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1  | INTRODUC TION

Hyponatremia is a common condition in critically ill patients 
with an incidence of 13%-17% and is associated with increased 
mortality in intensive care unit (ICU) patients.1,2 Furthermore, 

excessively high correction rate of plasma sodium concentra-
tion is associated with increased mortality and central pon-
tine myelinolysis and the current guidelines, thus, recommend 
the correction rate of 4-8  mmol/L/24  h in the management of 
hyponatremia.3-5
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Background: The safety of continuous veno-venous hemodialysis (CVVHD) with 
citrate-calcium anticoagulation for acute kidney injury (AKI) with coincident hypona-
tremia remains unclear. We aimed to explore the feasibility of CVVHD with stand-
ard dialysate and citrate-calcium anticoagulation in hyponatremic critically ill AKI 
patients.
Methods: Thirty-seven of the 493 critically ill AKI patients requiring CVVHD and 
admitted to our intensive care unit during a 10-year period had hyponatremia 
(<130 mmol/L) and were included in this retrospective study. All patients received 
CVVHD with citrate-calcium anticoagulation and standard commercial dialysate and 
plasma sodium concentrations were frequently controlled until death or CVVHD 
discontinuation. Clinical data, mortalities and cases of central pontine myelinolysis 
within one-year follow-up were recorded.
Results: Median plasma sodium concentration was 127 (IQR 124-129)  mmol/L at 
CVVHD initiation. CVVHD duration was median 3 (IQR 1.5-5.5) days and the mean 
daily sodium load of the trisodium citrate solution during the first 3 days of CVVHD 
was 1754 (SD 730) mmol. The plasma sodium concentration increased a median 8 
(IQR 5-10) mmol/L during the first 24 hours of CVVHD and excessively high plasma 
sodium correction (>8 mmol/L/24 h) was observed in 18 (48.6%) patients. However, 
increased mortality in association to rapid plasma sodium correction was not ob-
served in this study.
Conclusions: CVVHD using standard citrate-calcium anticoagulation effectively in-
creased plasma sodium concentration in this study. However, excessively high plasma 
sodium correction was observed in half of the patients and the sodium load provided 
by the standard citrate anticoagulation solutions was substantial.
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Continuous veno-venous hemodialysis (CVVHD) is commonly 
used to manage acute kidney injury (AKI) in the ICU setting. CVVHD 
promptly corrects electrolyte imbalances and volume overload, thus 
creating a therapeutic challenge in critically ill patients with hypo-
natremia. The feasibility of CVVHD and continuous veno-venous 
hemodiafiltration (CVVHDF), with adjusted dialysate and/or replace-
ment fluid sodium concentrations to control the correction speed of 
plasma sodium concentration, in the management of hyponatremia 
has been recently explored in a number of small studies with heparin 
analogues for anticoagulation.6,7 To the best of our knowledge only 
a single previous small case series is available on the use of citrate-
calcium anticoagulation and CVVHDF to treat AKI in hyponatremic 
patients. The study by Redant et al (2020) included only five patients 
and the dialysate and replacement fluids were diluted to avoid ex-
cessive sodium correction8 and the mean increase in sodium con-
centration during the first 24 hours was 7.8 mmol/L. The increased 
risk for rapid sodium correction during citrate-anticoagulation is due 
to the high sodium concentration of the trisodium citrate solution.

By now, however, no data exist on the treatment of AKI and 
coincident hyponatremia with CVVHD using standard commercial 
dialysate and citrate solutions. For this reason, we sought to investi-
gate the management of AKI and hyponatremia with CVVHD using 
standard dialysate and citrate-calcium anticoagulation in critically ill 
patients.

2  | MATERIAL S AND METHODS

This retrospective cohort study consecutively included all pa-
tients admitted to the ICU of the Turku University Hospital requir-
ing CVVHD (493 participants) between 1 January 2010 and 31 
December 2019. As this pre-specified report examined the man-
agement of AKI patients with hyponatremia using CVVHD with 
citrate-calcium anticoagulation, all patients with plasma sodium con-
centration >130 mmol/L (453 participants) at dialysis initiation and 
those with hyponatremia (<130 mmol/L) receiving CVVHD without 
citrate anticoagulation (three patients with acute liver failure consid-
ered at risk for citrate accumulation by clinicians) were excluded. The 
final study cohort included 37 patients. No power calculations were 
performed due to the retrospective nature of the study.

All patient demographics, clinical disease history and medica-
tions at baseline were manually collected from the electronic patient 
records of the research hospital. Extensive baseline and follow-up 
biochemical data (every 6 hour for the first 24 hours and daily af-
terwards for the first four days of CVVHD) as well as daily total 
parenteral nutrition and intravenous fluid solution volumes were ex-
tracted from the clinical information software of the research ICU. 
Overall daily fluid balance for the first 3 days of CVVHD was calcu-
lated as: total input volume—total output volume.

Hyponatremia was defined as plasma sodium concentration 
<130 mmol/L. The increase in plasma sodium concentration exceed-
ing 8 mmol/L/24 h was defined as an excessively high plasma sodium 
correction.

All patients were followed-up from the electronic patient ar-
chives to collect data on mortalities and cases of central pontine 
myelinolysis up to 1 year. Data gathered on pontine myelinolysis in-
cluded MRI scans and diagnoses made by a consultant neurologist 
or, in the case of deceased patients, pathological autopsy findings.

2.1 | CVVHD modality

CVVHD for all patients was performed according to a standard pro-
tocol employed in our center using Fresenius Multifiltrate continuous 
renal replacement therapy (CRRT) monitors and 1.80  m2 polysul-
fone hemofilter Ultraflux AV1000 or Ultraflux EMiC2 membranes 
with the CiCa® dialysate K2 and 4% trisodium citrate to achieve re-
gional citrate anticoagulation (Fresenius Medical Care). Continuous 
hemodiafiltration was not performed and therefore replacement 
fluids were not administered to any of the patients. The CiCa® K2 
dialysate electrolyte concentrations are: sodium 133 mmol/L, potas-
sium 2 mmol/L, calcium 0 mmol/L, magnesium 0.75 mmol/L, chlo-
ride 116.5 mmol/L in addition to bicarbonate 20 mmol/L and glucose 
1 g/L. Post-filter ionized calcium levels were used for anticoagula-
tion monitoring. The starting citrate dose used was 4 mmol per liter 
of treated blood; a standard dose recommended for CiCa-CVVHD 
by the manufacturer. This corresponds to a citrate fluid flow rate 
of 176  mL/h at a blood flow rate of 100  mL/min. A standard 4% 
(136 mmol/L) trisodium citrate solution containing 408 mmol/L so-
dium and pH of 7.1-7.5 (Fresenius Medical Care) was used. The cit-
rate dose was then titrated during the treatment to achieve a target 
Ca++ level and thereby sufficient regional anticoagulation without 
systemic effects. Blood and dialysate flow rates were prescribed ac-
cording to the weight of the patient and by the caring ICU physician 
to target a dialysis dose of 30 mL/kg/h.

2.2 | Ethics

The study protocol was approved by the Turku University Clinical 
Research Center scientific review board and the Hospital district of 
Southwest Finland (Reference number: T143/2019). The data from 
the hospital software were combined and the patient identity num-
bers removed before the statistical analyses. For this retrospective, 

Editorial Comment

Electrolyte imbalance and need for continuous renal re-
placement therapy can present a clinical management 
challenge. This analysis from one large center showed that 
continuous renal replacement therapy in patients with 
hyponatremia can lead to too rapid correction of sodium 
levels in many patients. Future larger studies should assess 
whether this may influence the outcome of patients.
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register-based, non-interventional study the regulatory review 
board waived the need for informed consent in terms of data collec-
tion and analysis and publication of results.

2.3 | Statistics

Results were presented as mean ± standard deviation (SD) for nor-
mally distributed covariates and as median inter-quartile range (IQR) 
for skewed covariates. Categorical covariates were reported with 
absolute and relative (percentage) frequencies. Normality in con-
tinuous variables was assessed using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. Student's t test or Mann-Whitney test was used 
to compare continuous normally distributed or skewed covariates, 
respectively, and Pearson x2 or Fisher's exact test was used to com-
pare categorical covariates.

As the correction of plasma sodium concentration during 
CVVHD was the focus of the study, the univariate correlations be-
tween studied covariates and excessively high (>8 mmol/L/24 h) 
plasma sodium correction using Pearson's and Spearman's coef-
ficients were explored. Furthermore, the association between 
excessively high plasma sodium correction and mortality was 
analyzed by entering the plasma sodium correction as a contin-
uous variable in the Cox proportional hazard model. Moreover 
differences between the groups (rapid sodium correction rate 
>8mmol/L/24 h vs moderate sodium correction rate) in terms of 
delivered dialysis dose, blood flow rate, dialysate flow rate, triso-
dium citrate infusion rate, received total intravenous fluid volume, 
median sodium concentration per liter of daily total intravenous 
fluid input and fluid balance were examined using repeated mea-
sures analysis of covariance.

All analyses were two-sided and P < .05 was considered statisti-
cally significant. IBM SPSS Statistics software version 26.0 was used 
to perform all analyses.

3  | RESULTS

Altogether 37 (7.5%) of the 493 critically ill patients receiving 
CVVHD with standard citrate-calcium anticoagulation during the 
study period at our center had hyponatremia (<130 mol/L) at dialysis 
initiation. Mean age was 58 (SD 15) years and 9 (24.3%) were female. 
6 (16.2%) and 18 (48.6%) of the study patients had heart failure or 
diabetes, respectively, and 10 (27.0%) patients were on diuretics. 
The baseline characteristics are depicted in Table 1.

CVVHD was initiated after median 0 (IQR 0-1) days of ICU treat-
ment and had a median duration of 3 (IQR 1.5-5.5) days. Median 
plasma sodium concentration was 127 (IQR 124-129) mmol/L. Eight 
patients (21.6%) had pH <7.2, seven (18.9%) were hyperkalemic 
(>4.8 mmol/L) and 26 (70.3%) had a urine output of <0.3 mL/kg/h at 
the time of CVVHD initiation. (Table 1).

The correction of plasma sodium concentration during CVVHD 
in the study patients is shown in Figure  1. Alterations in other 

plasma solutes as well as cumulative sodium load of the trisodium 
citrate solution and parenteral fluids and the 24-hour fluid balances 
are summarized in Table 2. Mean sodium loads of the trisodium ci-
trate solution and parenteral fluids during the first three days of 
CVVHD were 1754 (SD 730) mmol and 297 (SD 193) mmol per day, 
respectively. Overall, median plasma sodium correction during the 
first 24 hours of CVVHD was 8 (IQR 5-10) mmol/L and excessively 
high plasma sodium correction (>8 mmol/L/24 h) was observed in 
18 (48.6%) patients. Concordantly, plasma sodium correction of (8-
10 mmol/L/24 h), (10-12 mmol/L/24 h) and (>12 mmol/L/24 h) was 
observed in 8 (21.6%), 4 (10.8%) and 6 (16.2%) study patients, re-
spectively. One patient, in whom no excessive sodium correction was 
observed, died during the first 24 hours of ICU care. Furthermore, 
excessively high plasma sodium (Table 2) correction was observed in 
2 (6.7%) of the 30 study patients on CVVHD within the time from 24 
to 48 hours after initiation. There were no differences in terms of de-
livered dialysis dose (P = .49), blood flow rate (P = .89), dialysate flow 
rate (P = .58), trisodium citrate infusion rate (P = .75), received total 
intravenous fluid volume (P = .93), sodium concentration per liter of 
daily total intravenous fluid input (P = .43) or fluid balance (P = .94) 
between patients with excessively rapid plasma sodium correction 
and those with a correction rate below 8 mmol/L/24 h.

No significant associations between the studied clinical or bio-
chemical covariates and excessively high plasma sodium correction 
were observed in the univariate correlation models. Moreover we 
did not observe increased one-year mortality (HR 2.54, CI 95% 
0.76-8.45, P =  .13) associated with an undesirably high increase in 
plasma sodium exceeding 8 mmol/L/24 h in the univariate Cox pro-
portional hazards model. None of the study patients were observed 
with central pontine myelinolysis during the one-year follow-up. 
Furthermore, autopsy data was available for 6 (46.2%) of the 13 
patients who died within one-year follow-up and no cases central 
pontine myelinolysis were observed.

4  | DISCUSSION

In this retrospective cohort study, we assessed for the first time, 
using real world clinical data, the feasibility of managing critically 
ill AKI patients with coincident hyponatremia using CVVHD with 
citrate-calcium anticoagulation and standard commercial dialysate. 
Plasma sodium concentrations increased effectively during treat-
ment, and half of the patients experienced an excessively rapid 
correction of plasma sodium. However, no association between 
mortality and excessively fast sodium correction was detected and 
no cases of central pontine myelinolysis were observed in this study.

The prevalence of hyponatremia (7.5%) in our study was in line 
with previous studies on critically ill patients under intensive care.1,2 
Hyponatremia frequently burdens highly comorbid patients and 
has been associated with adverse outcomes in the general popula-
tion as well as in intensive care patients.1,2,4 Furthermore, critically 
ill patients commonly develop AKI, with associated volume over-
load, decreased urine output and electrolyte abnormalities, which 
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TA B L E  1   Baseline characteristics of 
the study patientsStudy patients (N = 37)

Age mean (median) years 58 (58)

Female 9 (24.3)

Body mass index mean (SD) kg/m2 28.4 (4.7)

Hypertension 23 (62.2)

Diabetes 18 (48.6)

Coronary artery disease 7 (18.9)

History of heart failure 6 (16.2)

Atrial fibrillation 6 (16.2)

Prior stroke 5 (13.5)

Peripheral artery disease 4 (10.8)

Chronic lung disease 5 (13.5)

Cirrhosis 3 (8.1)

Active malignancy 2 (5.4)

Cause of ICU admission

Sepsis 19 (51.4)

Acute kidney injury 10 (27.0)

Rhabdomyolysis 3 (8.1)

Surgerya  3 (8.1)

Otherb  2 (5.4)

ICU management

Maintenance dialysis 1 (2.7)

SOFA-score mean (SD) 10 (4)

SAPS II-score mean (SD) 54 (14)

APACHE II-score mean (SD) 27 (7)

Mechanical ventilation 20 (54.1)

Vasopressor support 33 (89.2)

Laboratory tests

Blood hemoglobin median (IQR) g/L 105 (93-125)

Plasma CRP mean (SD) mg/L 145 (126.6)

Plasma creatinine median (IQR) µmol/L 339 (248-566)

Plasma urea mean (SD) mmol/L 22 (10.5)

Blood pH mean (SD) 7.25 (0.1)

Blood bicarbonate mean (SD) mmol/L 16.0 (3.7)

Blood base excess mean (SD) mmol/L -10.9 (5.4)

Blood chloride mean (SD) mmol/L 98 (5.6)

Blood glucose median (IQR) mmol/L 7.9 (6.3-10.6)

Plasma sodium median (IQR) mmol/L 127 (124-129)

Plasma potassium mean (SD) mmol/L 4.3 (0.7)

Blood lactate median (IQR) mmol/L 2.2 (1.1-4.7)

Note: Values in parentheses are % unless stated otherwise. Continuous variables are expressed 
as mean (SD) or median (IQR) for normally distributed and skewed covariates, respectively. 
The baseline laboratory values were measured at the initiation of continuous veno-venous 
hemodialysis.
Abbreviations: APACHE II-score, Acute Physiology And Chronic Health Evaluation II score; CRP, 
C-reactive protein; ICU, intensive care unit; IQR, inter-quartile range; SAPS II-score, Simplified Acute 
Physiology II score; SD, standard deviation; SOFA-score, Sequential Organ Failure Assessment score.
aOne case of elective back surgery, one case of non-elective heart surgery and one case of non-
elective gastric surgery. 
bOne case of severe pancreatitis and one case of severe congestive heart failure. 
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complicates the treatment of hyponatremia—especially so if renal 
replacement therapy is required.9 Moreover excessively prompt cor-
rection of plasma sodium concentration has been associated with 
iatrogenic myelinolysis of the pons3 and this risk is further high-
lighted during renal replacement therapy as volume overload can be 
rapidly corrected and standard dialysate and replacement fluids con-
tain substantial amounts of sodium.10 For this reason, CVVHD, es-
pecially in critically ill patients, offers advantages over intermittent 
hemodialysis in terms of hyponatremia management as fluid balance 
can be restored over a longer period of time and the dialysate flow 
rate is lower compared to intermittent hemodialysis.6 The sodium 
concentration of dialysate and replacement fluids can be modified, 
although not easily as in intermittent hemodialysis. Previous studies 
have reported favorable results in the management of hyponatremia 
with CRRT techniques.6-8

Regional citrate-calcium-anticoagulation is superior com-
pared to systemic anticoagulation with heparin analogues in 
terms of bleeding-risk and circuit and filter patency.11 Despite 
the ever-increasing popularity of regional citrate anticoagulation 
for CVVHD, strikingly little data exist on the management of 
hyponatremic AKI patients with this method. Especially consid-
ering the high incidence of hyponatremia in critically ill patient 
populations.1,2 Recently, Redant et al (2020) published a report 
on CVVHDF with citrate-calcium anticoagulation and modified 
low-sodium dialysate and replacement fluids in the management 
of AKI and coincident hyponatremia in a small case series of five 
patients.8 A mean correction rate of 7.8 mmol/L/24 h in plasma so-
dium concentration was achieved at the cost of increased labor in-
tensity and concerns over sterility of the modification of dialysate 
and replacement fluid bags. Furthermore, all the patients in their 
case series had plasma sodium exceeding 130 mmol/L at CVVHDF 
initiation in contrast to our current study.8 The use of standard 
dialysate and citrate solutions for CVVHD in the management of 

hyponatremia has not been tested in a clinical study before prob-
ably because of concerns over excessive sodium correction due to 
the high sodium concentration of the citrate anticoagulation fluid. 
However, the correction rate of plasma sodium concentration was 
similar in our study with a standard commercial hyponatremic (Na 
133 mmol/L) dialysate solution. Furthermore, central pontine my-
elinolysis has rarely been observed in uremic patients and it has 
been suggested that the risk for iatrogenic myelinolysis is lower 
in uremic patients with hyponatremia undergoing dialysis due to 
decreasing urea concentration acting as counterbalancing agent 
and causing a fluid shift to the opposite direction in the brain 
compared to the one caused by the increasing sodium concentra-
tion.12,13 Furthermore, the blood and, thus, the citrate flow rate 
can still be adjusted and hypotonic parenteral fluids may be used 
to offset the effect of the sodium load of the citrate-calcium anti-
coagulation fluid. Moreover, use of standard dialysate and citrate 
solutions would eliminate the extra work and contamination risk 
associated with the sodium concentration adjustment of the di-
alysis fluids.

In the current study, the sodium concentration increased in half 
of the study patients at a higher rate (>8  mmol/L/24  h) than rec-
ommended by the current guidelines.4,5 However, the hyponatremia 
management guidelines were updated (in 2013) during the course 
of the study and the sodium correction rate was within the limits 
of the prior guidelines (<12 mmol/L/24 h) in most (31/37, 83.8%) of 
the study patients.4 Nevertheless, there are multiple explanations 
for the overly rapid correction rate of plasma sodium concentration 
in our study. First, the baseline sodium concentration was not very 
low (Table  1) or the leading cause for ICU admission in the study 
patients and this may have caused attending physicians to be “less 
attentive” to the developing sodium concentration during ICU care. 
Second, the study patients received mostly isotonic fluids, perhaps 
due to the relatively mild level of hyponatremia in most patients: 26 

F I G U R E  1   The correction of plasma sodium concentration depicted as a spaghetti plot (panel A) for the study patients, separately, 
and a single line plot (panel B) for the mean (±SD) of the study cohort, respectively, during the first four days of continuous veno-venous 
hemodialysis. SD, standard deviation
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or 70.3% had a baseline sodium concentration of 125-130 mmol/L. 
Third, the mean sodium load of the citrate-calcium anticoagulation 
fluid was expectedly substantial (mean 1754 (SD 730)  mmol per 
day) and significantly contributed to the correction speed of plasma 
sodium concentration despite the positive net fluid balance during 
the first days of CVVHD (Table 2). Despite the high correction rate, 
no association between mortality and excessive (>8 mmol/L/24 h) 
plasma sodium correction was observed and, importantly, no cases 
of central pontine myelinolysis were detected.

The use of CVVHD with standard citrate-calcium anticoagula-
tion and dialysate in the management of critically ill AKI patients 

with hyponatremia appears to be feasible but our study raises some 
concerns over the safety of the technique. Although the use of stan-
dard solutions for CVVHD is simple and reduces the workload and 
contamination risk associated with the preparation of dialysate and 
replacement solutions with diluted sodium concentration, the risk 
for excessive sodium correction might be intuitively higher due to 
the high sodium load of the standard solutions.8,11 This hypothesis, 
however, is yet to be tested in a clinical trial. Furthermore, maintain-
ing a favorable correction rate (5-8 mmol/L/24 h) of plasma sodium 
concentration would require vigilant if not hourly control testing 
of sodium concentration and broader use of hypotonic parenteral 

Baseline 
(N = 37) 1 d (N = 36) 2 d (N = 30) 3 d (N = 25)

Plasma sodium median 
(IQR) mmol/L

127 (124-129) 135 (132-137) 139 (137-140) 140 (136-142)

Plasma potassium 
mean (SD) mmol/L

4.3 (0.7) 3.8 (0.5) 3.7 (0.3) 3.8 (0.3)

Blood pH mean (SD) 7.25 (0.1) 7.36 (0.1) 7.41 (0.1) 7.41 (0.1)

Blood bicarbonate 
mean (SD) mmol/L

16.0 (3.7) 22.0 (3.9) 24.9 (3.5) 25.9 (1.7)

Blood chloride mean 
(SD) mmol/L

98 (5.6) 104 (3.8) 107 (3.1) 108 (2.9)

Blood lactate median 
(IQR) mmol/L

2.2 (1.1-4.7) 1.5 (1.1-2.8) 1.1 (0.8-1.7) 1.1 (0.8-1.4)

Sodium load

Trisodium citrate 
solution mean (SD) 
mmol

- 2237 (520) 2030 (676) 1880 (689)

Parenteral solutions 
mean (SD) mmol

- 416 (245) 341 (207) 293 (135)

Sodium 
concentration 
median (IQR) 
mmol/La 

- 132 (95-143) 125 (88-138) 114 (83-135)

Fluid management

Total intravenous 
fluid volume mean 
(SD) mL

- 3358 (1820) 2782 (1424) 2650 (936)

Fluid balance median 
(IQR) mL

1920 (133-348) 1449 
(−338-4228)

453 
(−361-1603)

50 (−679-827)

Dialysis data

Delivered dialysis 
dose median (IQR) 
mL/kg/h

- 34 (27-36) 33 (28-36) 32 (24-35)

Blood flow rate 
mean (SD) mL/min

- 137 (24) 134 (23) 128 (23)

Dialysate flow rate 
mean (SD) mL/h

- 2644 (881) 2600 (779) 2600 (1000)

Trisodium citrate 
infusion rate 
median (IQR) mL/h

- 241 (43) 235 (44) 226 (42)

Abbreviations: d, day; IQR, inter-quartile range; SD, standard deviation.
aMedian sodium concentration of daily total intravenous fluid input. 

TA B L E  2   Correction of electrolytes, 
cumulative sodium load, fluid 
management and dialysis data at the time 
of initiation and during the first three days 
of continuous veno-venous hemodialysis, 
separately
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solutions such as 5% dextrose. Thus, it is not clear whether the use 
of standard or modified low-sodium solutions is better in CVVHD 
with citrate-calcium anticoagulation when treating patients with hy-
ponatremia as both techniques are strenuous and not without risk. 
The issue is further complicated by the fact that there are data on 
hyponatremic patients undergoing CRRT and not developing ad-
verse outcomes despite excessively high correction rate of plasma 
sodium concentration.14 Ultimately, the best approach to critically 
ill patients with hyponatremia requiring CRRT is not known and re-
quires further research.

This report has all the limitations of a retrospective study. The 
sample size was relatively small to draw definite conclusions. Due 
to sample size issues, we extended the data collection to 10 years. 
During this time guidelines have been altered to recommend a more 
conservative sodium correction rate in hyponatremia. It may be that 
the ICU physicians treating our patients may have had a more liberal 
approach to sodium correction rate during CVVHD compared to the 
current recommendations. However, data were extensively recorded 
and of a high quality. Moreover there was, essentially, no missing 
data. As this study was retrospective, there was no protocol screen-
ing for central pontine myelinolysis after ICU discharge. However, all 
available autopsy reports of the deceased patients were screened 
and all of the survivors retained high individual functionality after 
rehabilitation. The study was probably underpowered to detect sta-
tistically significant differences in mortality and especially central 
pontine myelinolysis considering the low incidence in ICU patients. 
Furthermore, some cases of central pontine myelinolysis might have 
been missed since autopsy data were not available for half of the 
deceased patients. Despite these limitations we believe that these 
results are relevant and may guide future research.

5  | CONCLUSIONS

CVVHD with standard citrate-calcium anticoagulation and dialysate 
solutions effectively increased the plasma sodium concentration in 
critically ill AKI patients with hyponatremia. However, excessively 
rapid sodium correction was observed in half of the patients and the 
sodium load provided by the regional citrate anticoagulation solution 
was high.

CONFLIC T OF INTERE S T
The authors have no conflicts of interest.

AUTHOR CONTRIBUTIONS
TH, PU and MJ designed the study and were responsible for the data 
collection. TH performed the statistical analysis. TH drafted the 
manuscript. TH, PU and MJ revised the manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The datasets used and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

ORCID
Tapio Hellman   https://orcid.org/0000-0001-9453-5687 

R E FE R E N C E S
	 1.	 Vandergheynst F, Sakr Y, Felleiter P, et al. Incidence and prognosis 

of dysnatraemia in critically ill patients: analysis of a large preva-
lence study. Eur J Clin Invest. 2013;43:933-948.

	 2.	 Funk G-C, Lindner G, Druml W, et al. Incidence and prognosis 
of dysnatremias present on ICU admission. Intensive Care Med. 
2010;36:304-311.

	 3.	 Sterns RH, Cappuccio JD, Silver SM, Cohen EP. Neurologic sequelae 
after treatment of severe hyponatremia: a multicenter perspective. 
J Am Soc Nephrol. 1994;4:1522-1530.

	 4.	 Verbalis JG, Goldsmith SR, Greenberg A, et al. Diagnosis, evalua-
tion, and treatment of hyponatremia: expert panel recommenda-
tions. Am J Med. 2013;126:S1-S42.

	 5.	 Spasovski G, Vanholder R, Allolio B, et al. Clinical practice guide-
line on diagnosis and treatment of hyponatraemia. Nephrol Dial 
Transplant. 2014; 29:i1-i39.Erratum in: Nephrol Dial Transplant. 
2014 Jun;40(6):924. PMID: 24569496.

	 6.	 Tandukar S, Kim C, Kalra K, Verma S, Palevsky PM, Puttarajappa 
C. Severe Hyponatremia and continuous renal replacement ther-
apy: safety and effectiveness of low-sodium dialysate. Kidney Med. 
2020;2:437-449.

	 7.	 Han SS, Bae E, Kim DK, Kim YS, Han JS, Joo KW. Dysnatremia, its 
correction, and mortality in patients undergoing continuous renal 
replacement therapy: a prospective observational study. BMC 
Nephrol. 2016;17:2.

	 8.	 Redant S, De Bels D, Massaut J, Barglazan D, Lebitasy PM, Honoré 
PM. Feasibility of citrate dialysis in hyponatremia: a case series. 
Blood Purif. 2021;50:174-179. https://doi.org/10.1159/00050​9024

	 9.	 Mandelbaum T, Scott DJ, Lee J, et al. Outcome of critically ill pa-
tients with acute kidney injury using the Acute Kidney Injury 
Network criteria. Crit Care Med. 2011;39:2659-2664.

	10.	 Huang WY, Weng WC, Peng TI, Ro LS, Yang CW, Chen KH. 
Central pontine and extrapontine myelinolysis after rapid correc-
tion of hyponatremia by hemodialysis in a uremic patient. Ren Fail. 
2007;29:635-638.

	11.	 Zarbock A, Küllmar M, Kindgen-Milles D, et al. Effect of regional 
citrate anticoagulation vs systemic heparin anticoagulation during 
continuous kidney replacement therapy on dialysis filter life span 
and mortality among critically ill patients with acute kidney injury: a 
randomized clinical trial. JAMA. 2020;324:1629-1639.

	12.	 Lippold C, Patel A. Correction of hyponatremia by infusing D5W 
(5% dextrose in water solution) prefilter in patients receiving con-
tinuous renal replacement therapy: a case series. Hemodial Int. 
2020;24:E27-E32.

	13.	 Soupart A, Schroëder B, Decaux G. Treatment of hyponatraemia by 
urea decreases risks of brain complications in rats. Brain osmolyte 
contents analysis. Nephrol Dial Transplant. 2007;22:1856-1863.

	14.	 Ji DX, Gong DH, Xu B, et al. Continuous veno-venous hemofiltra-
tion in the treatment of acute severe hyponatremia: a report of 11 
cases. Int J Artif Organs. 2007;30:176-180.

How to cite this article: Hellman T, Uusalo P, Järvisalo MJ. 
Continuous hemodialysis with citrate anticoagulation and 
standard dialysate for managing acute kidney injury in 
patients with moderate to severe hyponatremia—A 
retrospective study. Acta Anaesthesiol Scand. 2021;00:1–7. 
https://doi.org/10.1111/aas.13798

https://orcid.org/0000-0001-9453-5687
https://orcid.org/0000-0001-9453-5687
https://doi.org/10.1159/000509024
https://doi.org/10.1111/aas.13798

