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HOW TO DEAL WITH ACIDOSIS

Acid-base balance is normally maintained by the renal
excretion of the daily acid load, about 1mEq/kg/day,
derived mostly from the generation of sulphuric acid
during the metabolism of dietary amino-acids. Elimina-
tion of this load is achieved by the urinary excretion of
hydrogen ions, both as titratable acidity and predomi-
nantly as ammonia®. Total ammonium excretion begins
to fall when the GFR drops below 40 to 50ml/min. At
this level ammonium excretion per total GFR is three to
four times above normal, meaning that it accommodates
at the level of each remaining nephron the need for
extra H+ excretion. The retained acid is buffered by bicar-
bonate (Bic) in the extracellular fluid, by tissue buffers
and by bone. The anion gap remains normal until late
stages of CKD, when it begins to widen due to the reten-
tion of anions such as phosphate, sulphate and urate.

In CKD, acidosis is generally mild to moderate, with
a plasma Bic ranging from 12 to 22mEq/L, rarely below
12mEg/L in the absence of an increased exogenous
acid load. Metabolic acidosis, therefore, results from
the imbalance between the whole-body net production
of acid, basically dependent on diet, and acid removal
by the kidney.

ACIDOSIS AIN'T GOOD FOR YOU

In the non-CKD setting, the association between low
serum bicarbonate (acidosis) and eGFR decline is well
established2-3. In the Health ABC study, participants with
anormal eGFR and a serum bicarbonate below 23mEq/L
were at an increased risk of incident (de novo) CKD than
were those with normal serum bicarbonate.
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Regarding life expectancy, an analysis of the Third
National Health and Nutrition Examination Survey
(NHANES Il1) showed that participants with serum bicar-
bonate below 22mEg/L had a 76% higher mortality than
that of those with normal serum bicarbonate, and this
association was not modified by CKD status®. However
in this study systemic pH and PCO2 were not measured,
which isimportant as low serum bicarbonate in persons
with preserved eGFR may not necessarily reflect pri-
mary metabolic acidosis as it does in CKD.

Subsequently, in a secondary analysis of the Health
ABC study, a prospective study looking at well-func-
tioning adults aged 70 to 79 years old, participants
were grouped according to measurements of arterial-
ised venous blood gases into below 23mEqg/L (low), 23
to 28mEq/L (reference group) and higher than 28mEq/L
(high) serum bicarbonate categories, with a mean
follow-up of 10.3 years. Compared to the reference
group, the hazard ratios for mortality were 1.24 for the
low serum bicarbonate group, 1.03 for the high serum
bicarbonate, 1.17 for the metabolic acidosis group, 1.21
for those with respiratory alkalosis and 1.35 for the
metabolic alkalosis group, meaning that low serum
bicarbonate was associated with higher mortality, inde-
pendent of systemic pH and potential confounders®.

Covesdy and colleagues, in a study including 1,240
military veterans with non-dialysis dependent CKD,
showed that those with a serum bicarbonate below
22mEq/L were at a significantly increased risk of mor-
tality than those with a serum bicarbonate of 26 to
29mEq/L (adjusted hazard ratio 1.43)°.

Metabolic acidosis is associated with several negative
consequences’, including tubulointerstitial fibrosis and
kidney damage®, bone demineralization?, increased
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protein catabolism and inflammation, sarcopenialo,
stimulation of the renin-angiotensin system and of
adrenocorticotrophic hormonell, impaired glucose
tolerance, insulin resistance and resistance to growth
hormone and IGF, and accumulation of 2 microglobu-
lin’. Correction of metabolic acidosis with alkali seems
to correct many of these effects!?, although it is uncer-
tain whether it improves survival.

Results from several studies suggest that raising low
serum bicarbonate may improve clinical outcomes in
persons with preserved GFR. However the results also
caution against raising serum bicarbonate too high as
this might increase the mortality risk from metabolic
alkalosis. Targeting a serum bicarbonate concentration
of 24 to 26mEq/L seems reasonable. Chronic metabolic
alkalosis may increase mortality also by inducing vas-
cular calcification13.

BICARBONATE USE FOR PREVENTION
OF CKD PROGRESSION.

As stated above, metabolic acidosis, which com-
monly accompanies CKD, results from several mecha-
nisms, including decreased nephron mass (which
reduces overall ammonia production although increas-
ing its production at each remaining nephron),
decreased proton secretion at the tubular level, and
hyperkalaemia (which suppresses ammoniagenesis).
Metabolic acidosis usually occurs in the early stages of
CKD as an acidosis with a normal anion gap, and then,
as CKD progresses to the advanced stages, patients
present with an elevated anion gap as a result of organic
anions accumulation.

Metabolic acidosis promotes an adaptive increase in
ammonium excreted per nephron, which is associated
with activation of the complement system and of the
renin-angiotensin system, and with increased renal pro-
duction of endothelin 1, and these changes may produce
tubulointerstitial inflammation and chronic damage to
the kidneyl4. However, and in spite of the persistently
positive proton balance, pH and serum bicarbonate
remain stable as bone is also involved in buffering dur-
ing the chronic stages of metabolic acidosis.

Subclinical acidosis may be present in CKD, usually
with normal serum bicarbonate and clinically unappar-
ent acidosis, and it is associated with compensatory
ammoniagenesis and detrimental increases in aldos-
terone and endothelin16:17,

Abramowitz and colleagues, in a single-blinded pilot
study including 20 adult patients with an eGFR of 15
to 45mL/min per 1.73 m2 and a serum bicarbonate of
20 to 24mEq/L, evaluated the effect of treating during
successive 2-week periods with placebo and escalating
doses of oral bicarbonate on handgrip strength and on
a sit-to-stand test (time required to complete 5 and 10
repetitions). The study showed that correction of aci-
dosis by oral bicarbonate administration, leading to an
increase in serum bicarbonate level in the range of 23
to 24mEg/L, had no effect on handgrip strength and
was associated with an improvement in the sit-to-stand
time. After 6 weeks of oral bicarbonate, urinary nitro-
gen excretion decreased. These results were interpret-
ed as oral bicarbonate supplementation reduces pro-
tein catabolism and improves nutritional status and
muscle function18.

In a post hoc analysis of the African American Study
of Kidney Disease and Hypertension (AASK) trial, among
1,094 patients with CKD participating in the study, the
renal outcome, which was a composite outcome,
defined as the occurrence of end-stage renal failure, a
50% decline in GFR, or a reduction in GFR from baseline
of at least 25ml/min, was approximately three times
higher in patients whose serum bicarbonate was lower
than 20mEq/L as compared with those whose serum
bicarbonate was greater than 25mEgq/L1°. After control-
ling for possible confounders, a serum bicarbonate of
28 to 30mEq/L was associated with the lowest risk for
the renal outcome.

Data from a retrospective cohort study which includ-
ed 5,422 CKD patients visiting a medical clinic in the
Bronx, NY from January 2001 to December 2003 and
followed until June 2007, suggested that those patients
with a serum bicarbonate of 22mEq/L or lower, as com-
pared with those patients in the reference group (bicar-
bonate level 25 to 26mEq/L), were at a significantly
increased risk of progression of renal disease (adjusted
hazard ratio 1.54; 95%Cl 1.13 to 2.09)20. In this study,
kidney disease progression was defined as either a
decline in eGFR by 50% or reaching an eGFR of <15mL/
min/1.73m2.

The treatment of metabolic acidosis usually consists
of administration of sodium bicarbonate or of sodium
citrate, typically in a dose of 0.5 to 1mEq/Kg/day. Sodium
citrate should not be administered in patients taking
aluminium-based phosphate binders, as it dramatically
enhances intestinal aluminium absorption. Alternative
treatments are calcium acetate and calcium carbonate,
which are also frequently used as phosphate binders.
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Noteworthy, although sodium chloride and sodium
bicarbonate represent identical sodium loads to the
body, the impact of their use on blood pressure values
and extracellular volume seems to be distinct. For exam-
ple, in dialysis patients oral bicarbonate is not associated
with an increase in inter-dialytic weight gain21:22,

For practical purposes, 1gram of sodium bicarbonate
has 12mEq of sodium and of bicarbonate, and 1mEq
of bicarbonate has 84mg of the salt (sodium bicarbo-
nate). Tolerance to the oral presentations available
(baking soda, Alka-Seltzer©) is poor, and thus there is
usually a low rate of adherence to this therapy, making
recourse to other options, such as sodium carbonate
or citrate, often necessary.

The best data to suggest that bicarbonate supple-
mentation may slow down the progression of CKD
comes from a single-centre trial which included 134
stage 4 CKD patients with metabolic acidosis (Bic 16 to
20mEq/L). Patients were randomly assigned to either
supplementation with oral sodium bicarbonate (600
mg thrice daily increased as necessary to achieve and
maintain a serum bicarbonate level equal to or greater
than 23mmol/L) or standard of care for a 2-year period.
This was an open-label, randomised, prospective, par-
allel-group trial. The principal investigator who enrolled
the patients was blind to group allocations until the
end of the study. The primary endpoints were decline
in renal function (estimated by measured creatinine
clearance) over the follow-up period, number of
patients with a fall in creatinine clearance equal to or
greater than 3mL/min per year, and ESRD. The study
showed that, compared to the control group, patients
receiving sodium bicarbonate supplementation had a
lower decline in creatinine clearance over the 2-year
period (1.88 versus 5.93 mL/min; p<0.0001); were less
likely to experience a fall in creatinine clearance equal
to or greater than 3mL/min per year (9 versus 45%;
relative risk 0.15; 95%Cl 0.06 to 0.40), and fewer devel-
oped ESRD (6.5 versus 33%; relative risk 0.13 95%Cl
0.04 to 0.40). However, this was an open-label trial,
and thus with a high risk of bias!2.

Similar results were observed by Mahajan and col-
leagues?3. The study included 120 patients with hyper-
tensive nephropathy, with an average eGFR of 7516
ml/min/1.73m2 and a serum bicarbonate of at least
24mEq/L, randomly allocated to receive oral bicarbo-
nate 0.5mEq/kg/day (40 patients), oral sodium chloride
0.5mEq/Kg/day (40 patients), or placebo (40 patients),
and were followed for a 5-year period?L. The primary
endpoint was the rate of eGFR decline. Patients who
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received bicarbonate experienced significantly more
favourable slopes of eGFR decline compared with both
the placebo and the sodium chloride groups. Addition-
ally, patients who received bicarbonate showed a
decrease in urinary markers of tubular injury, a reduc-
tion of urine endothelin, and stabilisation of albumi-
nuria, suggesting that renoprotective interventions with
oral alkali therapy could be applied preemptively at
stages when renal adaptive mechanisms are still capa-
ble of maintaining the body’s acid-base balance.

Unfortunately all these trials are single-centre in
nature, of small size, and use different therapeutic
approaches, and it is therefore hard to generalise their
findings.

In conclusion, it is recommended, until further evi-
dence becomes available, that in CKD clinic, patients
are regularly monitored with total CO2 (alkaline reserve)
determinations and treated to a goal of 24 to 26mEq/L,
with the most tolerable form of oral alkalinisation.

ACIDOSIS CORRECTION IN
HAEMODIALYSIS PATIENTS

In the time between dialysis treatments, serum
bicarbonate gradually decreases because of both the
production of endogenous acids (mostly coming from
diet) and the retention of fluid. In contrast to individu-
als with normal renal function, no homeostatic feed-
back loop exists to link acid production to acid excretion
and maintain acid-base equilibrium?2448,

The correction of acidosis in end-stage renal failure
patients on dialysis is achieved by the transfer of sodium
bicarbonate present in high concentration (32 to
38mEq/L) in the dialysate solution to the blood com-
partment, following a steep concentration gradient.
Bicarbonate does not traverse the cell membrane;
therefore its intracellular concentration remains stable
at around 10mEq/L.

The acid concentrate (that contains calcium chlo-
ride), is mixed by the dialysis machine with the base
concentrate (mostly sodium bicarbonate) and water to
obtain the final dialysate solution. This acid concentrate
needs an organic acid in its composition, most com-
monly acetic acid / sodium diacetate 4 to 8mmol/L, to
avoid, once mixed, the insoluble precipitation of cal-
cium carbonate. This acetate anion will be metabolised
to bicarbonate, increasing the total amount of buffer
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in the final dialysate2>. In many haemodialysis units
there is an unrecognised use of a high dialysate buffer
due to a lack of awareness that the small amount of
acetate (usually 6mmol/L) which is usually present in
dialysate, is metabolised and generates additional
bicarbonate in the body?®.

With a bicarbonate dialysate set around 35mmol/L,
the average predialysis serum bicarbonate is highly vari-
able, ranging from less than 17 to more than 27mmol/L.
Bicarbonate typically increases rapidly during the first
2 hours of treatment to subsequently level off and, by
the end the session, serum bicarbonate is about 4 to
7mmol/L below the dialysate bicarbonate26:27.

The reason why post-dialysis serum bicarbonate is
below dialysate bicarbonate level, and not at the same
level as we would expect for a small molecule, likely
results from stimulation of organic acid production
associated with bicarbonate transfer from dialysate to
plasma, thus minimising further increase in serum
bicarbonate2®. Gennari and colleagues showed more
than 20 years ago that the acidaemia of dialysis patients
was relatively resistant to correction by treatment with
a high dialysate bicarbonate, despite the fact that the
amount of bicarbonate being transferred from dialysate
to plasma was estimated as being far in excess of what
was needed to do so. He postulated that an alkalosis-
induced increase in acid generation was responsible;
by minimising intra-dialytic alkalosis, less acid would
be generated and, therefore, the amount of bicarbo-
nate that would need to be transferred to plasma to
correct acidosis would be reduced?3. It is likely that
acidosis can be fully corrected if only limited intra-
dialytic alkalosis is induced by dialysis, which will prob-
ably need some form of variable dialysate bicarbonate
concentration profiling along the course of dialysis
treatment?°.

Along the course of dialysis treatment there is an
unexpected continuous decay of bicarbonate dialy-
sance, and irrespective of the modality used, approxi-
mately the same acid-base parameters are achieved
at the end of the treatment, whether through regular
haemodialysis, high-flux haemodialysis, or online post-
dilution haemodiafiltration2®. Thus bicarbonate dialy-
sance behaves very differently from urea clearance,
even though both solutes have a similar molecular
weight28,

Applying the pharmacological concept of volume of
distribution, a distribution volume for bicarbonate, or
apparent bicarbonate space, is defined as the ratio of

administered bicarbonate to the observed change in
the plasma bicarbonate concentration. The great prob-
lem when dealing with bicarbonate kinetics is to cal-
culate the apparent bicarbonate distribution space and
bicarbonate mass (Bic space x Bic concentration) at the
beginning and at the end of the dialysis session.

Blood pH seems to influence the bicarbonate space.
In an experimental study in dogs, apparent bicarbonate
space was 88% of body weight in acidotic animals, and
50% and 44% in normal and alkalotic dogs, respectively,
showing an inverse correlation between the initial
plasma bicarbonate concentration and the apparent
bicarbonate space. This data confirmed the already
known expansion and contraction of the ABS in meta-
bolic acidosis and in metabolic alkalosis, respectively2°.
Some studies also suggest that there is a positive rela-
tionship between the inter-dialytic weight gain and the
apparent bicarbonate space, as the greater the inter-
dialytic weight (water) gain, the higher the dialysate
bicarbonate concentration required to achieve a normal
acid-base status30. Administered bicarbonate during
dialysis reacts with plasma and extra-plasma acidic
buffers with an estimated space of distribution of 45
and 60%, after 30 and 90 minutes, respectively.

In summary, much more sophisticated computa-
tional models are needed to help us determine the
optimal dialysate bicarbonate.

In this context, where evidence is mostly based on
registries or retrospective studies, the K-DOQI guide-
lines recommend adjusting dialysate bicarbonate to
achieve a pre-HD serum bicarbonate of at least 22mEq/
L3¢ and the European Best Practice Guidelines recom-
mend values between 20 to 22mEq/L37, but the issue
is far from being consensual.

Lefebvre and colleagues, in a small study, randomly
allocated haemodialysis patients to two therapeutic
groups: 10 patients (group A) were dialysed with the
conventional concentration of bicarbonate (33mmol/L)
in dialysate, and 11 patients (group B) had 7 to 15
mmol/L sodium bicarbonate added to the dialysate
to achieve a predialysis plasma bicarbonate of
24mEqg/L. Group A achieved a pre-HD serum bicarbo-
nate of 15.6mEq/L. Compared to the baseline, bone
histology and hyperparathyroidism improved in group
B but not in group A on the biopsies performed 18
months after the start of the study*®. Movilli and col-
leagues, in a small study including 12 patients on
haemodialysis, evaluated the effects of 3 months of
correction of metabolic acidosis by oral bicarbonate
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supplementation on protein catabolic rate (PCR) and
serum albumin concentration. The study had no con-
trol group. Predialysis serum bicarbonate increased
from 19.3+0.6mmol/L to 24.4+1.2mmolL. Serum albu-
min increased from 3.5+0.2 to 3.8+0.3g/dL (p<0.01),
and PCR decreased from 1.1+0.2 to 1.0+0.2g/kg per
day (p<0.001). Authors conclude that, in haemodialy-
sis patients, correction of metabolic acidosis improves
serum albumin concentration and reverses muscle
wasting and weakness*1. Higher dialysate bicarbonate
concentration and base administration improve pro-
tein turnover, nutritional status and the severity of
mineral bone disease124243 while, on the other hand,
there was a suggestion that alkalosis may favour vas-
cular calcification4.

A number of recent epidemiologic studies have sug-
gested that higher bicarbonate dialysate concentrations
or a higher level of achieved serum bicarbonate may
counterintuitively be associated with an increased risk
of death31:3233_ These paradoxical associations may be
another example of reverse epidemiology and stem
from the confounding role of better nutritional status
and higher dietary protein intake, which result in aci-
daemia, but also in improved survival. After standardis-
ing data for comorbidity and the malnutrition-inflam-
mation complex, uncorrected acidosis is associated with
worse outcomes, with adjusted survival rates reduced
when predialysis bicarbonate is below 18mEq/L, as well
as when it is greater than 24mEq/L33:3%45, Thus, our
goal should be to seek the benefits of correcting acidosis
in HD patients, while avoiding the risks of intra-dialytic
alkalosis.

In 1990, Lowrie and colleagues reported in a retro-
spective analysis of 12,000 patients a U-shaped rela-
tionship between baseline serum bicarbonate and all-
cause mortality, with a higher risk of death when serum
bicarbonate was below 17.5 or was greater than
25mEq/L3L. The same U-shaped association between
mortality and serum bicarbonate levels was reported
by Bommer and colleagues in a multivariate analysis
based on 7,000 patients assessed in the DOPPS study,
with worse outcomes when serum bicarbonate was
below 17mEqg/L, or was greater than 27mEqg/L, and a
mild pre-HD acidosis (20 to 21mEq/L) was associated
with better nutritional status and lower mortality. How-
ever, after adjustment for comorbidities, nutritional
factors and dialysis adequacy, the apparent association
between metabolic alkalosis and mortality became
non-significant33. Also in a landmark study, using pro-
spectively a database of 56,000 US haemodialysis
patients followed from 2001 to 2003, in an unadjusted
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analysis, patients who had an acidotic range of serum
bicarbonate (17 to 22mEq/L) exhibited better survival,
while patients who had a normal to alkalotic range of
serum bicarbonate (23 to 27mEq/L) showed an increase
in all-cause and cardiovascular mortality, but these
associations reversed almost entirely after multivariate
adjustments for case-mix and for markers of nutritional
status and inflammation34.

Wu and colleagues, in a study including 56,385 hae-
modialysis patients, found the 2-year mortality rate
was lowest among those whose serum bicarbonate was
in the range of 17 to 19mEq/L; however normal bicar-
bonate concentrations in dialysis patients usually reflect
reduced protein intake and malnutrition, so after con-
trolling their data for markers of poor nutrition, the
authors found that a serum bicarbonate below 22mEq/L
is associated with an increased mortality risk as com-
pared with patients with higher serum bicarbonate
values3°. Thus the apparent pre-dialysis alkalaemia was
likely an indicator of poor protein intake from the
underlying anorexia and infers a poor prognosis.

In the opposite direction Vashista and colleagues
analysed a national cohort of more than 160,000 hae-
modialysis patients between 2001 and 2007, and found
that 40% of the patients had inadequate correction of
metabolic acidosis, with a pre-dialysis serum bicarbo-
nate below 22mEq/L. After adjusting for case-mix and
nutritional and inflammatory markers, a pre-dialysis
bicarbonate level below 24mEq/L was associated with
a higher risk of death irrespective of dialysis modality,
while a serum bicarbonate concentration greater than
25mEq/L was not associated with increased risk of
death?C,

The Nephrocare-Portugal Montijo group (Viegas M
et al, personal communication) conducted a 6-month
prospective trial involving 93 patients treated in-centre
with online haemodiafiltration treatment, comparing
a dialysate bicarbonate concentration of 30 versus
34mEqg/L (to be added to 6 mmol/L of acetate in the
acid component of the dialysate). Average pre- and
post-dialysis serum bicarbonate were 21.1 and
25.3mEq/L, respectively, when dialysate concentration
was 30mEg/L, and 22.7 and 28.0 mEq/L, respectively,
when dialysate concentration was 34mEq/L. Post-dial-
ysis, 51% of patients on the higher dialysate bicarbonate
concentration had alkalosis, while none in the lower
dialysate bicarbonate concentration had alkalosis. Fol-
lowing these results, the authors adopted the lower
dialysate bicarbonate concentration as the standard
concentration in the Unit.
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We recently conducted a cross-section survey, in
another of our NephroCare-Portugal Units, measuring
arterialised blood gases plus electrolytes at time 0, 15,
30, 60 and 240 minutes of dialysis treatment time, in
186 patients treated by online haemodiafiltration (olH-
DF), using a dialysate bicarbonate concentration of 32
+6 mEg/L and a potassium concentration (K) of 2mEq/L.

Figure 1 shows the average intra-dialytic progression
of serum bicarbonate, pH and potassium, and Figure
2 shows the distribution of serum bicarbonate values
pre- and post-dialysis.

Figure 1

Average intra-dialytic progression of blood bicarbonate, pH and potassium

Figure 2

Distribution of blood bicarbonate values pre- and post-dialysis
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We confirmed a wide variation of pre- and post-
dialysis acid-base status, with many patients already
alkalotic and hypokalaemic at the beginning of dialy-
sis. A close association between higher serum bicar-
bonate levels and lower serum K levels was also
noted, with a quick rebound of serum K within the
first hours post-treatment, as seen in Figure 3. We
did not find any relationship between these findings
and any consistent clinical manifestations (internal
unpublished data).

Figure 3

Potassium intra-dialytic drop and post-dialysis rebound
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In November 2011, Fresenius M.C. North America
sent an internal memo to all its units, stating that the
total buffer that patients were receiving could be under-
estimated, and that the average pre-dialysis serum
bicarbonate rose over time from 22.9mEq/L in 2004 to
24.1mEqg/L in 2011, with 15% of all patients above
28mEq/L, and that an internal analysis indicated an
unadjusted odds ratio for cardiopulmonary arrest of
6.3 with pre-dialysis serum bicarbonate above 28mEq/L,
recommending a reduction in dialysate bicarbonate
concentration whenever pre-dialysis serum bicarbonate
was higher than 24mEq/L.

Two recent studies concurred with this concern. In
the first study, Tentori and colleagues, using DOPPS
data, published an international prospective cohort
study in 17,031 patients from 11 countries, and showed
a positive association between dialysate bicarbonate
concentration and all-cause mortality, with a 9% higher
mortality risk per each 4 mEqg/L increase in dialysate
bicarbonate®l. The second study, an observational
study from the Japanese Society of Dialysis Therapy,
enrolling 15,132 patients, found that a pH greater than
7.40 was the only pre-dialysis factor associated with a
significantly increased risk of all-cause and cardiovas-
cular mortality®2. A question raised by the authors was
whether the distinct mortality rates observed among
countries could be due to differences in the usual
dialysate bicarbonate concentration used (around
38mEqg/L in the US, 34mEq/L in Europe and 30mEqg/L
in Japan)®3.

The main adverse effects associated with a high
dialysate bicarbonate concentration in patients treated
by haemodialysis are the following®3: a) Excess genera-
tion of CO2, requiring an increase in minute ventilation,
hard to cope with in chronic respiratory failure patients;
b) Fall in ionised calcium, and a drop in serum potas-
sium both by removal to the dialysate and by rapid the
shift from extracellular to the intracellular space associ-
ated with the fast correction of acidosis; c) Arrhythmias,
as a sudden increase in serum bicarbonate and a drop
in serum K and ionised calcium induces a QT-interval
prolongation, which persists long-time after the end
of dialysis session; d) Haemodynamic instability, as the
electrolyte changes described earlier may cause a
decrease in peripheral vascular resistance and the
occurrence of hypotension38:39:47; e) Calcium phos-
phate precipitation in the vascular wall.

In conclusion, metabolic alkalosis is probably as

harmful as metabolic acidosis, but before embarking
on manipulating dialysate bicarbonate concentration
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we must know whether the level of pH and serum
bicarbonate are the causes of morbidity and mortality
or simply a marker of other factors responsible for those
outcomes. It is suggested that the ideal level for pre-
dialysis serum bicarbonate is somewhere between 18
and 23mEq/L, which typically represents a metabolic
acidosis, although we must be aware that pre-dialysis
determinations are the nadir value for each patient.
We must pay special attention to values of serum bicar-
bonate below 18mEq/I or above 27mEq/L.

As final recommendations, which are mostly opinion-
based, we suggest that for patients with low pre-dialysis
serum bicarbonate values, we must ensure that alkali
was indeed delivered, measuring post-dialysis serum
bicarbonate. If serum bicarbonate increased normally
during the treatment, patient’s diet and fluid intake
should be assessed as excess protein intake or fluid
retention are probably the cause of low pre-dialysis
serum bicarbonate, and, if this is the case, only if we
cannot reverse this trend should we then increase
dialysate bicarbonate concentration. On the other
hand, for patients with high pre-dialysis serum bicar-
bonate, the first priority should be to correct nutritional
deficiencies, which is usually more effective than reduc-
ing dialysate bicarbonate concentration26:35.54,
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