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ABSTRACT

Metabolic acidosis is a usual complication of progressive chronic kidney disease and is associated with morbidity and mortality. The correction of metabolic acidosis is a main goal of dialysis. In prevalent hemodialysis patients, acid-base homeostasis depends on many factors,
mainly net acid production, amount of alkali given by the dialysate bath and duration of the interdialytic period.
At present, the main concern in prevalent hemodialysis patients is not over patients with metabolic acidosis, but rather about the growing
numbers of patients with metabolic alkalosis. Several large cohort studies have shown significant associations between high predialysis bicarbonate, as well as blood pH, and morbidity and mortality risk. Based on recent guidelines, we should keep predialysis serum bicarbonate
concentrations at 24-26 mEq/L, although this is opinion-based and there is no consensus on the issue. Furthermore, there should be specific
focus on the patient´s nutritional status and reversible comorbidities.
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INTRODUCTION

Metabolic acidosis is a feature of progressive chronic kidney disease and end-stage renal disease and it is associated with adverse
outcomes, such as morbidity, hospitalization and mortality.1 The
correction of metabolic acidosis in prevalent hemodialysis (HD)
patients is achieved through a base supply in the dialysate during
dialysis treatments.
As of today, most patients are treated with a bicarbonate dialysate
rather than acetate. This dialysate is achieved with a 3-stream method
using a proportioning dual-concentrate system that mixes water with
a base-concentrate and an acid-concentrate. The latter contains an
organic acid, such as sodium diacetate, that is added to prevent insoluble precipitation of calcium carbonate, and that is ultimately converted
to bicarbonate in the liver, thus increasing the total amount of base
in the final dialysate (usually 2-8mEq/L of acetate).2
Dialysate bicarbonate (DBIC) prescription varies significantly around
the world, usually ranging from 30 mEq/L up to 40 mEq/L.3 Average
DBIC is lower in Europe and Japan and is higher in the USA. Additionally, some hemodialysis centers individualize DBIC prescriptions,
whereas others prescribe the same DBIC for all patients.



 CID-BASE BALANCE IN PREVALENT HD
A
PATIENTS

The ideal goal for acid-base management in HD patients is to prescribe a DBIC that corrects metabolic acidosis and prevents predialysis
acidosis, while avoiding postdialysis alkalosis.4

The assessment of acid-base status in prevalent HD patients is
currently based on measurements of predialysis serum total CO2
(TCO2) in venous blood, which includes serum bicarbonate and dissolved CO2 (TCO2 = [HCO3-] + 0.003 x PCO2). Under most conditions,
this means that TCO2 is approximately 1 mEq/L higher than serum
bicarbonate.5 Blood pH and PCO2 are not routinely assessed, so we
can only infer if the patient is acidotic or alkalotic based on serum
bicarbonate.
Although DBIC directly influences predialysis serum bicarbonate,
there are many other important determinants, such as protein intake,
interdialytic weight gain, residual diuresis, time since last dialysis and
the use of sevelamer as a phosphate binder.6–10 Namely, endogenous
acid production in HD patients is largely determined by protein intake.
A typical Western diet includes a significant amount of animal protein
that generates predominantly acidic by-products.6 Indeed, there is
evidence of inverse associations between predialysis serum bicarbonate and several nutritional indicators, such as serum phosphorus,
potassium, urea, creatinine, albumin, body mass index and normalized
protein catabolic rate (nPCR).11–14
Interdialytic water gain is inversely associated with predialysis serum
bicarbonate. An increase in fluid retention between HD treatments
lowers predialysis serum bicarbonate by diluting alkali stores.7 Predialysis serum bicarbonate is also lower at the beginning of the week by
about 1 mEq/L because of longer interval between HD sessions.8 The
use of sevelamer hydrochloride is associated with lower serum bicarbonate,9 whereas sevelamer carbonate has the opposite effect.10
Bicarbonate dialysance behaves differently from urea dialysance. Serum
bicarbonate rapidly increase during the first 2 hours of dialysis and its
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dialysance continuously decays thereafter. This is due to organic acid production induced by the added bicarbonate, which limits further increases
in serum bicarbonate.11 At the end of the dialysis session, serum bicarbonate is usually 4 to 7 mEq/L less than DBIC.15 Park et al.16 showed that
lowering DBIC does not meaningfully reduce organic acid generation.



 ERUM BICARBONATE AND MORTALITY IN HD
S
PATIENTS

Over the last few decades, there has been a trend towards a gradual
increase in serum bicarbonate levels in prevalent HD patients, and
concerns regarding the association between serum bicarbonate, DBIC
and mortality have started to arise.
In 1990, Lowrie and Lew17 first reported a U-shaped relationship
between baseline predialysis serum bicarbonate and mortality, with
a higher risk of death when serum bicarbonate was < 17.5 mEq/L or
> 25 mEq/L. The lowest mortality risk was observed in the 20-22.5
mEq/L range.
In 2004, Bommer et al.18 analyzed data from the Dialysis Outcomes
and Practice Patterns Study (DOPPS) from 1996 to 2001 and confirmed
a U-shaped curve for the association of serum bicarbonate with mortality
and hospitalization. A higher mortality risk was observed for levels of
midweek predialysis serum bicarbonate ≤ 16.0 mEq/L and > 27.0 mEq/L
after adjustment for comorbidities, with the lowest risk for mortality at
levels of 20.1-21.0 mEq/L. However, after adjustment for nutritional
markers, mortality risk became nonsignificant among patients with bicarbonate levels > 27 mEq/L while it remained significantly elevated for
levels ≤ 17.0 mEq/L. The authors also reported a weak, albeit significant,
inverse correlation between predialysis serum bicarbonate and albumin
levels and nPCR. This indicates that a greater acid load from higher protein
intake contributes to a more expressed acidosis and a positive nitrogen
balance contributes to greater serum albumin levels.18
In 2006, Wu et.al.,19 using a DaVita database, studied the association between baseline predialysis serum bicarbonate and 2-year mortality in more than 5000 prevalent HD patients. The lowest unadjusted
mortality was associated with predialysis bicarbonate in the 17 to 23
mEq/L range, whereas values > 23 mEq/L were associated with progressively higher all-cause and cardiovascular death rates. This association, however, reversed after case-mix and malnutrition inflammatory complex syndrome (MICS) multivariable adjustment, so that
bicarbonate values > 22 mEq/L had lower death risk. They also found
inverse associations between predialysis serum bicarbonate and several nutritional indicators, including serum phosphorus, potassium,
and urea levels as well as nPCR.
Fresenius Medical Care North America expressed concern over
high DBIC in an internal memo sent to all its units in 2011.20 It reported
a gradually rising predialysis serum bicarbonate over the years and
an unadjusted odds ratio for cardiopulmonary arrest of 6.3 when
predialysis serum bicarbonate was above 28 mEq/L. It is important
to note that this memo was not peer-reviewed.
In 2013, Tentori et al.3 analyzed the DOPPS database once again,
this time between 2002 and 2011, which included around 17,000 HD
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patients, and examined the relationship of DBIC concentration with
mortality. While no association between mortality and prescribed
DBIC was found in univariable analysis, a slightly (8%) higher mortality
risk among patients prescribed high DBIC after multivariable adjustment was reported. Interestingly, the higher risk in mortality was driven
by an increase in infection-related mortality, and not by cardiovascular
(CV) events, as one might have expected.
In 2015, Yamamoto et al.21 also examined pre and postdialysis pH,
as well as serum bicarbonate and their association with all-cause and
CV mortality in more than 15,000 MHD Japanese patients. Population
analysis showed that patients with a higher predialysis pH had a higher
frequency of CV diseases and lower frequency of diabetes and showed
lower interdialytic weight gain, calcium-phosphorus product, hemoglobin, and nPCR values than patients with a lower predialysis pH. In
an adjusted analysis, they found that only a predialysis pH ≥ 7.40 was
associated with an increased risk for all-cause and CV mortality. As
expected, these patients had a higher predialysis serum bicarbonate,
but they had lower partial pressure of carbon dioxide (pCO2), suggesting some degree of respiratory alkalosis.
Also, in 2015, Chang et al.22 also studied the association of predialysis TCO2 and mortality in a cohort of 1,159 MHD Korean patients.
All-cause mortality was increased in patients with predialysis TCO2 ≥
24mEq/L in an unadjusted and adjusted model when compared to
patients with a lower TCO2. This increased mortality was independent
from nPCR level.



 IGH BICARBONATE AND ADVERSE
H
CARDIOVASCULAR EFFECTS

The association between predialysis serum bicarbonate and CV
disease and mortality remains controversial. There are some deleterious consequences of using a higher DBIC, but the extent to which they
contribute to the increased mortality seen in patients with higher
predialysis serum bicarbonate is not yet clear. As Di Iorio et.al.23
reported, a higher DBIC contributes to an increased QTc interval during
HD session. This occurs mainly because the rise in serum bicarbonate
and correction of metabolic acidosis causes a fall in ionized calcium
and an intracellular uptake of potassium. As such, the effect of a
prolonged QTc is aggravated by a concomitantly low potassium and
calcium dialysate concentration. The QTc interval remains increased
at least four hours post-HD, increasing the risk of arrythmias. The
decrease in serum ionized calcium and potassium caused by high DBIC
may also cause a decrease in peripheral resistance, leading to increased
frequency of symptomatic hypotension. This was reported in 2003 by
Gabutti et al.24 However, Viegas et.al.25 in 2013 showed that a DBIC
of 34 mEq/L had no association with intradialytic hypotension nor
interdialytic weight gain when compared to a DBIC of 30 mEq/L in
MHD patients.
More recently, in 2019, Krahn et al.26 investigated the effects of
acetate-containing bicarbonate-buffered dialysate on frequency of
ventricular arrythmias using a 48-hour Holter monitoring. They concluded that, although higher DBIC was associated with postdialysis
metabolic alkalosis, it had no direct association with ventricular
arrythmias.
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The association between higher DBIC and calcium phosphate precipitation in blood vessels, although plausible, is yet to be studied in
detail. In 1995, Harris and colleagues27 proposed that early correction
of metabolic acidosis at the beginning of dialysis impaired phosphate
clearance by increasing its uptake by erythrocytes and subsequently
reducing phosphate availability for removal by dialysis, which could
be overcome with a modeled-bicarbonate dialysis (lower DBIC in the
beginning of dialysis, gradually increasing until the end). However,
they found no difference in phosphate clearance compared to standard
bicarbonate dialysis.



 HALLENGES IN INTERPRETING SERUM
C
BICARBONATE IN HD PATIENTS

Patel et al.14 found significant variability in monthly serum bicarbonate measurements among patients receiving HD, despite uniform
bicarbonate dialysis prescription. Considering a reference range of
22-26 mEq/L, they reported that approximately 50% of patients with
predialysis serum bicarbonate outside of that range, that would return
to normal in the subsequent month even if the clinician took no action
regarding DBIC, oral bicarbonate supplementation or phosphate binder
prescription. As so, they argue that the decision to alter DBIC should
not be made with a single serum bicarbonate value, and that even a
3-month mean could be insufficient.
Measurement of blood pH and pCO2 would provide additional
useful data. Prevalent HD patients can have a wide range of acid-base
disorders for any given predialysis bicarbonate value.8,21 It is important to note that primary respiratory alkalosis or acidosis cannot be
inferred by serum bicarbonate in chronic HD patients in the absence
of kidney function. These disorders are likely to be associated with
an increase in mortality risk in this population.5 As observed by
Marano and colleagues,8 approximately one-fourth of patients with
serum bicarbonate < 20 mEq/L had pH values > 7.40 due to coexisting
respiratory alkalosis. Conversely, almost half of the patients with
predialysis serum bicarbonate > 25 mEq/L had pH < 7.40 due to a
complicating respiratory acidosis. If the clinician were to alter DBIC
solely based on the serum bicarbonate value, they could be worsening their alkalemia and acidemia, respectively. As such, a complete
assessment of acid-base status should be made before adjusting DBIC
in hemodialysis patients.

The clinician should always first address the patient’s nutritional
status before changing DBIC. In patients with low predialysis serum
bicarbonate, we must measure postdialysis serum bicarbonate to
make sure that alkali is being adequately delivered. If serum bicarbonate increases adequately, the patient’s diet and fluid intake
must be revised. In this case, excessive animal protein and/or fluid
intake should be the cause of low predialysis serum bicarbonate.
Only if this tendency cannot be reversed, should we increase DBIC.
On the other hand, if the patient has high predialysis serum bicarbonate, the priority should be to correct nutritional deficiencies
and search for sources of inflammation, as this is more effective
than reducing DBIC.30,31
Tovbin and Sherman32 proposed a new solution for treating metabolic acidosis while avoiding postdialysis metabolic alkalosis. They
suggest using a variable dialysate bicarbonate, starting with initially
high DBIC levels with a subsequent exponential decline. Further studies
are needed to assess the validity of this method.
Disclosure of potential conflicts of interest: none declared.
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