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ABSTRACT

Background. In critically ill patients, acid-base disorders are common before start of continuous renal replacement
therapy. The aim of this study was to determine the influence of a high bicarbonate replacement fluid (30 mmol/L,
Phoxilium®) on underlying acid-base disturbances.

Methods. This single-center retrospective study included patients treated with continuous veno-venous hemofiltration
(CVVH) at a medical ICU from January 2018 to May 2019. All patients received CVVH with regional citrate anticoagulation
(RCA) and a high bicarbonate RF (Phoxilium®). Patients were categorized based on their initial pH. Acid-base parameters
were closely monitored over 72 h at pre-specified intervals.

Results. The study included 64 patients with a median age of 68 years. At the start of CVVH, 56.3% (n = 36) had acidemia,
12.5% (n = 8) had alkalemia and 32.3% (n = 20) had a normal pH. The median pH of patients with acidemia [0 h: 7.28
(interquartile range 7.23-7.33)] was corrected quickly to the normal range within 8 h [7.36 (interquartile range 7.29-7.4)].
The median pH of patients with alkalemia took longer (48 h) to reach normal values and patients with a normal pH
showed a further pH increase within the normal range over the 72 h. All patients showed an increasing bicarbonate and
base excess from 24 to 72 h.

Conclusions. The RF in CVVH with RCA appears to be one of several factors influencing acid-base balance. Patients with
different pre-existing acid-base disorders showed distinct correction kinetics. Prospective studies are needed to
determine the clinical relevance of these findings and to optimize RF composition for better patient outcomes.
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GRAPHICAL ABSTRACT
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The aim of this study was to determine the influence of a high bicarbonate replacement fluid
(30 mmol/|, Phoxilium®) on underlying acid-base disturbances.
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Conclusion: RF in CVVH with RCA appears to be one of several factors Mayerhéfer, T. & Joannidis, M.
influencing acid-base balance. High-bicarbonate RFs can correct acidemia Clinical Kidney Journal (2025)
quickly but may lead to increasing bicarbonate in all patients treated with CRRT. @CKlsocial
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KEY LEARNINGS POINTS

What was known:

e Acid-base disorders are common in critically ill patients requiring continuous renal replacement therapy (CRRT).

e High bicarbonate replacement fluids (RF) can potentially correct acidemia, but their wider effects on acid-base parameters
over time are unknown.

e The clinical relevance of different bicarbonate RF remains unclear, and studies are needed to optimize RF selection.

This study adds:

e High bicarbonate RF (30 mmol/L) rapidly corrects acidemia in patients undergoing continuous veno-venous hemofiltration
(CVVH) with regional citrate anticoagulation (RCA, 8 h).

e All groups show a further increase in bicarbonate and base excess after correction.

e High bicarbonate RFs may induce elevated bicarbonate levels, highlighting the need for an individualized approach to RF
composition.

Potential impact:

e During CVVH with RCA with a high bicarbonate RF clinicians should closely monitor bicarbonate levels to avoid overcorrec-
tion.

e These findings support the need for further investigation into the complex influence of RF on acid-base disturbances in
CVVH.




INTRODUCTION

Acute kidney injury (AKI) is common in critically ill patients and
is associated with increased mortality. Some patients require
renal replacement therapy (RRT) to manage its complications
[1]. In most intensive care units (ICU) RRT is delivered as inter-
mittent haemodialysis or continuous renal replacement therapy
(CRRT) [2].

Although no study has shown a survival benefit, CRRT does
have some advantages, such as higher mean arterial pressure
during therapy [3]. Therefore, continuous techniques are com-
monly used in critically ill, especially those with hemodynamic
instability [4, 5].

Continuous techniques can be performed as convection
(hemofiltration), diffusion (hemodialysis) or the combination of
both (hemodiafiltration) [3]. Hemofiltration and hemodiafiltra-
tion techniques require a replacement fluid (RF) to replace the
filtrate produced during the process. The evidence regarding the
composition of these RFs is little and in the beginning of CRRT
dialysates or dialysate-like fluids were used as RFs. Commer-
cial RFs that are now available mainly attempt to mimic phys-
iological electrolyte concentrations and require a buffer anion,
as bicarbonate is lost during the filtration process (4). Conse-
quently, the first available RFs contained relatively high con-
centrations of bicarbonate (5). In Europe, Phoxilium® is a reg-
istered RF for continuous veno-venous haemofiltration (CVVH)
and contains 30 mmol/L of bicarbonate. The use of bicarbon-
ate in the critically ill patient with severe acidemia is contro-
versial [6, 7]. For patients receiving CRRT a cohort study could
even demonstrate an association between high bicarbonate con-
centration and mortality [8]. In addition, the increasing use
of regional citrate anticoagulation (RCA) as recommended by
the Kidney Disease: Improving Global Outcomes (KDIGO) guide-
lines [9], which involves the systemic metabolism of citrate to
bicarbonate in the liver [10], reduces the necessity to deliver
additional bicarbonate via the RF. Citrate is a weak acid with
a minimal theoretical acidifying effect. However, when bound
to ionized calcium, these complexes are rapidly metabolized
and cleared from the bloodstream. According to the Stewart
approach, blood pH is primarily influenced by three factors:
PaCO,, strong ion difference (SID) and weak acids. Some citrate
solutions contain high sodium concentrations (with trisodium
citrate) and impact acid-base balance by increasing the SID. As
a result, the overall effect of citrate metabolism leads to plasma
alkalinization [11].

Metabolic disorders in general are common before start of
CRRT in the ICU. Acidemia is a frequent condition in critically
ill patients with AKI [12]. However, there are also some patients
who experience alkalemia before the start of RRT [13, 14]. The
composition of RFs may interfere with acid-base parameters,
particularly in patients with metabolic disorders.

Therefore, our aim was to investigate the trends of metabolic
parameters in patients with acidemia, alkalemia, or a normal pH
after the start of RRT for the first 72 h.

MATERIALS AND METHODS
Study design, setting and patients

This is a single-center retrospective study including patients
treated with CVVH at the medical ICU in Innsbruck, who were
admitted to ICU between January 2018 and April 2019. All pa-
tients were treated exclusively with CVVH using RCA during
the study period. Management of RRT in our ICU has been
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described previously [15]. In short, RF was administered post-
filter at a rate aimed to achieve 25 mL/kg/h, including pre-filter
citrate solution. RCA was performed with a pre-filter infusion
of Regiocit® (prismocitrate 18/0, Gambro Lundia AB, Sweden).
Calcium replacement consisted of a customized Ca?* solution
(calcium chloride 500 mmol/L, with or without magnesium chlo-
ride 250 mmol/L) infused post-filter via a separate central ve-
nous line. Table 1 shows the composition of the different solu-
tions used in our CVVH circuit.

Haemofiltration circuits were changed as needed according
to clinical routine at latest after 72 h. CVVH was performed us-
ing the Baxter PrismafleX® eXeed system according to the man-
ufacturer’s protocol and local standard operating procedures.

Inclusion criteria were as follows: individuals (i) aged 18 years
or older, (ii) admitted to the ICU and (iii) deemed by the attending
physician to require CVVH. Patients were only included while
CVVH was performed using Phoxilium®.

Patients were excluded (i) if they had previously received RRT
during the current hospitalization, (i) if dialysis-dependent end-
stage renal disease was present, or (iii) if there was incomplete
documentation of CVVH data sheets. Patients (iv) with CVVH
treatment duration less than 48 h and (v) if CVVH therapy was
not started with Phoxilium were also excluded, to ensure a com-
parable exposure to the therapy (Supplementary data, Fig. S1).

The study was approved by the local ethic committee of the
Medical University Innsbruck (Nr 1353/2022) and was performed
in accordance with the Declaration of Helsinki and the European
Data Policy.

Definitions and data collection

Patient characteristics, clinical information and longitudinal
laboratory parameters were extracted from the medical records,
that were obtained during clinical routine. CVVH settings were
obtained from CVVH data sheets completed during treatment.
Acid-base parameters were extracted from the blood gas analy-
sis at the beginning of the CVVH treatment and every 4 h during
the first 24 h (O h,4 h,8h, 12 h, 16 h, 20 h, 24 h) and thereafter
every 8h (32 h,40h, 48 h, 56 h, 64 h, 72 h). Patients were followed
for a maximum of 72 h, until an interruption of at least 12 h
after reaching 48 h of CVVH, until RFs were switched to a low-
bicarbonate solution, termination of CVVH or death, whichever
occurred first. Patients were stratified according to the pH at the
beginning of CVVH (normal pH: 7.35-7.45; acidemia: <7.35; al-
kalemia: >7.45). The primary outcome is the dynamic trend of
pH during the 72 h of CVVH between the above-mentioned in-
tervals. The SID was calculated to assess the acid-base balance
based on the Stewart approach. SID represents the difference be-
tween strong cations and strong anions in plasma and was com-
puted using the following equation:

SID = (Na* + K* 4 Ca*" + Mg**) — (Cl~ + Lactate™).

SID was calculated at specific time points (0 h, 24 h, 48 h, 72 h)
for each patient.

Statistical analysis

Categorical variables are presented as numbers with corre-
sponding percentages and continuous variables are presented
as median with interquartile range (IQR). Normal distribution of
continuous data was checked with the Shapiro-Wilk test. Nor-
mally distributed data was compared using a two-sample t-test.
Non-normally distributed data were compared using the Mann-
Whitney U test, Kruskal-Wallis test or the x2-test.
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Table 1: Composition of solutions used during CVVH.

Na™ K+ Cl- Caz*t Mg?* HCO3~ Citrate
Solution (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
Phoxilium® 140 4 115.9 1.25 0.6 30 0
Regiocit® 18/0 140 0 86 0 0 0 18
Calcium solution 0 0 1000 500 0 0 0

HCO;~, bicarbonate.

Table 2a: Patient characteristics of the overall cohort.

Table 2b: Baseline laboratory parameters of the overall cohort.

Overall Overall
N (%) 64 N (%) 64
Sex, female/male, n (%) 21/43 (32.8/67.2) Creatinine, mg/dL 2.8 (2.2-3.9)
Age at ICU admission, years 68 (57-76) Cystatin C, mg/L 3.5 (2.7-4.9)
Comorbidities pH 7.35 (7.27-7.40)
Diabetes, n (%) 23 (35.9) HCO;~, mmol/L 20 (17-22)
COPD, n (%) 9 (14.1) Base excess, mmol/L -5.7 (-9.4 to -2.0)
Immunosuppression, n (%) 9 (14.1) pCO,, mmHg 36.2 (28-45.5)
Chronic heart failure, n (%) 24 (37.5) Anion gap, mmol/L 15.0 (12.2-18.1)
Liver disease, n (%) 18 (28.1) Lactate, mg/dL 13.5 (8-22)
Chronic kidney disease, n (%) 25(39.1) Sodium, mmol/L 139.5 (135-144.3)
Long-term oxygen therapy, n (%) 3(4.7) Potassium, mmol/L 4.3 (3.9-4.8)
BMI, kg/m? 25 (23-30) Calcium, mmol/L 1.08 (0.99-1.18)
SAPS 3, median (IQR) 76 (66-87) Chloride, mmol/L 109 (105-115)
Respiratory status Osmolarity, mmol/kg 286 (279-299)
Mechanical ventilation, n (%) 42 (65.6) Urea, mg/dL 148 (103-202

Data are presented as median (IQR) or n (%).
COPD, chronic obstructive pulmonary disease; BMI, body mass index.

We calculated the median values of the the metabolic pa-
rameters for each timepoint and used a locally estimated scat-
terplot smoothing (LOESS) to smooth time trends of these val-
ues for each group (alkalotic, acidotic and normal pH). LOESS is
a non-parametric regression method that models non-linear re-
lationships by fitting multiple localized regressions across the
data. The span (parameter alpha), which controls the degree of
smoothing, was set at 0.75 and graphs are presented with 95%
confidence intervals. Boxplots were used to visualize the dis-
tribution of key laboratory parameters across predefined time-
points (0 h, 24 h, 48 h, and 72 h). Box plots were used to visualize
the distribution of the SID and other metabolic parameters at
specific time points (0 h, 24 h, 48 h, 72 h). These plots display the
median and IQR, and potential outliers.

A P-value <.05 was considered statistically significant and
all statistical tests were two-sided. Statistical analysis was per-
formed using R Software (4.4.0).

RESULTS
Patients

In total 64 patients were included in this analysis; a patient
flowchart is provided in the Supplementary data, Fig. S1. Pa-
tient characteristics and laboratory parameters at initiation of
RRT are presented in Tables 2a and 2b. Baseline characteristics
stratified by the initial pH at the start of CVVH are provided in
the Supplementary data, Tables Sla and S1b. The median age
of the overall cohort was 68 years (IQR 57-76 years). Patients
were predominantly male with 67.2% (n = 43). Chronic kidney
disease was the most common comorbidity with 39.1% (n = 25).
Chronic heart failure was present in 37.5% (n = 24) and 35.9%

Phosphate, mmol/L
Albumin, mg/dL

1.73 (1.46-2.03)
2426 (1872-2973)

Data are presented as median (IQR) or n (%).
HCO;~, bicarbonate.

(n = 23) of the patients had diabetes. No patients with chronic
obstructive pulmonary disease were observed in the alkalemia
group (n = 0) compared with the acidemia (n = 8) and normal pH
group (n = 1). Other comorbidities were relatively similar across
groups, with no statistically significant differences in their fre-
quency (Supplementary data, Table S1a).

The median Simplified Acute Physiology Score 3 (SAPS 3) at
admission was 76 (IQR 66-87). The SAPS 3 was higher in patients
with acidemia (acidemia: 79 vs alkalemia: 69 vs normal pH: 74),
although this difference did not reach statistical significance.

In total, 65.6% required mechanical ventilation (n = 42), with
more patients in the acidemia and normal pH group (acidemia:
67%; normal pH: 80%) than in the alkalemia group (25%).

Laboratory parameters at start of RRT

All baseline laboratory parameters, except for acid-base param-
eters, were comparable among the three groups at the initiation
of RRT (Supplementary data, Table S1b).

The median serum creatinine was 2.8 mg/dL (IQR 2.2-3.9) and
the median cystatin C was 3.5 mg/L (IQR 2.7-4.9). There were no
significant differences between the groups. The same was true
for serum urea, lactate levels and the calculated anion gap as
well as for sodium, potassium, chloride, calcium and phosphate
(Supplementary data, Table S1b).

Serum bicarbonate was significantly lower in patients with
acidemia [17.1 mmol/L (IQR 13.5-20.6), P < .001] compared with
patients with alkalemia [22.3 mmol/L (IQR 20.1-26.9)] or normal
PH [22.1 mmol/L (IQR 20-23.9)]. At the start of RRT, pCO, tended
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to be lower in patients in the alkalemia group [28 mmHg (IQR
24-35)] compared with those with acidemia [37 mmHg (IQR 26—
48)] or normal pH [36 mmHg (IQR 30-39)] but this did not reach
statistical significance. The calculated anion gap and lactate lev-
els were not significantly different between groups (Table 2b,
Supplementary data, Table S1b).

CVVH settings

CVVH machine settings were comparable across the three
groups (Table 3). The median treatment time was significantly
longer in patients with acidemia [234 h (IQR 113-368)] compared
with patients with alkalemia [103 h (IQR 66-189)] and a normal
PH [113 h (IQR 73-243], P = .041, Table 4]. Details on the adjust-
ments to CVVH settings after 48 h are available in Table 3. No
significant differences were observed. Blood flow was slightly re-
duced in patients with alkalemia after 48 h (0 h: 130 mL/min;
48 h: 125 mL/min).

Course of metabolic parameters during RRT

At the initiation of CRRT most patients had an acidemia with
36 (56.3%), compared with 8 (12.5%) patients with an alkalemia
and 20 (32.3%) patients with a normal pH (Supplementary data,
Table S1b). Figures 1 and 2A-E illustrate the course of acid-
base parameters following the initiation of RRT over time. While
the median pH of patients with an acidemia at the beginning
of treatment reached and stayed within a normal range af-
ter 8 h, a normal median pH was reached and sustained af-
ter 48 h in the alkalemia group after start of RRT (see Fig. 1,
red and green line, Supplementary data, Table S2). Patients with
a normal pH (Fig. 1, blue line) experienced a further slight in-
crease of pH over 72 h but remained within the normal range.
The bicarbonate levels and the base excess increased in all
patients (Supplementary data, Fig. S2), with the greatest in-
crease in patients with acidemia (Fig. 2A and B). Conversely the
chloride and sodium levels decreased in all patients over time
(Supplementary data, Fig. S2). The SID over time is shown in
Supplementary data, Fig. S3 and showed a trend towards higher
values over time.

During the period from 24 to 72 h, all groups showed a
steady increase in pCO, levels (Fig. 2C, Supplementary data,
Fig. S2). Conversely, the calculated anion gap (including
potassium) showed a decrease over the observed period (Fig. 2E).
Lactate levels varied considerably across all groups (Fig. 2D).

Mortality

Median ICU and hospital length of stay was longer in patients
with acidemia (ICU: 15 days; hospital: 32 days) and normal pH
(ICU: 15 days; hospital: 29 days) compared with patients with
alkalemia (ICU: 10 days; hospital: 13 days).

Overall hospital mortality was 56.2% (n = 36). Hospital mor-
tality was higher in patients with alkalemia (75%, n = 6) com-
pared with patients with acidemia (50%, n = 18) or a normal pH
(60%, n = 12), but the differences were not statistically signifi-
cant.

DISCUSSION

Acid-base disturbances are common in critically ill patients un-
dergoing CRRT, yet evidence on the composition of RFs and their
impact on acid-base balance remains limited. In our cohort, me-
dian pH normalized quickly after 8 h for patients with acidemia.

HCO3™ RF and pH normalization in CVVH with RCA

Table 3: CVVH settings at initiation and after 48 h for patients stratified by pH at start of RRT.

Normal pH

Alkalemia

Acidemia

Overall

48 h

48 h Oh 48 h Oh 48 h Oh

Oh

Timepoint

1200 (1200-1225) 1200 (1200-1300) 1300 (1200-1300) 1250 (1200-1300) 1200 (1200-1200) 1200 (1200-1285)

1200 (1200-1300)

1200 (1200.00-1300)

Pre-dilution pre-blood

pump fluid

(Prismocitrate™), mL/h
Substitution rate, mL/h
Fluid removal, mL/h
Blood flow, mL/min

800 (800-1000) 800 (775-800) 800 (800-850) 800 (700-800) 800 (700-800)
~100 (138 to -75) -100 (175 to -88)

~100 (~200 to ~100)

800 (800-1000)
-50 (~150 to 0)

800 (800-1000)

~100 (200 to ~100)

800 (800-800)
-50.00 (<110 to 0)

~100 (~100 to 0)
120 (120-120)

0 (0-0)
130 (125-130)

120 (120-123)

125 (120-130)

120 (120-130) 120 (120-130) 120 (120-130)

120 (120-130)

3(3-3)
2.7 (2.3-3)
103 (94-105)

3(3-3)

1.8 (1.6-2)

3(3-3)
2.4 (1.8-3.2)

3 (3-3) 3(3-3) 3(3-3) 3 (3-3)
2.8 (2.3-2.3) 1.8 (1.7-2)
95 (78-115)

2.8 (2.3-3.2)
105 (90-110)

3(3-3)

Citrate dose, mmol/L

1.7 (1.5-2)

(1.5-2)
78 (70-80)

1.7

Calcium dose, mmol/h

80 (70-81)

105 (90-115) 75 (70-80)

70 (70-80)

Calcium substitution, %

Data are presented as median (IQR).
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Table 4: CVVH duration, length of stay and mortality of patients stratified by pH at start of RRT.

Overall Acidemia Alkalemia Normal pH P
CVVH duration 177 (74-344) 234 (113-368) 103 (66-189) 113 (73-243) .041
ICU LOS, days 15 (9-24) 15 (8-23) 10 (8-20) 15 (11-26) .504
Hospital LOS, days 29 (18-43) 32 (18-45) 13 (11-33) 29 (27-41) .259
ICU mortality, n (%) 27 (42.2) 14 (38.9) 5 (62.5) 8 (40) 460
Hospital mortality, n (%) 36 (56.2) 18 (50) 6 (75) 12 (60) 401
Data are presented as median (IQR) or n (%).
LOS, length of stay.
pH Group — Acidemia — Alkalemia — normal pH
7.50 1 : .
7.451
7.40 1
I
[=%
7.351
7.30 1
7.254

T T T T T T

0 4 8 12 16 20

24 32 40 48 56 64 72

Time (h)

Figure 1: Course of pH in CVVH patients with RCA and a high bicarbonate RF over time (h) stratified by pH at start of RRT.

Over 72 h, all patients showed a trend towards elevated bicar-
bonate levels and base excess. Our results reveal different dy-
namics in the rate of correction of acid-base disturbances and
underscore the importance of the choice of RF in CVVH for crit-
ically ill patients.

Continuous delivery of RRT has become the standard-of-care
in ICUs, as recommended by the KDIGO guidelines [5]. When us-
ing CVVH, a RF is required to substitute for intracorporeal losses
(fluid, electrolytes etc.) due to the extracted ultrafiltrate. Initially,
when the use of continuous methods for RRT became more com-
mon, there were no specific RFs available for critically ill patients
and their individual needs. As a result, early studies on RFs fo-
cused on their electrolyte composition, e.g. phosphate [16-18].
All RFs used in these studies contain relatively high bicarbonate
concentrations as they were developed for heparin anticoagula-
tion during CRRT. With the introduction of RCA and its benefits,
such as an extended filter-life (9), high bicarbonate concentra-
tions in these RFs may no longer be necessary, as citrate is me-
tabolized to bicarbonate mainly in the liver.

Time to normalization in patients with acidemia

In our study, most patients presented with acidemia at the ini-
tiation of CVVH, which is consistent with large interventional
RRT trials [19, 20]. Correction of acidemia occurred rapidly, after
8h (7.36,IQR 7.29-7.4) the median pH reached the normal range.
The mechanism behind this fast correction is likely multifacto-
rial, involving the direct buffering effect of bicarbonate and the
removal of acidotic components by CRRT in general. Few stud-
ies have investigated the complex influence of CRRT on acid-
base balance. In 2003, Rocktéschel et al. demonstrated acidemia
correction during CVVH after 24 h [21]. In their study, heparin
anticoagulation and lactate buffered RFs were used. Therefore,
the use of a high bicarbonate concentration RF together with the
use of RCA in this study may be responsible for the observed
difference in the time to normalization of the pH in acidotic pa-
tients. However, it remains unclear whether this faster correc-
tion would translate into improved outcomes.

Only a small fraction of our patients presented with alka-
lemia at the initiation of CRRT. Notably, the combination of



HCO3~ RF and pH normalization in CVVH with RCA | 7

ph_group — Acidemia — Alkalemia == normal pH

z

28 1

HCO3 [mmol/L]
n
B

N
o
i

12 16 20 24 32 40 48 56 64 72
Time (h)

pCO2 [mmHg]
W
w

301

254

B)

BE [mmol/L]

-10 1

12 16 20 24 32 40 48
Time (h)

[
S
®

0 4 8 12 16 20 24 32 40 48 56 64 72

Time (h)

AG [mmol/L]

ok
n
i

101

8 12 16 20 24 32 40 48 56 64 72
Time (h)

0 4

12 16 20 24 32 40
Time (h)

48

Figure 2: Course of bicarbonate (HCO;") (A), base excess (B), pCO, (C), lactate (D) and anion gap (E) in CVVH patients with RCA and a high bicarbonate RF over time (h)

stratified by pH at start of RRT.

normal bicarbonate levels and reduced pCO, suggests a pre-
dominantly respiratory origin for the alkalosis in these cases.
As expected, pH correction was delayed in this group (48 h).
Our mortality analysis showed a trend toward higher, albeit
not statistically significant in patients with alkalosis compared
with patients with acidosis or normal pH. It remains uncertain
whether the additional bicarbonate load from the RF exacer-
bates metabolic alkalosis, potentially impairing oxygen delivery

and cellular function. However, the small sample size and the
lack of respiratory data limit a more definitive conclusion about
the role of the RF in these patients.

Steady-state conditions

Interestingly, all patients showed a continuous upward trend
even after normalization over the 72-h period towards a
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metabolic alkalosis with elevated bicarbonate and base excess
compared with the baseline. However, this was offset by an in-
crease on pCO, and, thus, the majority of patients maintained
their pH within the normal range.

Some citrate solutions have a relatively high sodium concen-
tration and can contribute to plasma alkalinization by increas-
ing the SID. However, unlike high-sodium citrate solutions, we
used Regiocit® (Prismocitrate 18/0), which contains 140 mmol/L
of sodium, minimizing this effect. This is supported by our
findings that sodium levels decreased over time in our cohort
(Supplementary data, Fig. S2). Despite this, SID showed a slight
increase over time, which may be explained by the progressive
decline in chloride levels (Supplementary data, Fig. S2). Interest-
ingly, this was seen despite the use of a chloride-rich solution
such as Phoxilium® used for post-filter substitution. We believe
that this can be explained by several factors. First, Regiocit® ad-
ministered in predilution, contains only 86 mmol/L of chloride
and was infused at a higher rate than the post-filter substitution
fluid Phoxilium®, which may have contributed to a relative chlo-
ride depletion. Second, chloride clearance may have been en-
hanced due to the Gibbs-Donnan effect, as has also been shown
for CVVH in a recent study [22].

Finally, solute clearance during CVVH occurs from the
plasma water compartment, where the effective chloride con-
centration is higher than the measured plasma concentration
due to plasma being approximately 93% water. This may result
in greater chloride clearance than anticipated.

Our findings are similar to the study by Rocktdschel et al.
describing that CVVH corrects acidemia. However, their study
reported alkalemia at 72 h [21], which could be attributed to the
use of a lactate buffer with a concentration of 46 mmol/L and
heparin anticoagulation, in contrast to our study, which used
a 30 mmol/L bicarbonate solution with RCA. We cannot rule
out that patients developed metabolic alkalemia after the study
period of 72 h. In addition, while patients might develop an
alkalemia, its impact on outcomes remains unclear. An obser-
vational study from 2008 of 405 patients on bicarbonate based
continuous haemodialysis, found no association between alka-
lemia and increased mortality [23]. However, in 2017 Kashani et
al. [8] suggested a potential negative impact on mortality with
higher bicarbonate solutions (32 mmol/L vs 22 mmol/L) during
CVVH with RCA.

These studies highlight the importance of RF composition
and reinforce the findings of our study. The occurrence of alka-
lemia appears to be a common issue during CVVH, and switch-
ing to the currently available low-bicarbonate RFs has been
shown to reduce bicarbonate levels [15]. It remains to be de-
termined whether, in addition to other possible interventions
like reducing the citrate dose or the blood flow, the use of dif-
ferent solutions would improve acid-base control and clinical
outcomes.

Strengths and limitations

The main strengths of this study are the availability of longitu-
dinal acid-base parameters over a period of 72 h, the compa-
rability of the study population due to the use of clear inclu-
sion and exclusion criteria and a standardized CVVH with RCA
treatment protocol in all patients. The consistent CVVH settings
across groups and over time further reinforce the robustness of
our findings, minimizing the potential confounding effects of
varying treatment protocols. Furthermore, this is not only the
first study to investigate the influence of high bicarbonate RFs

on acid-base balance after initiation of RRT, but also one of the
the largest studies on this subject.

Citrate accumulation, though rare, remains an important
consideration in citrate-based therapies [23]. In our cohort, cal-
cium infusion rates remained stable throughout treatment, and
no clinical or biochemical markers indicative of citrate accumu-
lation were observed. While we did not detect citrate accumu-
lation during the 72-h study period, we cannot exclude the pos-
sibility that it may have occurred later during prolonged CVVH.
The main limitations arise from the observational, retrospective
design of our study. Because some important variables, such as
ventilator settings, were not available, we could not consider the
possible associated effects on acid-base balance. In addition, the
sample size, especially in patients with alkalemia, does not al-
low for definitive conclusions regarding clinical outcomes.

CONCLUSION

The choice of RF during CVVH with RCA appears to be one of sev-
eral factors influencing acid-base status in critically ill patients.
Our findings suggest that patients with different acid-base dis-
orders at the start of CRRT exhibit distinct correction kinetics
when treated with high bicarbonate RF. Whether the choice of RF
translates into better clinical outcomes remains unclear. Further
prospective studies are needed to directly compare different RF
compositions and better understand their impact on acid-base
balance and patient outcomes.

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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