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Background: Effective anticoagulation is a prerequisite of continuous renal replacement therapy (CRRT). 
During CRRT, prolonged anticoagulant therapy should be administered to prevent extracorporeal clotting. 
The purpose of our study was to evaluate whether a low concentration of plasma trisodium citrate (TCA) 
was effective as an anticoagulation treatment for continuous veno-venous hemofiltration (CVVH). We also 
retrospectively analyzed the complications of regional citrate anticoagulation (RCA) in our hospital.
Methods: We conducted this single-center retrospective study at a tertiary academic hospital. The study 
period was from July 1, 2019 to January 1, 2021. CVVH using the RCA protocol during the study period was 
performed. The RCA protocol and complications were included and analyzed. The concentrations of citrate 
in the blood and plasma were calculated.
Results: In the current study, we used low-dose TCA as an anticoagulant in 288 CVVH runs for  
78 patients. The median whole blood and plasma citrate concentrations were 2.13 mmol/L and 2.84 mmol/L, 
respectively. Although only a low concentration of citrate was used, RCA achieved expected anticoagulation 
and ensured the life span of the hemofilter during CVVH therapy. Although hypocalcemia was common 
during RCA, serious consequences could be prevented by timely adjustment of the protocol. Citrate 
intoxication was rare in patients without relative contraindications for citric acid. We did not find RCA-
associated hypernatremia.
Conclusions: We recommend the use of a low concentration of TCA (2.5–3.0 mmol/L in plasma) 
in extracorporeal solution in the RCA protocol. Although RCA may cause some complications, serious 
complications can be prevented. Mild hypocalcemia and transient metabolic alkalosis can be corrected 
in a timely manner. We do not believe hypernatremia is a complication of RCA if the RCA protocol is 
appropriately applied.
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Introduction

Effective anticoagulation is a prerequisite of continuous 
renal replacement therapy (CRRT). During CRRT, 
prolonged anticoagulant therapy should be administered 
to prevent extracorporeal clotting. Although heparin 
is the most commonly used anticoagulant in clinical 
practice, the drawbacks of heparin are well known (1). 
In the intensive care unit (ICU), patients may have 
contraindications to heparin treatment due to hemorrhage, 
hemorrhagic tendency, coagulopathy, or heparin-induced 
thrombocytopenia (1). An alternative method is regional 
citrate anticoagulation (RCA). RCA has been used as an 
alternative anticoagulant in intermittent hemodialysis and 
CRRT for several decades (1,2).

Serum calcium is an essential factor in the coagulation 
process. Citric acid reduces the concentration of ionized 
calcium (iCa2+) by chelating iCa2+ to achieve anticoagulation 
(1,2). Citrate (C6H7O7) is a small molecule with a molecular 
weight of 191 Daltons (2). During CRRT, the majority 
of citrate is removed by convection or diffusion (3,4), 
while a minority of citrate is delivered in the body (3,4). 
Citrate is involved in the Krebs cycle and is metabolized to 
bicarbonate (2). The effects and safety of RCA have been 
addressed in randomized controlled trials (5-10). During 
the standard RCA protocol, citrate is administered by 
pre-filter infusion (5-10). Citrate chelates iCa2+ and leads 
to hypocalcemia in the extracorporeal circuit (2). The 
anticoagulation effect is assessed by monitoring the level 
of pre-hemofilter iCa2+ (1,2). The target value of pre-filter 
iCa2+ is <0.35 mmol/L (1,2). When the concentration of 
iCa2+ is <0.25 mmol/L, coagulation can be almost completely 
inhibited (2). Infusing calcium post-filter normalized 
the concentration of iCa2+ which can prevent system 
hypocalcemia and ensure safety (5-10). However, Schwarzer 
et al. reported that blood gas analysis was inaccurate for 
testing iCa2+ when the concentration of iCa2+ was in the 
low-level range. The error ranged up to 0.33 (0.21–0.50) 
mmol/L (11). This brings challenges to the traditional RCA 
protocol. Another recommended method is adjusting citrate 
infusion to achieve an approximate citrate concentration 
of 4–6 mmol/L for effect ive anticoagulat ion (2) .  
The determination of citrate is not a routine test in clinical 
practice. Citrate concentration can be calculated in the 
filter based on blood flow, pre-dilution fluid, and the dose 
of citrate. The concentration of citrate in the plasma can 
also be estimated. Compared with iCa2+ concentration, 
using the calculated citrate concentration in the filter as 

an anticoagulation index may be simple and effective for 
preventing inaccurate testing of iCa2+.

Although many studies on RCA in CRRT have been 
performed, in most of the studies, pre-filter iCa2+ was used 
as an anticoagulant index. Studies on calculated citrate 
concentration in the filter as an anticoagulant index are very 
limited (12). In our hospital, RCA is used as conventional 
anticoagulation. We used trisodium citrate (TCA) as 
the anticoagulant and achieved an approximately low 
citrate concentration extracorporeal circuit (<4 mmol/L). 
The purpose of our study was to evaluate whether a low 
concentration of plasma TCA is an effective anticoagulation 
treatment for continuous veno-venous hemofiltration 
(CVVH). We also retrospectively analyzed the complications 
of RCA in our hospital. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://dx.doi.org/10.21037/apm-21-1672).

Methods

Study design

We conducted this single-center retrospective study in Xi’an 
International Medical Center Hospital. From 2018, RCA 
has been used as a conventional anticoagulation protocol for 
CRRT. In our hospital, we keep records of CRRT therapy. 
Medical records of CRRT were used to collect information 
on CRRT and RCA protocols. The study period was 
from July 1, 2019 to January 1, 2021. Because CVVH was 
the most commonly used CRRT session in our hospital, 
our study design was aimed at CVVH. The study was 
approved by Xi’an International Medical Center Hospital 
ethics committee (2021010). The ethics committee of the 
hospital waived the need for written informed consent 
from the patients in our study. The Declaration of Helsinki 
(as revised in 2013) of the World Medical Association was 
followed in our study.

Screening of patients and inclusion/exclusion criteria for 
patients

All patients who received CRRT treatment in our hospital 
from July 1, 2019 to January 1, 2021 were screened. The 
inclusion criteria were as follows: (I) patients who received 
CVVH in our hospital during the study period; (II) duration 
of CVVH ≥12 hours; (III) age >18 years. The exclusion 
criteria were as follows: (I) patients <18 years; (II) duration 
of CVVH <12 hours.
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Table 1 Dose-adjustment protocol for TCA and 5% calcium 
chloride

Protocol Speed (mL/h)

4% TCA

Post-filter iCa2+ (mmol/L)

<0.25 Decreased by 5 mL/h

0.25–0.35 No adjustment

0.35–0.50 Increased by 5 mL/h

>0.50 Increased by 10 mL/h

5% calcium chloride

Pre-filter iCa2+ (mmol/L)

>1.40 Decreased by 4 mL/h

1.20–1.40 Decreased by 2 mL/h

1.0–1.20 No adjustment

0.9–1.0 Increased by 2 mL/h

<0.9 Increased by 4 mL/h

TCA, trisodium citrate; iCa2+, ionized calcium.

Table 2 Clinical characteristics of the 78 patients receiving CVVH 
(n=78)

Characteristics Value

Age 56.76±18.12

Male/female 47/31

Vascular access

Femoral dialysis catheter 69

Internal jugular vein dialysis catheter 9

Indication for CRRT

Uremia 10

Acute kidney injury 56

Volume overload 4

Severe heart failure 5

Others 3

Serum creatinine before receiving CRRT 
(μmol/L)

489.66±286.70

Hemoglobin (g/L) 105.99±14.59

Hematocrit (%) 33.37±4.57

CVVH, continuous veno-venous hemofi ltrat ion; CRRT, 
continuous renal replacement therapy.

In our hospital, the following conditions were usually 
considered as contraindications of RCA: (I) TCA allergy; (II) 
uncorrected hypoxemia (arterial partial pressure of oxygen 
<60 mmHg); (III) possible tissue hypoxia; (IV) hepatic 
failure; (V) intractable hypocalcemia. Anticoagulation was 
determined by physicians.

CRRT protocol

In our hospital, CRRT treatment was delivered using 
Fresenius multiFiltrate Ci-Ca (Fresenius Medical Care AG 
& CO, Germany). The hemofilters used in our hospital was 
Ultraflux AV1000S (membrane surface area 1.8 m2, Fresenius 
Medical Care AG & CO, Germany). Vascular access was 
established using a dialysis catheter. Usually, the blood flow 
was set to 100–150 mL/min during CRRT therapy. Pre-
dilution or a combination of pre-dilution and post-dilution 
was used in our hospital. The pre-hemofilter replacement 
fluid was infused at a rate of 1,000–3,000 mL/hour. The post-
dilution replacement fluid was <25% of the plasma flow. In 
our hospital, CRRT included two modes: 12 and ≥24 hours. 
All therapy protocols were determined by physicians (Table 1).

RCA protocol

In the CVVH protocol, 4% (136 mmol/L) TCA (H20058912, 
Sichuan Nangeer, China) was pre-hemofilter infused 
separately. The initial dose of TCA was 150 mL/hour  
for patients weighing <50 kg, 170 mL/hour for patients 
weighing 50–60 kg, 180 mL/hour for patients weighing 
60–70 kg, and 190 mL/hour for patients weighing >70 kg. 
We did not use the replacement solution provided by the 
manufacturer, but prepared replacement solution based on 
our formula. Because of the use of TCA, we decreased the 
concentration of sodium and bicarbonate in the replacement 
solution. The prescription of the replacement solution is 
presented in Table S1. The diluted 5% calcium chloride was 
continuously infused from the central vein.

During CVVH, electrolyte indexes were re-monitored 
every 4 hours. The target value of post-filter iCa2+ was 
0.25–0.35 mmol/L. We adjusted the doses of TCA and 
5% calcium chloride according to the pre-filter and post-
filter concentration of iCa2+ (Table 2). The physician could 
prescribe a 5% calcium chloride intravenous administration 
when pre-filter iCa2+ <0.9 mmol/L.

A pre-filter sample was drawn from extracorporeal 
upstream of TCA and the replacement solution infusion. 
A post-filter sample was drawn from the venous chamber. 

https://cdn.amegroups.cn/static/public/APM-21-1672-supplementary.pdf
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Pre-filter samples were used to test electrolytes, iCa2+, 
and blood gas analysis. Post-filter samples were used to 
test iCa2+. Electrolytes were measured by the ion selective 
electrode method (Roche, Switzerland). Blood gas analysis 
and iCa2+ were measured by ABL80 (Radiometer Medical 
ApS, Denmark).

Collection of variables

All data were collected using electronic medical records 
and CRRT records. Baseline data included demographics, 
body mass index (BMI), laboratory variables, diagnosis, 
complications, comorbidities, length of stay in hospital, 
and outcomes. Data on CRRT included major causes of 
receiving CRRT, treatment time, frequency, CRRT models, 
blood flow, replacement solution, ultrafiltration rate, doses 
of TCA and 10% calcium gluconate, and life span of the 
hemofilter.

Calculation of citrate concentration in the hemofilter

The concentration of citrate in the filter was determined 
by the infusion of TCA, blood flow, and the pre-hemofilter 
replacement fluid. We calculated citrate concentration in 
blood and plasma.

The citrate concentration in blood was calculated as 
(mmol/L): 136 (mmol) × TCA (mL/hour)/[blood flow  
(mL/min) × 60 + pre-hemofilter replacement fluid  
(mL/hour) + 4% TCA (mL/hour)].

The citrate concentration in plasma was calculated as 
(mmol/L): 136 (mmol) × TCA (mL/hour)/[blood flow  
(mL/min) × (1 − hematocrit) × 60 + pre-hemofilter 
replacement fluid (mL/hour) + 4% TCA (mL/hour)].

Complications of RCA

In the course of treatment, all patients received routine 
electrocardiogram (ECG), blood pressure, respiratory, 
and blood oxygen saturation monitoring. Electronic 
medical records and laboratory variables were used for 
screening complications of RCA. We recorded potential 
complications of RCA including the following metabolic 
disorders: metabolic acidosis was defined when pH <7.35 
and base excess (BE) decreased <−2; metabolic alkalosis 
was defined when pH >7.45 and BE increased >+2. We 
used pH and the ratio of total calcium/iCa2+ to diagnose 
citric acid intoxication and citric acid overload. Citric acid 
intoxication was diagnosed if metabolic acidosis and the 

ratio of total calcium/iCa2+ >2.5 developed. When metabolic 
alkalosis complicated the ratio of total calcium/iCa2+ >2.5, 
citric acid overload was considered. Hypocalcemia was 
defined as serum iCa2+ <1.00 mmol/L. Hypernatremia was 
defined if serum sodium >145 mmol/L. Both theoretical 
speculation and previous studies have indicated that RCA 
does not increase the risk of hemorrhage. An important 
reason for using RCA in hospital was to avoid aggravating 
hemorrhage. Therefore, we did not record hemorrhage as a 
complication of RCA.

Statistical analysis

We used Statistical Product and Service Solutions (SPSS) 
version 20.0 to conduct data analysis. Continuous variables 
with a normal distribution were presented as mean ± 
standard deviation. Medians and quartiles were used to 
express continuous variables with a skewed distribution.

Results

From July 1, 2019 to January 1, 2021, 202 patients received 
renal replacement therapy. We screened those patients 
and included 78 patients according to the inclusion and 
exclusion criteria.

Clinical characteristics of patients who received CVVH 

The clinical characteristics of patients who received CVVH 
in our hospital during the study period are presented in 
Table 2. Of these 78 patients, the mean age was 57 and 
the ratio of male/female was 48/31. The indications for 
CRRT included uremia, acute kidney injury, and severe 
heart failure, among others. The mean hemoglobin and 
hematocrit were lower than the normal range because of 
hemorrhagic diseases and uremia.

CVVH therapy and RCA protocol

During the study period, 288 CVVH therapies were 
performed. Of those, 171 (59.4%) were performed in  
12 hours, and 71 were >72 hours. The number of CVVH 
therapies of 1 patient spanned from 1 to 22. The shortest 
and the longest life spans of the hemofilter were 8 and  
54 hours, respectively. During CVVH, blood flow was set 
at 150–200 mL/min. The replacement fluid was infused 
pre-dilution or a combination of pre-dilution and post-
dilution. The median of 4% citrate was 170 (P25: 165, P75: 
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180) mL/hour. The median calculated concentrations of 

TCA in the whole blood and plasma were 2.13 mmol/L and  

2.84 mmol/L, respectively (Table 3).

Complications of RCA

The most common complication of RCA was hypocalcemia, 
however, this complication did not lead to serious 
consequences because of close monitoring and timely 
adjustment of calcium infusion. One patient with a severe 
infection was diagnosed with citrate intoxication based 
on metabolic acidosis and total/iCa2+ ratio >2.5. RCA was 
stopped because of citrate intoxication. In the current study, 
we did not find RCA-associated hypernatremia. However, 
14 patients ended the treatment or had their hemofilters 
replaced because of insufficient anticoagulation. Eleven 
patients were complicated with transient metabolic alkalosis 
(pH >7.45 and BE increased >+2) which was corrected by 
adjusting the base in the replacement solution (Table 4).

Discussion

In the current study, we used low-dose TCA as an 
ant icoagulant  for  CVVH. The calculated c i trate 
concentration was lower than recommended by Davenport 
and Tolwani (2). The median whole blood and plasma 
citrate concentrations were 2.13 and 2.84 mmol/L,  
respectively. Although only low concentration citrate was 
used, RCA achieved expected anticoagulation and ensured 
the life span of the hemofilter during CVVH therapy. 
Although hypocalcemia was common during RCA, serious 
consequences could be prevented by timely adjustment 
of the protocol. Citrate intoxication was rare in patients 
without relative contraindications for citric acid. We did not 
find RCA-associated hypernatremia.

Effective anticoagulation is the prerequisite of CRRT. 
Different from intermittent hemodialysis treatment, 
CRRT treatment takes a long time and requires long-term 
anticoagulation (1). Long-term anticoagulation may be 
related to more complications. Although heparin is the most 
commonly used anticoagulant, its drawbacks are generally 
known. Especially in critical patients, heparin may aggravate 
bleeding (1,13,14). In clinical practice, citrate and citric 
acid have been used as anticoagulants for many years (1,2). 
Both acid citrate dextrose (ACD) and TCA are used for 
anticoagulation (2). Citrate chelates calcium and decreases 
the concentration of iCa2+, which is also a coagulation factor 
in the blood (1,2). Calcium deficiency can achieve effective 
anticoagulation. Citric acid is involved in the Krebs cycle 
in the liver, muscle tissue, and renal cortex (1,2). In healthy 
individuals, the half-life of citric acid is very short, around 
5 minutes (2). As citric acid metabolizes rapidly in the body, 

Table 3 CVVH therapy and RCA protocol (n=288)

CVVH Value

Duration of each CVVH 12 [12, 24]

12 hours 171

≥72 hours 71

Longest CVVH treatment (hours) 72

Number of treatments/patients 1–22

Life span of hemofilter (hours) 12 [12, 24]

Blood flow

150 mL/min 213

200 mL/min 75

Replacement solution

2,000 mL/hour 240

3,000 mL/hour 48

Pre-dilution replacement solution

1,000 mL/hour 107

2,000 mL/hour 153

3,000 mL/hour 28

4% TCA (mL/hour) 170 [165, 180]

Whole TCA concentration (mmol/L) 2.13 [1.87, 2.19]

Plasma TCA concentration (mmol/L) 2.84 [2.59, 3.08]

CVVH, continuous veno-venous hemofiltration; RCA, regional 
citrate anticoagulation; TCA, trisodium citrate.

Table 4 Complications of RCA (n=288)

Complications Number

Hypocalcemia (pre-hemofilter iCa2+ <1.0 mmol/L) 58

Hypocalcemia (pre-hemofilter iCa2+ <0.9 mmol/L) 19

Hypercalcemia (pre-hemofilter iCa2+ >1.2 mmol/L) 28

Hypernatremia 0

Citrate accumulation 1

Metabolic alkalosis 9 

Hemofilter clotting 14

RCA, regional citrate anticoagulation; iCa2+, ionized calcium.
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it has no system anticoagulation in the body. Because of the 
potential advantages of RCA, RCA is a good anticoagulant 
for CRRT. Citrate has been widely used in CRRT (1,2).

However, the disadvantages of RCA should be fully 
considered in clinical practice. The first point to be 
considered is the relatively complex protocol (5-10). Citrate 
should be infused pre-hemofilter and the concentration of 
iCa2+ should be reduced. Calcium-free replacement solution 
should be supplied. The compound of citric acid and 
calcium is small molecular and can be cleared by CRRT. 
The sieve coefficient is 0.87–1.0 (3,4). Therefore, RCA 
decreases calcium in the blood, and extra iCa2+ should be 
supplied to prevent hypocalcemia. Usually, two methods 
are used to infuse citrate: citrate can be infused separately 
or used as a component of replacement fluid (15-17). In 
our hospital, we use 4% TCA as an anticoagulant which is 
separately pre-hemofilter infused. Calcium-free replacement 
solution is also used. iCa2+ is delivered from the central vein. 
It should be noted that one molecule of TCA contains three 
molecules of sodium. Bicarbonate is produced by TCA 
metabolism in the body (1,2). To prevent hypernatremia 
and metabolic alkalosis, we reduced the concentration of 
sodium bicarbonate in the replacement solution. According 
to the adjustment of RCA, the concentration of sodium 
bicarbonate in the replacement solution was adjusted in a 
timely manner. If TCA was increased 1 mmol/hour, and 
the infusion of sodium bicarbonate in the replacement 
solution was reduced by 3 mmol/L. In fact, TCA is not 
only an anticoagulant, but also a base in the replacement 
solution. When the complications of RCA are considered, 
hypernatremia and metabolic alkalosis are often mentioned. 
However, if TCA is also regarded as a base and the 
supplier of sodium ions in the replacement solution, timely 
adjustment of other components in the replacement solution 
according to the dose of TCA can prevent hypernatremia.

Usually, patients with renal failure are prone to 
metabolic acidosis,  so conventional dialysate and 
replacement solutions contain a higher level of base than 
the normal level. With CRRT therapy and the correction 
of acidosis, the concentration of base should be adjusted 
in a timely manner to prevent metabolic alkalosis. In the 
current study, we did not find hypernatremia and persistent 
metabolic alkalosis induced by RCA. We believe that 
hypernatremia and metabolic alkalosis can be prevented if 
the RCA protocol is appropriately applied. CRRT can also 
regulate acid-base disorders and electrolyte disorders (18).  
Therefore, our choice is infusing TCA separately and 
adjusting the prescription of replacement solution in a 

timely manner according to the patient’s condition, which 
may be beneficial for patients.

When designing the protocols for CRRT and RCA, the 
first thing that should be considered is the dose of TCA. 
Based on previous research, the dose of TCA ranges from 
17 to 45 mmol/h (15,16,19). However, if TCA is thought of 
as a base and the supplier of sodium ions, high-dose TCA 
is not suitable for treatment when the replacement solution 
is low. Normally, the sodium ions in the replacement 
solution are supplied from sodium chloride and sodium 
bicarbonate. Sodium in the replacement solution should 
be reduced when TCA is supplied. Because 1 mmol TCA 
contains 3 mmol sodium, 45 mmol/hour TCA metabolizes  
135 mmol sodium/hour. A significant reduction in the 
sodium concentration of the replacement solution will 
lead to hypochloremia. At present, not enough evidence 
supports the application of high-dose replacement fluid 
to reduce mortality (20). Usually, in our hospital, the 
replacement fluid volume is 2,000 mL/hour. Therefore, 
high-dose TCA is not our choice for the RCA protocol. 
The initial dose of TCA is 150–190 mL 4% TCA/hour 
(20.4–25.8 mmol/h). In the current study, the highest dose 
of TCA was 220 mL 4% TCA/hour (29.9 mmol/h). Some 
previous studies also support the use of low-dose citrate for 
CRRT anticoagulation (21-23).

Effective RCA depends on the decrease of iCa2+ (1,2). 
When the concentration of iCa2+ is >0.50 mmol/L, almost 
no anticoagulation is achieved (6,24). When the calcium 
concentration is <0.25 mmol/L, coagulation cascades are 
almost completely inhibited (2). Therefore, anticoagulation 
can be assessed by monitoring the extracorporeal iCa2+ 
concentration (the target value is 0.25–0.30 mmol/L of 
iCa2+ concentration) (2). In the current study, we used 
a relatively low dose of TCA, and the target value was 
0.25–0.35 mmol/L of iCa2+ concentration (6). In most 
cases, effective anticoagulation was achieved. However, 
in two cases, the life span of the hemofilter was only 8 
hours. Although iCa2+ is the most common indicator 
for RCA, it does not seem to be as reliable as we think. 
Schwarzer et al. indicated that blood gas analysis is not 
an ideal method to test iCa2+. When iCa2+ concentration 
is at a low level, blood gas analysis is inaccurate for iCa2+ 
determination (11). The error of the result ranged as high as  
0.33 (0.21–0.50) mmol/L. This may lead to inaccurate 
adjustment of the RCA protocol. Previous studies have 
indicated that a concentration of 4–6 mmol/L citrate can 
reduce the iCa2+ to <0.2 mmol/L and prevent activation 
of both coagulation and platelets. Therefore, Davenport 
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and Tolwani recommended to adjust the dose of citrate 
according to blood flow, to achieve an approximate 
citrate concentration of 4–6 mmol/L for effective  
anticoagulation (2). In the current study, we calculated the 
concentration of TCA in the whole blood and estimated 
the concentration of TCA in the plasma. We found that 
a relatively low concentration of TCA can also achieve 
effective anticoagulation. The estimated concentration of 
TCA in plasma ranged from 2.59–3.08 mmol/L. The results 
of the current study indicate that the citrate concentration 
of 2.6–3.0 mmol/L results in effective anticoagulation. The 
TCA dosage, blood flow, and pre-dilution replacement 
solution can be adjusted to achieve the target value of 
citrate concentration. Combining system iCa2+ monitoring 
and estimating the TCA concentration in the hemofilter is 
effective and simple.

Anticoagulation in CRRT is a complex process. In 
addition to anticoagulants, many factors such as abnormality 
of the coagulation-anticoagulation system, blood flow, pre-
dilution or post-dilution replacement solutions, dialysis 
catheter, hemoglobin, platelets, and other factors may affect 
anticoagulation (1). In the current study, we used a low 
concentration of TCA as an anticoagulation treatment, and 
the protocol also achieved the expected anticoagulation (1). 
The following aspects of this study might have contributed 
to improving the anticoagulation effect: (I) we used pre-
dilution or a combination of pre-dilution and post-
dilution to deliver the replacement solution. Pre-dilution 
can prevent hemoconcentration and decrease the iCa2+ 
concentration in the hemofilter; (II) for most treatments, 
the CRRT session only lasted for 12 hours; (III) the mean 
hemoglobin level was lower than the normal level.

The complications of RCA include hypocalcemia, acid-
base disorders, hypernatremia, or hypercalcemia (1,2,25). 
Sodium citrate metabolism in vivo is as follows: Na3-
citrate + 3H2HCO3 → citric acid (C6H8O7) + 3NaHCO3. 
Blood pH value is mainly determined by three variables: 
PaCO2, strong ion difference (SID), and weak acid 
concentration. Citric acid is a weak acid which can lead to 
liquid acidification (1,2). However, if TCA is infused, the 
increase of SID will cause alkalinity. Sodium citrate may 
cause acid-base disorders when it is delivered. If too much 
sodium citrate is given and TCA metabolizes to produce 
redundant bicarbonate in the body, it may cause metabolic 
alkalosis (14). If the metabolic pathway of citric acid in 
the body is damaged, accumulation of citric acid in the 
body may lead to citric acid intoxication, which presents as 
metabolic acidosis and total serum calcium/Ca2+ >2.5 (14).  

In the current study and previous studies, metabolic 
alkalosis induced by RCA was reported. However, in 
most cases, metabolic alkalosis was mild and transient. 
Timely adjustment can correct the metabolic alkalosis. 
Citric acid intoxication may be a serious complication of 
RCA. When citric acid cannot be normally metabolized, 
citric acid intoxication leads to severe hypocalcemia and 
metabolic acidosis. Identifying contraindications of RCA is 
of great importance. Although previously liver failure was 
considered a contraindication of RCA, a few studies have 
supported the use of RCA in patients with liver failure (26).  
However, the results need further exploration. Citrate 
metabolism depends on the Krebs cycle which requires 
consumption of oxygen. Therefore, hypoxemia, especially 
tissue hypoxia, may cause severe complications of RCA (2).

Finally, we refer to the advantages and disadvantages of 
our study. An ideal anticoagulant therapy should reduce 
the dosage of anticoagulant as much as possible on the 
premise of effective anticoagulation (2). Although previous 
studies have recommended achieving an approximate 
citrate concentration of 4–6 mmol/L for effective  
anticoagulation (2), our results support the use of a lower 
concentration of TCA in the RCA protocol. Considering 
that no evidence strongly supports the application of high-
dose replacement solution, we preferred 12-hour CRRT 
rather than 24-hour CRRT in most cases. Therefore, we 
believe that a low concentration of TCA is enough for 
anticoagulation. When RCA is used as anticoagulation, an 
important tip is to fully consider the proficiency of medical 
staff. We do not believe hypernatremia is a complication 
of RCA if the RCA protocol is appropriately applied. 
Mild hypocalcemia and transient metabolic alkalosis 
can also be corrected in a timely manner to prevent 
serious consequences. We recommend the use of a low 
concentration of TCA in extracorporeal solution in the 
RCA protocol. The results should be further confirmed by a 
randomized controlled study, as single-center retrospective 
studies are unpersuasive. Anticoagulation is a complex 
process, and we did not include all factors contributing 
to the coagulation-anticoagulation system. This is also a 
limitation of our study. Another important limitation is that 
we did not measure the actual citrate concentration.

Conclusions

We recommend the use of a low concentration of TCA 
(2.5–3.0 mmol/L in plasma) in extracorporeal solution 
in the RCA protocol. Although RCA may cause some 
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complications, serious complications can be prevented. 
Mild hypocalcemia and transient metabolic alkalosis 
can be corrected in a timely manner. We do not believe 
that hypernatremia is a complication of RCA if the RCA 
protocol is appropriately applied.
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Table S1 The prescription of the replacement solution

Component
Labelled amount

Value 1 (mmol/L) Value 2 (mg/mL)

C6H12O6 10.6 1.91

Cl 118 4.18

Mg 0.797 0.0194

Ca 1.60 0.0639

Na 113 2.60
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