p <0.001), Davies co-morbidity grade 0.689 (p
<0.001); post dialysis Log NT-proBNP 0.616 (p = 0.001), and Log CRP 0.607 (p =
0.002), respectively.
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Table 1. Baseline demographics of survivors and those who died during follow up.
Davies co-morbidity grade(Davies), Mean arterial blood pressure (MAP), pre-
dialysis (pre) and post-dialysis (post), C reactive protein (CRP), N terminal pro-

brain natriuretic peptide (NT-proBNP), single pool Kt/V (spKt/V). Data

expressed as mean +SD, median (inter-quartile range) or percentage. P value
compared to deceased group.

Variable Deceased Survivors P-Value
Patient number 110 252
Age years 69.5 (59.3-77) 58.5 (46-71) <0.001
Male (%) 62 (56.4%) 154 (61.1%) 0.416
Caucasoid (%) 51 (46.4%) 98 (38.9%) 0.202
Diabetic (%) 49 (44.5%) 84 (33.3%) 0.045
Vintage months 29 (12.4-72.7) 33.1(14.3-58.8) 0.870
haemodiafiltration (%) 40 (36.4%) 96 (38.1%) 0.814
Hypertension (%) 88 (80%) 207 (82.1%) 0.660
Heart disease (%) 47 (42.7%) 46 (18.3%) <0.001
Davies grade O (%) 12 (10.9%) 87 (34.5%)
Davies grade 1 (%) 67 (60.9%) 145 (57.5%)
Davies grade 2 (%) 31(28.2%) 20 (7.9%) <0.001
Arteriovenous fistula (%) 68 (61.8%) 190 (75.4%) 0.011
MAP pre mmHg 90.5 (81.9-107.2) | 97.7 (85.6-108.8) 0.109
MAP post mmHg 87.3 (76.6-99.8) 89.5 (80-100.7) 0.317
Weight pre kg 65.1 (57.4-80) 72.3 (62.9-82.5) 0.005
Weight post kg 64.4 (56.4-78.6) 71 (61.2-81) 0.007
Ultrafiltration litres 16 (1-2.1) 1.7 (1.1-2.2) 0.160
Over hydration pre % 6.6 (5.8-7.6) 5.1 (4-6.6) <0.001
Over hydration post % 2.4 (1.2-3.6) 05 (-1-2.2) <0.001
NT-proBNP pmol/I 3245 (121.5-790.5) | 102 (47.8-3415) 0.002
CRP, mg/L 7 (2-18.9) 4 (2-10) 0.003
Albumin, g/L 40 (38-42) 42 (40-44) <0.001
Haemoglobin, g/dL 11.1 (10-12.1) 11.6 (10.6-12.5) 0.033
Serum urea pre, mmol/| 195 (16.2-22.4) 18.9 (15.8-22.9) 0.788
spKt/V 153 (1.22-1.81) 152 (1.29-1.79) 0.554
B2 microglobulin ug/| 32.9 (32.1-33.7) 28.9 (23.7-31.4) 0.165
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Table 2. Univariate analysis of factors associated with mortality. Davies co-
morbidity grade (Davies), Mean arterial blood pressure (MAP), pre-dialysis (pre)
and post-dialysis (post), C reactive protein (CRP), N terminal pro- brain

natriuretic peptide (NT-proBNP), single pool Kt/V (spKt/V).

Variable R P- Variable R P-

value value
Age 0.234 | «0.001 | %Over hydration pre | 0.317 | <0.001
Davies score 0.318 | <0.001 | %Over hydration post | 0.330 | <0.001
MAP pre -0.086 | 0.104 | Log NT-proBNP 0.166 | 0.002
MAP post -0.041 | 0.434 | Log CRP 0.157 | 0.003
Weight pre -0.149 | 0.005 | Haemoglobin -0.090 | 0.089
Weight post -0.142 | 0.007 | Serum albumin -0.211 | <0.001
ECW/TBW pre 0.322 | <0.001 | spKt/V -0.033 | 0.555
ECW/TBW post 0.332 | <0.001 | Ultrafiltration -0.060 | 0.256

Table 3 Cox regression model for all-cause mortality, using pre-dialysis ratio of
extracellular water (ECW) to total body water (TBW) as measurement of fluid
status. Davies co-morbidity grade (Davies), pre-dialysis (pre) and post-dialysis
(post), C reactive protein (CRP), N terminal pro- brain natriuretic peptide (NT-
proBNP). Hazard ratio (HR)

Variable HR Lower 95% Upper 95% CI P-

CI value
Age 1.007 0.992 1.022 0.372
Davies grade 1.582 1.288 1.942 <0.001
Weight pre 0.982 0.968 0.997 0.016
ECW/TBW pre 2.7 x 10° 123 6.0 x 10” 0.012
Serum Albumin 0.935 0.885 0.988 0.017
Log CRP 1.974 1.974 2.894 <0.001
Log NT-proBNP 1.050 0.740 1.489 0.784
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Table 4. Cox regression model for all-cause mortality, using pre-dialysis over
hydration % as measurement of fluid status. Davies co-morbidity grade(Davies),
pre-dialysis (pre) and post-dialysis (post), C reactive protein (CRP), N terminal
pro- brain natriuretic peptide (NT-proBNP). Hazard ratio (HR)

Variable HR Lower 95% | Upper 95% | P-value
CcI CcI

Age 1.007 0.992 1.022 0.370
Davies grade 1.582 1.288 1.943 <0.001
Weight pre 0.982 0.968 0.997 0.016
% Over hydration pre 1.148 1.029 1.279 0.013
Serum Albumin 0.935 0.885 0.988 0.017
Log CRP 1.974 1.347 2.895 <0.001
Log NT-proBNP 1.050 0.740 1.489 0.786




