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Abstract

Background: Adverse events and mortality tend to cluster around dialysis sessions, potentially due to the impact

of the saw-toothed profile of uraemic toxins such as potassium, peaking pre-dialysis and rapidly dropping during
dialysis. Acidosis could be contributing to this harm by exacerbating a rise in potassium. The objectives of this study
were to investigate the effects of oral bicarbonate treatment on reducing inter-dialytic potassium gain as well as other
clinical consequences of preserving muscle mass and function and reducing intradialytic arrhythmia risk in people on
haemodialysis.

Methods: Open-label randomised controlled trial in a single-centre (London, UK). Forty-three clinically stable adults
on haemodialysis were recruited, with a 6 month average pre-dialysis serum bicarbonate level <22 mmol/l and
potassium >4 mmol/l. Thirty-three participants completed the study. Oral sodium bicarbonate tablets titrated up to a
maximum of 3g bd (6 g total) in intervention group for 12 weeks versus no treatment in the control group. Outcomes
compared intervention versus non-intervention phases in the treated group and equivalent time points in the control
group: pre- and post-dialysis serum potassium; nutritional assessments: muscle mass and handgrip strength and
electrocardiograms (ECGs) pre and post dialysis.

Results: Participants took an average of 3.7 £ 0.5 g sodium bicarbonate a day. In the intervention group, inter-
dialytic potassium gain was reduced from 1.90+0.60 to 1.69 4 0.49 mmol/l (p =0.032) and pre-dialysis potassium
was reduced from 4.96 £ 0.62 to 4.79 £+ 0.49 mmol/l without dietary change. Pre-dialysis bicarbonate increased from
18.15 +£1.35t0 20.27 £ 1.88 mmol/l, however with an increase in blood pressure. Nutritionally, lean tissue mass was
reduced in the controls suggesting less catabolism in the intervention group. There was no change in ECGs. Limita-
tions are small sample size and unblinded study design lacking a placebo, with several participants failing to achieve
the target of 22 mmol/I serum bicarbonate levels due mainly to tablet burden.

Conclusion: Oral sodium bicarbonate reduced bicarbonate loss and potassium gain in the inter-dialytic period, and
may also preserve lean tissue mass.

Trial registration: The study was registered prospectively on 06/08/2015 with EU Clinical Trials Register EudraCT
number 2015-001439-20.
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Background

The intermittent nature of haemodialysis (HD) allows

uraemic toxins to build up during the inter-dialytic
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(including sudden death) are found to cluster around
the dialysis session [1, 2]. Methods to even out the saw-
toothed profile are considered beneficial to delivering
quality dialysis such as is seen with increased frequency
HD.

Uraemic toxins closely fitting the saw-toothed profile
include electrolytes, such as potassium, which is plausi-
bly and statistically associated with peri-dialytic morbid-
ity and mortality [3—6]. Acidosis follows a similar inverse
pattern, with the bicarbonate levels gradually falling dur-
ing the inter-dialytic period, before rapid supplemen-
tation during dialysis. Observational studies of clinical
outcome support the view that acidosis is harmful, show-
ing that, after adjustment for comorbidity, pre-dialysis
bicarbonate levels below 22 mmol/L are associated with
excess mortality [7, 8]. Acidosis is a likely contributor to
peri-dialytic harms, for example by exacerbating the rise
in plasma potassium levels [9], as well as having longer
term adverse effects, such as increased muscle catabo-
lism by impairing insulin and insulin-like growth factor-1
signalling which leads to muscle protein breakdown [10,
11]. The data for the association between acidosis and
impaired muscle strength is conflicting with positive rela-
tionships found in a large cohort study of older people
[12] yet negative findings of handgrip strength in a small
pilot study of bicarbonate supplementation in people
with moderate to advanced kidney disease [13]. No stud-
ies have investigated the relationship between acidosis
and handgrip strength in people on HD.

Studies of acidosis treatment in people on haemodialy-
sis typically focus on dialytic supplementation [14-16]
which features abrupt correction of bicarbonate levels
and incremental development of acidosis in the inter-dia-
lytic period, however if given orally throughout the inter-
dialytic period, uraemic acidosis could be continuously
corrected, potentially reducing peri-dialytic and longer
term harms. Studies to date in people on haemodialysis
have been limited by small sample size and lacking in a
control group. We hypothesised that oral bicarbonate
treatment would reduce inter-dialytic potassium gain,
preserve muscle mass and function and reduce intradia-
lytic arrhythmia risk in people on haemodialysis.

Methods

The aim of this study is to understand the clinical impact
of oral sodium bicarbonate supplementation on pertinent
dialysis-related trends: inter-dialytic potassium gain,
muscle mass and function loss and the risk of arrhyth-
mias in people on haemodialysis.

Study design, population and setting
This was a single centre, open-label randomised con-
trolled trial, involving a mixed ethnicity haemodialysis
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population in London, UK. Stable adult patients (aged
18-80years), on haemodialysis for at least 3months,
were eligible for recruitment if they had 6-month aver-
age predialysis serum bicarbonate level below 22 mmol/l
and potassium over 4mmol/l. Those with recurrent hos-
pital admissions, dementia or who were bedbound, were
excluded.

Intervention

Participants were randomly allocated in 1:1 ratio, to
intervention or control group by sealed envelopes by an
individual outside the research team, stratified for gen-
der and diabetes. Participants were enrolled by SK. The
intervention group received a 4week run-in phase (no
treatment), followed by treatment for 12weeks and fin-
ished with a 4week wash-out phase, during which no
treatment was given (Fig. 1). The control group received
no treatment throughout all study phases. Treatment
with sodium bicarbonate was started at 1g bd (4 tablets
per day), with the dose titrated during the first 4 weeks
of treatment (increasing by 0.5g bd as tolerated, to a
maximum of 3g bd) to achieve predialysis bicarbonate
over 22mmol/l. All patients were dialysing thrice weekly,
using a standardised dialysate bicarbonate concentration
of 35mmol/l (final dialysate bicarbonate 32 mmol/l with
acetate 3mmol/l), and individualised dialysate potassium
(either 1 mmol/l or 2mmol/l). The clinical team were not
restricted from altering the dialysate potassium as neces-
sary for the duration of the study.

Outcome measures

The primary outcome was inter-dialytic potassium gain.
Secondary outcomes included changes in nutritional
parameters (nutritional status and intake, muscle mass
and handgrip strength) and electrocardiogram (ECG)
parameters. Observations were conducted at time-
points outlined in Fig. 1. Blood samples were taken after
the long inter-dialytic interval for pre- and post-dialysis
electrolytes. Standard clinical data including pre-dialysis
blood pressure, inter-dialytic weight gain and dialysate
potassium concentration were also recorded. ECGs were
recorded pre- and post-dialysis at specific time points
using MAC 1200ST ECG machines (GE Medical Sys-
tems) with standard software. Automated analysis was
available for most parameters including QTc (calculated
with the Bazett formula) but not QT dispersion, which
was measured manually.

The nutritional assessments that were undertaken were:
(1) nutritional status by the validated 7-point Subjective
Global Assessment (SGA) [17] undertaken during dialy-
sis sessions; (2) body composition (lean tissue mass and
fat mass) and fluid overload by Body Composition Moni-
tor (Fresenius) immediately prior to dialysis sessions; (3)
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Fig. 1 Patient flow through the study. The number of participants is provided at each stage, and reasons for non-completion. Blood samples,
ECG and symptom data were primarily analysed in the intervention group, comparing treatment with run-in / wash-out phases in those starting
treatment. Changes in BCM were compared between intervention and control groups in those completing the study. (ECG = electrocardiogram;

muscle strength using Jamar hand dynamometer on the
dominant / non-fistula arm (in the standing position)
immediately prior to dialysis sessions; and (4) nutritional
intake using 3-day food diaries covering 3 consecutive
days including one weekend day, analysed using Diet Plan
6.0.

Adherence to the prescribed dose of sodium bicarbo-
nate was assessed during titration and at the end of the
study using medication diaries and investigator checks of
remaining capsules.

Statistical analysis

Differences between and within groups were compared
using the t-test and chi-squared tests as appropriate,
using SPSS version 23.0 (IBM, New York). The sam-
ple size calculation was based on potassium changes
within the intervention group. We selected 0.3 mmol/l
as a clinically meaningful change in pre-dialysis potas-
sium and therefore the minimum change which the study
should detect. Using an estimate of 0.6 mmol/l for the

within-patient standard deviation of pre-dialysis potas-
sium, the standard deviation of an average over 4 weeks
would be 0.3mmol/l. To achieve 90% power to detect a
0.3 mmol difference in pre-dialysis potassium with a sig-
nificance level of 0.05 would require 21 per group, and we
therefore aimed to recruit 25 participants in each group.

Electrolyte, ECG and blood pressure data were ana-
lysed both between groups, and within the intervention
group, comparing final dose treatment (all timepoints
after titration) with no treatment (run-in and wash-out
periods). Typical dialysis-induced ECG changes were
taken from the control group, across all timepoints.

Changes in nutritional parameters (body composition,
muscle strength, nutritional status and intake) were com-
pared both between groups (change during study) and
within groups (study end vs baseline) in participants who
completed the study.

Participants were analysed as randomised, excluding
those who withdrew during the run-in phase, before any
treatment initiation.
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Results

Study recruitment and dose titration

From three satellite units providing haemodialysis for
518 patients, 130 (25.1%) were eligible and approached
for enrolment (11/2015-12/2015) of which 43 partici-
pants (aged 27-79, 76% male) were recruited. Follow
up was completed by May 2016. After randomisation 7
participants withdrew from the study (2 from the con-
trol arm and 5 from the intervention arm) during the
run-in phase, leaving 16 (aged 27-74, 75% male) start-
ing the intervention in week 5, and 20 starting the same
timepoint in the control group (Fig. 1). The control and
intervention arms were not significantly different to each
other in their baseline demographic and clinical char-
acteristics (Table 1). Two participants, one from each
group, received a transplant during the treatment phase
of the study and a further participant withdrew from
the control group during the equivalent of the treatment
phase. After dose titration participants in the interven-
tion arm were taking an average sodium bicarbonate
dose of 3.7+£0.5g/day. The target bicarbonate level of
22 mmol/L was not consistently achieved (>50% of read-
ings) in 9/16 participants mainly due to tablet burden.

Electrolytes data

Compared to the control group, during the treat-
ment weeks 13-16, inter-dialytic bicarbonate loss
was lower in the treatment group (—4.05+1.48 vs
—6.524+1.64, p<0.001) and pre-dialysis bicarbonate
was higher (20.10+19.1 vs 16.77+1.83, p<0.001). But
this was not accompanied by clear between group dif-
ferences in inter-dialytic potassium gain (1.72+0.55
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(4.78+0.55 vs 5.154+0.62, p=0.08, Table 2). Within the
intervention group, compared to no treatment, inter-
dialytic bicarbonate loss was reduced from 6.45+1.91
to 4.12+1.53 mmol/l on final dose treatment, leading to
increased pre-dialysis bicarbonate levels (20.27 £1.88
vs 18.15+1.35mmol/l, p<0.001 for both). Alongside
this inter-dialytic potassium gain was reduced from
1.904+0.60 to 1.69 £0.49 mmol/l (p =0.032) leading to a
possible reduction in pre-dialysis potassium (4.96+0.62
to 4.79 £0.49 mmol/l, p =0.07, Table 2). Food diaries sug-
gested similar dietary potassium intake at the start and
end of the treatment phase (27.6+9.8 vs 29.24+10.9mg/
kg/day, p =0.34) suggesting that potassium gain was
reduced primarily by intracellular redistribution
(Table 3).

Potassium gain was therefore reduced by 0.21 mmol/l
during bicarbonate treatment, without dietary change,
despite only 44% achieving target bicarbonate levels.
The size of this effect can be appreciated by compari-
son with the effect of altering potassium concentration
in the dialysate: dialysate concentrates during the study
were adjusted by clinical staff according to standard pro-
tocols, using a dialysate potassium of either 1 mmol/l
or 2mmol/l. The selection of the 1 mmol/l rather than
2mmol/l dialysate potassium was associated with a
greater intra-dialytic potassium reduction of 2.17 vs
1.73mmol/l (p<0.001). Therefore the 1 mmol/l dialysate
potassium increased potassium removal by 0.43 mmol/l
(findings not presented).

The relationship between pre-dialysis bicarbonate and
potassium levels is shown in Fig. 2. Changes in potas-
sium strongly correlated with changes in bicarbonate

vs 2.03£0.60, p=0.13) or pre-dialysis potassium (R=—0.58, p=0.019) suggesting a dose-response effect,
Table 1 Baseline characteristics of participants
Control (N=20) Intervention (N=16) p-value

Age 58 (52-67) 57 (49-63) 0.18
Gender (male) 15 (75%) 12 (75%) 0.87
Ethnicity 0.26

White 8 (40%) 4 (25%)

Black African / Caribbean 4 (20%) 5(31%)

Asian / Other 8 (40%) 7 (44%)
Cause of renal disease 0.79

Diabetes 7 (35%) 5(31%)

Nephritis 6 (30%) 3(19%)

Hereditary 1 (5%) 2 (12%)

Other 6 (30%) 6 (37%)
Diabetes 9 (45%) 6 (38%) 0.83
Haemodialysis vintage (months) 38(23-83) 23 (10-51) 0.14
Ke/V 1.6 (0.3) 1.44 (0.6) 0.65

Results given as median (IQR) or number (%)
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Table 2 Treatment dose and electrolytes in intervention and control groups
No treatment  Week 5-8 Week 13-16 Final dose
Mean SD Mean SD pvalue® Mean SD p value® p value®
Intervention (N=16)
Bicarbonate dose (g/day) 0.0 0.0 22 03 3.7 0.5 37 0.5
Potassium Pre HD 4.96 062 483 040  0.038* 4.78 0.55 0.08 4.79 049 0.07
Post HD 3.06 037 322 024 063 3.07 0.36 061 3.21 032 0.70
ID change 1.90 0.60 161 029 008 1.72 0.55 0.13 1.69 0.49 0.032*%
Bicarbonate Pre HD 18.15 135 2003 193 0.002* 20.10 191 <0.007* 20.27 1.88 <0.007*
Post HD 24.59 167 2477 138 005 24.15 1.00 0.08 24.39 1.23 0.66
ID change —6.45 191 —4.73 197 012 —4.05 148 <0.001* —4.12 1.53 <0.007*
Dialysate K=1 (%)° 39.1 344 071 40.0 0.74 40.3 0.88
Control (N=20)
Potassium Pre HD 5.22 060 524 0.69 5.15 0.62
Post HD 3.14 035 3.27 042 3.13 0.31
ID change  2.08 063 197 0.76 2.03 0.60
Bicarbonate Pre HD 18.02 155 1816 147 16.77 1.83
Post HD 24.07 1.21 23.89 123 23.29 1.62
ID change —6.05 1.35 —573 1.77 —6.52 1.64
Dialysate K=1 (%)° 388 434 36.1

Except where stated, measurements are in mmol/|

HD haemodialysis

ID inter-dialytic interval

@ Between groups (intervention vs control)

b Within intervention group (final dose vs no treatment)

¢ Proportion with dialysate potassium =1 mmol/l (2mmol/I standard)
*Significant at p <0.05

with pre-dialysis potassium reduced by approximately
0.1mmol/l for every 1mmol/l increase in pre-dialysis
bicarbonate. Of particular importance, the frequency
of clinically relevant hyperkalaemia (>6.0mmol/l) was
reduced from 11.3 to 3.9% of pre-dialysis measurements
(p=0.037) whilst the hyperkalaemia frequency remained
consistent in the control group at approximately 13.8% of
measurements.

Nutritional parameters

The whole group were well nourished according to the
SGA assessment (score 6 or 7). Bioimpedance spectros-
copy analysis demonstrated changes in body composition
in both groups over the course of the study. The control
group exhibited reduced lean tissue by the end of the
study (50.2 +£12.1 vs 51.8 £13.7%, p=0.041) as well as
increased overhydration (2.4 +£2.0v1.7 £1.7L, p=0.001,
Table 3). However, the intervention group observed a
probable increase in dry weight (p=0.05). Compared to
the control group, dry weight possibly increased in the
intervention group (+0.9+1.6 vs —0.2+1.7kg, p=0.08)
mostly attributable to a possible increase in lean tissue
(+0.5+3.3 vs —1.6£2.9%, p=0.07) without change in

hydration status (+0.2+1.4 vs +0.7+0.8L, p=0.20).
Similarly, handgrip strength decreased in the control
group (29.7 £10.1 vs 31.2 £10.9kg, p=0.034) without
change in the intervention group, but there was no clear
difference between the deterioration seen in interven-
tion and control groups (—0.4 £3.4 vs —1.5 £3.0kg,
p=0.32). Analysis of 3-day food diaries did not show an
increase in energy or protein intake (Table 3) suggest-
ing a prevention of catabolism of muscle in the inter-
vention group as the possible mechanism for changes in
body composition as a result of improved bicarbonate
levels. The normalised protein catabolic rate, however,
remained stable (Table 3).

Cardiovascular data

Haemodialysis sessions induced a significant increase
in heart rate, and significant changes in ECG morphol-
ogy with increased heart rate, longer PR, broader QRS
and shorter QTc observed post-dialysis compared to pre-
dialysis in the control group (p<0.001 for each). In the
intervention group, bicarbonate treatment did not have a
significant impact on any of these changes, nor was there
a significant effect on QT interval dispersion (Table 4).
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Table 3 Nutritional outcomes in participants who completed the study
Baseline Study end Change during study
Mean SD Mean sD p value® Mean SD p value®
Intervention (N =15)
Body composition
Dry weight (kg) 84.8 18.7 85.6 186 0.05 +09 1.6 0.08
Lean tissue mass (%) 450 122 455 125 0.58 +0.5 33 0.07
Fat mass (%) 388 94 383 9.8 0.40 —-0.5 2.2 0.29
Over-hydration (L) 1.2 24 14 20 0.60 +02 14 0.20
Muscle strength
Handgrip (kg) 266 13.1 26.2 134 0.64 —04 34 032
Nutritional intake
Energy (kcal/kg/d) 215 6.8 226 7.8 0.36 +1.1 44 0.79
Protein (g/kg/d) 0.94 039 0.96 037 0.58 +0.02 0.14 0.76
nPCR (g/kg/d) 112 0.32 1.14 0.23 0.72 +0.02 0.21 0.65
Potassium (mg/kg/d) 276 9.8 29.2 109 0.34 +17 45 0.06
Control (N=18)
Body composition
Dry weight (kg) 779 15.6 77.7 159 0.64 —0.2 17
Lean tissue mass (%) 518 13.7 50.2 12.1 0.041* —-16 29
Fat mass (%) 334 9.9 33.8 93 0.52 +04 25
Over-hydration (L) 17 1.7 24 2.0 0.007* +0.7 0.8
Muscle strength
Handgrip (kg) 312 109 29.7 10.1 0.034* —15 30
Nutritional intake
Energy (kcal/kg/d) 22.7 94 243 93 035 +16 6.0
Protein (g/kg/d) 0.92 0.35 091 0.32 0.95 —0.01 0.28
nPCR (g/kg/d) 1.06 0.20 112 0.23 0.36 +0.06 0.21
Potassium (mg/kg/d) 303 11.9 282 10.6 0.23 —2.1 6.7

@ Within groups (study end vs baseline)

b Between groups (change during study in intervention vs control group)
nPCR: normalised protein catabolic rate.

*Significant at p <0.05

Although there was no between group difference in
blood pressure during treatment weeks 13-16, blood
pressures in the intervention group were higher during
treatment than without, by 5.8/3.8 mmHg (systolic/dias-
tolic, p=0.005/0.021, Table 5). This was not explained
by a corresponding change in inter-dialytic weight gain,
which was similar (2.61+£0.97 vs 2.52+1.13kg, p=0.46).
One participant required an increase in the dose of one
of his antihypertensive medications.

Adherence and adverse events

Adherence to treatment varied between 67 and 100%
with an average of 90.3% as measured using self-recorded
medication diaries and remaining medication checks.
Adverse events were no more common in the interven-
tion group, and apart from the hypertension mentioned
above, none were related to study treatment. No serious

adverse events were observed in the intervention group
during the study.

Discussion

In this study, oral treatment with sodium bicarbonate
substantially increased pre-dialysis bicarbonate levels,
evening out the saw-toothed profile commonly present
due to rapidly supplemented bicarbonate during dialy-
sis. This is in turn, led to a significant reduction in inter-
dialytic potassium gain, minimising episodes of clinically
significant hyperkalaemia. The average effect size, a
reduction in pre-dialysis potassium of 0.21 mmol/], was
in keeping with observational studies demonstrating the
association between predialysis potassium and bicarbo-
nate levels [8], and dose-responsive so that pre-dialysis
potassium could be expected to reduce by approximately
0.1 mmol/l for every 1.0 mmol/l increase in bicarbonate.
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The danger of high potassium pre-dialysis is frequently
encountered in clinical practice, and well supported by
observational data: in a study of over 70,000 patients,
after adjustment for case mix and malnutrition param-
eters, a progressive increase in mortality risk was seen
with higher pre-dialysis potassium starting at 5.6 mmol/l
[4]. Low potassium post-dialysis is also harmful - though
rarely measured. Risk can be inferred from studies of
dialysate potassium, which reveal an increased risk of
sudden cardiac death with low dialysate potassiums, for
example in a study of 36,235 patients in 12 countries, an
increased risk was observed with any dialysate potas-
sium below 3.0mmol/I (HR 1.17, 95% CI 1.01-1.37) [18].
The harm could be due to the impact low potassium
dialysates have on post dialysis potassium levels or due
to the abrupt change in potassium levels incurred over
a dialysis session. Using low dialysate potassium there-
fore as a treatment for pre-dialysis hyperkalaemia may
be counterproductive, and although in our study sodium
bicarbonate was biochemically only half as effective as
dialysate adjustment in reducing pre-dialysis potassium,
as it doesn't lower post-dialysis potassium, it may there-
fore be a safer and clinically superior approach.

Two other established approaches to reduce pre-dial-
ysis hyperkalaemia which don’t exacerbate post-dialysis
hypokalaemia, are increased dialysis frequency and die-
tary restriction. The former is effective though burden-
some in terms of patient time and dependent on local
provision, whereas the latter is in routine use for many
patients but with limited effectiveness, partly due to poor
adherence and difficulties achieving dietary restriction
without reducing other aspects of diet quality. Medica-
tions which control inter-dialytic potassium gain would
therefore be advantageous, and some have recently
become available: patiromer, for example, binds potas-
sium in the gastrointestinal tract, leading to an average
reduction in pre-dialysis potassium of 0.50 mmol/l. This
study therefore demonstrates that sodium bicarbonate is
an inexpensive established treatment which also reduces
potassium gain - although the effect size is modest, like
patiromer, it appears to have a greater effect in those with
clinically relevant hyperkalaemia. Therefore the clini-
cal benefit may be larger than would be predicted by the
average potassium reduction.

Another positive effect of oral sodium bicarbonate
supplementation was in minimising muscle breakdown.
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Table 4 Electrocardiogram changes in intervention and control groups
No treatment Week 5-8 Week 13-16 Final dose
Mean SD Mean SD p value® Mean SD p value® Mean SD p value®
Intervention (N=16)
Heart rate (s-1) Pre HD 70.2 155 71.8 124 0.18 73.8 14.1 0.83 73.0 13.8 0.98
Post HD 76.5 123 755 131 022 76.6 147 0.59 76.2 137 024
HD effect +6.3 8.8 +36 9.8 0.83 +28 9.7 0.63 +3.2 9.2 0.15
PRinterval Pre HD 173 34 177 42 0.97 173 35 0.60 175 36 0.99
Post HD 163 29 169 34 0.89 162 25 0.44 165 28 0.33
HD effect —-99 19.7 —7.8 14.7 0.93 —115 21.0 0.74 —9.6 16.8 0.94
QRS duration Pre HD 94 17 92 14 0.95 94 16 0.93 94 16 0.69
Post HD 97 15 94 15 0.86 96 16 0.73 96 16 0.89
HD effect +33 89 +23 53 0.71 +2.8 84 0.58 +26 8.0 0.62
Corrected QT Pre HD 428 31 429 22 0.08 429 19 021 429 19 0.46
Post HD 437 30 438 38 0.38 441 31 0.29 439 31 0.51
HD effect +88 224 +9.1 27.1 0.51 +11.7 288 0.71 +104 27.9 0.79
QT dispersion Pre HD 35 15 34 12 0.83 41 13 0.36 40 12 0.44
Post HD 38 13 33 12 0.96 34 12 0.48 34 12 0.12
HD effect +32 159 —1.7 12.6 0.88 -73 136 0.18 —57 139 0.18
Control (N=20)
Heart rate (s-1) Pre HD 73.0 16.2 747 13.6 714 129
Post HD 81.7 17.1 789 14.8 76.6 14.8
HD effect +8.7 120 +4.2 10.5 +52 1.1
PR interval Pre HD 179 39 174 44 179 40
Post HD 166 42 169 47 169 38
HD effect —136 164 —57 139 -9.9 11.5
QRS duration Pre HD 92 18 93 18 95 21
Post HD 95 19 95 21 98 18
HD effect +37 46 +24 6.4 +37 73
Corrected QT Pre HD 437 52 437 22 431 16
Post HD 446 34 443 30 446 28
HD effect +89 44.6 +57 256 + 149 20.8
QT dispersion Pre HD 36 12 35 12 36 12
Post HD 37 15 32 13 36 14
HD effect +0.2 156 -39 13.0 —04 16.2

Except where stated, measurements are in ms
HD haemodialysis
@ Between groups (intervention vs control)

b Within intervention group (final dose vs no treatment)

Acidosis is a well described cause of decreased mus-
cle synthesis, with low pre-dialysis bicarbonate levels
strongly associated with indicators of catabolism, such
as protein catabolic rate [19]. Studies investigating the
nutritional impact of acidosis treatment in people on
haemodialysis typically focus on correction through
increasing dialysate bicarbonate content as opposed
to supplementing oral bicarbonate. These studies have
tended to be small, underpowered and lacking in a
control group. Movilli et al. undertook a longitudinal

(uncontrolled) study of oral bicarbonate supplemen-
tation (ranging 1-4g) in 29 people on haemodialysis
over 4months which lead to reduced catabolism over-
all (calculated by normalised protein catabolic rate) and
improved albumin synthesis in the less inflamed sub-
group (hsCRP <10mg/L) [20]. The evidence in people on
peritoneal dialysis is far stronger with a randomised, pla-
cebo controlled double blind study showing a significant
improvement in its primary outcome of nutritional status
and mid arm muscle circumference (surrogate measure
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Table 5 Blood pressure and inter-dialytic weight gain in intervention and control groups

No treatment Week 5-8 Week 13-16 Final dose

Mean SD Mean SD p value® Mean SD p value® Mean SD p value®
Intervention (N=16)
Pre HD systolic pressure 136 14 138 15 053 141 15 0.95 142 16 0.005*
Pre HD diastolic pressure 78 1 80 12 0.44 84 9 0.65 82 1 0.021*
ID weight gain (kg) 2.52 1.13 248 0.97 0.15 274 0.96 0.044* 261 0.97 0.46
Control (N=20)
Systolic pressure 143 18 141 16 141 18
Diastolic pressure 84 12 83 1 82 11
ID weight gain (kg) 2.07 1.28 1.93 117 1.96 1.13

Except where stated, measurements are in mmHg

HD haemodialysis

ID inter-dialytic interval

2 Between groups (intervention vs control)

b Within intervention group (final dose vs no treatment)

*Significant at p <0.05

for muscle mass) over 12months of oral bicarbonate
supplementation (0.9g thrice daily) [21]. Our study
observed important intervention group improvements
in dry weight and lean tissue mass over the 12weeks (by
approximately 1%), suggesting that continuous bicar-
bonate replacement is effective in reducing catabolism,
in view that observed energy and protein intakes were
similar in both control and intervention groups. A com-
parable improvement in muscle mass (1kg) was seen in
a randomised placebo controlled study after 3 months
in people on haemodialysis, in which the intervention
group received 100 mg/week of nandrolone decanoate
(human growth hormone) by intramuscular injection
[22]. Our results also echo those observed in two ran-
domised studies in people with Chronic Kidney Disease
(CKD) stages 3-4 undergoing sodium bicarbonate oral
supplementation: sodium bicarbonate reduced catabo-
lism resulting in an increase in muscle mass (equivalent
to 4%) over a 2year time period [23]; and increase in total
body mass by approximately 2.7% over 4months in the
increased sodium bicarbonate group [24]. As haemo-
dialysis is a catabolic process, it is perhaps unsurprising
that the degree of muscle and body mass gain in CKD is
not mirrored in people on haemodialysis, and therefore
of significant relevance that they are present at all.
Another possible acidosis mediated effect is impair-
ing muscle strength, although the mechanism is unclear.
Yenchek et al. observed a relationship in a cohort of 1544
well-functioning older people from the Health, Aging and
Body Composition prospective study (with and without
kidney disease) between lower bicarbonate levels 3 years
post baseline and incident persistent functional limita-
tion [25]. The findings in our study in relation to muscle

strength are less clear. The control group had a higher
baseline handgrip strength with a significant decline over
the course of the study, not mirrored in the intervention
group. However, a recent systematic review found no sig-
nificant differences in handgrip strength in intervention
groups receiving bicarbonate in people with CKD [26],
nor in a large parallel-group, double blind, placebo con-
trolled RCT in older people with stage 4 or 5 CKD not
on dialysis although more studies are currently underway
[27]. Therefore, the evidence so far points to correction
of acidosis on dialysis leads to muscle mass preservation
in people on HD, with further research required into aci-
dosis correction and muscle strength and function.

Reliable changes in ECG morphology were observed
immediately after haemodialysis sessions, as expected,
though these changes were not altered by bicarbonate.
Resting ECG however has limited sensitivity in general
in detecting arrhythmia risk, and the ECG parameter
thought to be the most predictive, QT dispersion, was
not reliably altered by dialysis in this study, so this find-
ing does not exclude the possibility of a clinically useful
effect.

Adverse effects were minimal. Blood pressure was,
as anticipated, increased by administration of sodium
bicarbonate, and this adverse effect may offset some of
the clinical benefit of treatment. These adverse effects
are echoed in a recent systematic review in people with
stages 3-5 CKD not on dialysis [26]. However, the modest
effect size of increased blood pressure would allow com-
pensation by a small increase in anti-hypertensive treat-
ment, so that the clinical impact could be minimal.

This study has a number of limitations, in particular
the small sample size, exacerbated by the withdrawal
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of some patients allocated to intervention before they
started treatment. Recruitment failed to hit target despite
screening and approaching all eligible patients within
three satellite dialysis units. This was not a placebo con-
trolled trial which may have impacted on some of the
outcomes such as reporting and analysis of nutritional
intake data. In addition, even with dose titration, many
patients failed to achieve the predialysis bicarbonate tar-
get, mainly due to tablet burden which was cited as the
key reason for reluctance to increase the dose. The study
in people on peritoneal dialysis [21] used a formulation
with a higher sodium bicarbonate content (0.9g v 0.5g)
which would have made a significant difference to tablet
burden and is important to implement in future studies.
However, adherence was similar in the peritoneal dialysis
and our study, despite the dose difference.

These factors somewhat limit the conclusions drawn,
but the data nevertheless supports further exploration of
an established but overlooked treatment, and provides
information helpful in the design of future research, in
particular alleviating some of the concern over blood
pressure and fluid gain. The extent to which patients were
reluctant to titrate treatment dose sufficiently might also
be addressed in future studies with an alternative formu-
lation for sodium bicarbonate.

Conclusions

Oral sodium bicarbonate treatment was found to reduce
potassium gain in the inter-dialytic period, in a dose-
dependent manner, leading to reduced pre-dialysis
potassium, without altering post-dialysis levels. Body
composition changes following 12weeks of treatment
suggest that treatment may also preserve lean tissue mass
in addition to potentially helping preserve muscle func-
tion. Oral sodium bicarbonate may reduce clinical con-
sequences of hyperkalaemia in haemodialysis patients
whilst also preventing nutritional decline, and further
study of this simple treatment seems justified.

Abbreviations
HD: Haemodialysis; ECG: Electrocardiogram; SGA: Subjective Global Assess-
ment; CKD: Chronic Kidney Disease.

Acknowledgements
Not applicable.

Authors’ contributions

The study was designed by DA and LJ, and managed by SK. Data were ana-
lysed by DA and LJ. SK wrote the initial manuscript which was revised by DA
and LJ. All authors read and approved the final manuscript. The study benefit-
ted from the kind support of many nursing staff in the dialysis units.

Funding

This study was funded by a research fellowship and project grant awarded

by Imperial Health Charity and the NIHR Imperial Biomedical Research Centre
(BRQO). Infrastructure support for this research was provided by NIHR Imperial
Biomedical Research Centre (BRC). The funding bodies were not involved in

Page 10 of 11

the design of the study or the collection, analysis and interpretation of data,
nor in the writing of the manuscript.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due patient confidentiality but are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the West London & GTAC Research Ethics Com-
mittee (15/LO/1011) and was performed in accordance with the Declaration
of Helsinki, with written informed consent from participants.

Consent for publication
Not applicable.

Competing interests
DA has received a speaker’s honorarium from Fibrogen.
SKand LJ declare that they have no competing interests.

Author details

'Department of Nutrition and Dietetics, Hammersmith Hospital, Imperial
College Healthcare NHS Trust, Du Cane Road W12 0HS, London, UK. “Renal
and Transplant Centre, Hammersmith Hospital, Imperial College Healthcare
NHS Trust, Du Cane Road W12 OHS, London, UK.

Received: 2 November 2020 Accepted: 29 September 2021
Published online: 21 October 2021

References

1. Bleyer AJ, Russell GB, Satko SG. Sudden and cardiac death rates in hemo-
dialysis patients. Kidney Int. 1999;55(4):1553-9. https://doi.org/10.1046/j.
1523-1755.1999.00391 x.

2. Bleyer AJ, Hartman J, Brannon PC, Reeves-Daniel A, Satko SG, Russell G.
Characteristics of sudden death in hemodialysis patients. Kidney Int.
2006;69:2268-73. https://doi.org/10.1038/s.ki.5000446.

3. Cupisti A, Galetta F, Caprioli R, et al. Potassium removal increases the QTc
interval dispersion during hemodialysis. Nephron. 1999;82:122-6. https://
doi.org/10.1159/000045387.

4. Kovesdy CP, Regidor DL, Mehrotra R, et al. Serum and dialysate potassium
concentrations and survival in hemodialysis patients. Clin J Am Soc
Nephrol. 2007;2:999-1007. https://doi.org/10.2215/CIN.04451206.

5. Genovesi S, Valsecchi MG, Rossi E, et al. Sudden death and associated fac-
tors in a historical cohort of chronic haemodialysis patients. Nephrol Dial
Transplant. 2009;24:2529-36. https://doi.org/10.1093/ndt/gfp104.

6.  Brunelli SM, Du Mond C, Oestreicher N, Rakov V, Spiegel DM. Serum
potassium and short-term clinical outcomes among hemodialysis
patients: impact of the long Interdialytic interval. Am J Kidney Dis.
2017;70(1):21-9. https//doi.org/10.1053/j.ajkd.2016.10.024.

7. Bommer J, Locatelli F, Satayathum S, et al. Association of predialysis
serum bicarbonate levels with risk of mortality and hospitalization in the
Dialysis outcomes and practice patterns study (DOPPS). Am J Kidney Dis.
2004;44:661-71. https://doi.org/10.1053/j.ajkd.2004.06.008.

8. Wu DY, Shinaberger CS, Regidor DL, McAllister CJ, Kopple JD, Kalantar-
Zadeh K. Association between serum bicarbonate and death in hemo-
dialysis patients: is it better to be acidotic or alkalotic? Clin J Am Soc
Nephrol. 2006;1:70-8. https://doi.org/10.2215/CIN.00010505.

9. Heguilén RM, Sciurano C, Bellusci AD, et al. The faster potassium-lowering
effect of high dialysate bicarbonate concentrations in chronic haemodi-
alysis patients. Nephrol Dial Transplant. 2005;20:591-7. https://doi.org/10.
1093/ndt/gfh661.

10. Graham KA, Reaich D, Channon M, Downie S, Goodship THJ. Correction
of acidosis in hemodialysis decreases whole-body protein degradation. J
Am Soc Nephrol. 1997,8:632-7.

11, Ikizler TA, Pupim LB, Brouillette JR, et al. Hemodialysis stimulates muscle
and whole body protein loss and alters substrate oxidation. Am J Physiol


https://doi.org/10.1046/j.1523-1755.1999.00391.x
https://doi.org/10.1046/j.1523-1755.1999.00391.x
https://doi.org/10.1038/sj.ki.5000446
https://doi.org/10.1159/000045387
https://doi.org/10.1159/000045387
https://doi.org/10.2215/CJN.04451206
https://doi.org/10.1093/ndt/gfp104
https://doi.org/10.1053/j.ajkd.2016.10.024
https://doi.org/10.1053/j.ajkd.2004.06.008
https://doi.org/10.2215/CJN.00010505
https://doi.org/10.1093/ndt/gfh661
https://doi.org/10.1093/ndt/gfh661

Kourtellidou et al. BMC Nephrol (2021) 22:346

20.

Metab. 2002;282:E107-16. https://doi.org/10.1152/ajpendo.2002.282.1.
el07.

Abramowitz MK, Hostetter TH, Melamed ML. Association of serum bicar-
bonate levels with gait speed and quadriceps strength in older adults.
Am J Kidney Dis. 2011;58(1):29-38. https://doi.org/10.1053/.ajkd.2010.12.
021.

Abramowitz MK, Melamed ML, Bauer C, Raff AC, Hostetter TH. Effects of
oral sodium bicarbonate in patients with CKD. Clin J Am Soc Nephrol.
2013;8:714-20. https://doi.org/10.2215/CIN.08340812.

Blair D, Bigelow C, Sweet SJ. Nutritional effects of delivered bicarbonate
dose in maintenance hemodialysis patients. J Ren Nutr. 2003;13(3):205-
11. https://doi.org/10.1016/51051-2276(03)00092-X.

CWO, JCO. Normalization of uremic acidosis in hemodialysis patients with
a high bicarbonate dialysate. J Am Soc Nephrol. 1993;3:1804-7.

Basile C, Rossi L, Lomonte C. Dialysate bicarbonate concentration: too
much of a good thing? Semin Dial. 2018;31:576-82. https://doi.org/10.
1111/sdi.12716.

Enia G, Sicuso C, Alati G, Zoccali C, Pustorino D, Biondo A. Subjective
global assessment of nutrition in dialysis patients. Nephrol Dial Trans-
plant. 1993;8(10):1094-8. https://doi.org/10.1093/oxfordjournals.ndt.
a092299.

Jadoul M, Thumma J, Fuller DS, et al. Modifiable practices associated with
sudden death among hemodialysis patients in the dialysis outcomes and
practice patterns study. Clin J Am Soc Nephrol. 2012;7(5):765-74. https://
doi.org/10.2215/CJIN.08850811.

Uribarri J, Levin NW, Delmez J, et al. Association of acidosis and nutritional
parameters in hemodialysis patients. Am J Kidney Dis. 1999;34(3):493-9.
https://doi.org/10.1016/50272-6386(99)70077-6.

Movilli E, Viola BF, Camerini C, Mazzola G, Cancarini GC. Correction of
metabolic acidosis on serum albumin and protein catabolism in hemodi-
alysis patients. J Ren Nutr. 2009;19(2):172-7. https://doi.org/10.1053/jrn.
2008.08.012.

Page 11 of 11

21. Szeto CC,Wong TYH, Chow KM, Leung CB, Li PKT. Oral sodium
bicarbonate for the treatment of metabolic acidosis in peritoneal
dialysis patients: a randomized placebo-control trial. J Am Soc Nephrol.
2003;14:2119-26. https://doi.org/10.1097/01.ASN.0000080316.37254.7A.

22. Johansen KL, Mulligan K, Schambelan M. Anabolic effects of nandrolone
decanoate in patients receiving dialysis: a randomized controlled trial. J
Am Med Assoc. 1999,281:1275-81. https://doi.org/10.1001/jama.281.14.
1275.

23. de Brito-Ashurst |, Varagunam M, Raftery MJ, Yagoob MM. Bicarbonate
supplementation slows progression of CKD and improves nutritional
status. J Am Soc Nephrol. 2009;20(9):2075-84. https://doi.org/10.1681/
asn.2008111205.

24. Kittiskulnam P, Srijaruneruang S, Chulakadabba A, et al. Impact of serum
bicarbonate levels on muscle mass and kidney function in pre-Dialysis
chronic kidney disease patients. Am J Nephrol. 2020;51(1):24-34. https://
doi.org/10.1159/000504557.

25. Yenchek R, Ix JH, Rifkin DE, et al. Association of serum bicarbonate with
incident functional limitation in older adults. Clin J Am Soc Nephrol.
2014;9:2111-6. https://doi.org/10.2215/CIN.05480614.

26. Navaneethan SD, Shao J, Buysse J, Bushinsky DA. Effects of treatment
of metabolic acidosis in CKD. Clin J Am Soc Nephrol. 2019;14:1011-20.
https://doi.org/10.2215/cjn.13091118.

27. Witham MD, Band M, Chong H, et al. Sodium bicarbonate to improve
physical function in patients over 60 years with advanced chronic kidney
disease: The BICARB RCT. Health Technol Assess (Rockv). 2020,24(27).
https://doi.org/10.3310/hta24270.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1152/ajpendo.2002.282.1.e107
https://doi.org/10.1152/ajpendo.2002.282.1.e107
https://doi.org/10.1053/j.ajkd.2010.12.021
https://doi.org/10.1053/j.ajkd.2010.12.021
https://doi.org/10.2215/CJN.08340812
https://doi.org/10.1016/S1051-2276(03)00092-X
https://doi.org/10.1111/sdi.12716
https://doi.org/10.1111/sdi.12716
https://doi.org/10.1093/oxfordjournals.ndt.a092299
https://doi.org/10.1093/oxfordjournals.ndt.a092299
https://doi.org/10.2215/CJN.08850811
https://doi.org/10.2215/CJN.08850811
https://doi.org/10.1016/S0272-6386(99)70077-6
https://doi.org/10.1053/j.jrn.2008.08.012
https://doi.org/10.1053/j.jrn.2008.08.012
https://doi.org/10.1097/01.ASN.0000080316.37254.7A
https://doi.org/10.1001/jama.281.14.1275
https://doi.org/10.1001/jama.281.14.1275
https://doi.org/10.1681/asn.2008111205
https://doi.org/10.1681/asn.2008111205
https://doi.org/10.1159/000504557
https://doi.org/10.1159/000504557
https://doi.org/10.2215/CJN.05480614
https://doi.org/10.2215/cjn.13091118
https://doi.org/10.3310/hta24270

