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Abstract 

Background To explore the feasibility and effectiveness of a segmented sodium citrate solution anticoagulation 
strategy in patients receiving CRRT.

Methods A prospective, randomized controlled study was conducted.

Results According to the inclusion and exclusion criteria, 80 patients were included and randomly divided into two 
groups. Moreover, coagulation indices, liver function indices, renal function indices, and SOFA and APACHE II scores 
did not significantly differ between the two groups (P > 0.05). The coagulation grade of the venous ports in the experi-
mental group was lower than that in the control group and the two groups of filters, but the difference was not sta-
tistically significant (P = 0.337). Both sodium citrate solution infusion methods maintained a low blood calcium 
concentration (0.25–0.45 mmol/L) in the peripheral circulation pathway, and no patient developed hypocalcaemia 
(< 1.0 mmol/L). The lifespans of the extracorporeal circulation tube in the experimental group and the control group 
were 69.43 ± 1.49 h and 49.39 ± 2.44 h, respectively (t = 13.316, P = 0.001).

Conclusion The segmented citrate solution anticoagulation strategy could extend the lifespan of the extracorporeal 
circulation tube and improve CRRT efficacy.

Trial registration The Chinese Clinical Trial Registry number is ChiCTR2200057272. Registered on March 5, 2022.

Keywords Continuous renal replacement therapy, Regional citrate anticoagulation, Acute kidney injury, Critically ill 
patients, Anticoagulation strategy

Background
Continuous renal replacement therapy (CRRT) is com-
monly used to treat critically ill and hemodynamically 
unstable patients with acute kidney injury. In CRRT 
treatment, providing effective extracorporeal circulation 
anticoagulation is particularly important for preventing 
coagulation [1]. The most commonly used anticoagula-
tion method worldwide is systemic heparin anticoagula-
tion (SHA). However, effective heparin anticoagulation 
increases the risk of bleeding, and bleeding-related com-
plications are increasingly reported in the literature [2]. 
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In recent years, regional citrate anticoagulation (RCA) 
has been introduced into clinical practice. When using 
the RCA, the anticoagulation process is limited to the 
extracorporeal circuit, leaving the patients’ coagulation 
function undisturbed. There is increasing evidence [3–6] 
that the use of an RCA can reduce the incidence of bleed-
ing and the need for blood transfusions while extending 
the service life of the filter. The Kidney Disease: Improv-
ing Global Outcomes (KDIGO) guidelines recommend 
the use of the RCA as the preferred anticoagulation 
method for CRRT [7]. Currently, RCA is used in some 
countries, but its general acceptance worldwide remains 
low. The first description of the RCA dates back to 1990. 
Mehta [8] applied 4% sodium citrate for anticoagulation 
during hemodialysis, which extended the lifespan of the 
filter. However, due to the small sample size, this topic 
has not received enough attention. With the widespread 
use of citrate anticoagulation in clinical practice, increas-
ing evidence shows that, compared with heparin, RCA 
can reduce bleeding complications and blood transfusion 
requirements while extending the filter lifespan [3, 9, 10].

Citrate metabolism occurs mainly in the Krebs cycle 
in liver cells. If this metabolic process is impaired, cit-
rate levels increase. Citrate itself is not toxic; however, 
impaired metabolism may lead to some physiological 
disorders [11]. First, as citrate metabolism decreases and 
citrate content increases, ionized calcium (iCa) cannot be 
released from the calcium citrate complex, and hypoc-
alcaemia may occur. Therefore, hypocalcaemia and an 
increased need for calcium replacement are the first signs 
of citrate accumulation. Second, as citrate metabolism 
decreases, bicarbonate production decreases. Therefore, 
ongoing or newly developing metabolic acidosis may be 
another sign of citrate accumulation [12].

However, the current infusion method in which 
sodium citrate solution is pumped into the arterial end 
alone often leads to early termination of treatment due to 
coagulation in the venous port. This results in interrup-
tions in treatment continuity, increased treatment costs, 
and even additional blood loss. Studies have shown that 
coagulation and blockage of venous ports are the primary 
reasons for unplanned removal from the filter. There-
fore, this study attempted to infuse sodium citrate solu-
tion into intravenous ports at the same time and adopt 
the segmented citrate anticoagulation (SCA) strategy to 
explore whether it can prolong CRRT time.

Materials and methods
Patients who were admitted to the department of critical 
care medicine of the second hospital of Lanzhou University 
from 2023.6 to 2024.1 were selected
The inclusion criteria were as follows: (1) age > 18 years; 
(2) received CRRT.

The exclusion criteria were as follows: (1) severe liver 
dysfunction (TBIL > 2 times the normal value); (2) hypox-
emia (arterial partial pressure of oxygen < 60  mmHg) 
and/or tissue hypoperfusion (blood pressure still lower 
than 90/60  mmHg after large doses of vasoactive drugs 
are used); (3) metabolic alkalosis; (4) patients with hyper-
lactatemia (Lac > 4 mmol/L); (5) hypernatremia; (6) ICU 
length of stay < 24 h.

All included patients signed informed consent forms.

Methods
The included patients were randomly divided into the 
experimental group and the control group accord-
ing to the computer random sequence list (the random 
sequence was placed in a light-tight sealed envelope). An 
indwelling double-lumen hemofiltration catheter was 
used in the femoral vein to establish vascular access in 
all patients. MultiFiltrate of Fresenius Medical Care was 
used for CRRT, and the replacement and dialysate flu-
ids made by the commercially manufactured (Chengdu 
QingshanLiKang Pharmaceutical Co. Ltd.). The treat-
ment mode was continuous veno-venous hemofiltration 
dialysis (CVVHDF), with a blood flow rate of 150  ml/
min. The replacement and dialysate fluid were both with 
1.5 mmol/L ionized calcium. The replacement fluid flow 
is 750 ml/h, and the dialysate solution flow is 750 ml/h. 
The ultrafiltration rate is 100–500 ml/h and the filtration 
fraction is less than 30%. We do not use saline flushing 
to prevent clotting. The anticoagulant was 4% sodium 
citrate solution. The experimental group was adminis-
tered a segmented sodium citrate infusion. Specifically, 
4% sodium citrate solution was pumped into the prefil-
ter site at 185  ml/h, and at the same time, the solution 
was pumped into the venous port at 15  ml/h. For the 
control group, the conventional sodium citrate infusion 
method was used, and 4% sodium citrate solution was 
pumped into the prefilter site at a speed of 200 ml/h. A 
line diagram was showed in Fig. 1. Ten percent calcium 
gluconate injection is pumped in from postfilter through 
a micro syringe pump according to the patient’s actual 
condition.

Observation indicators
General information on the patients, including serum 
creatinine (sCr), total serum bilirubin, glutamic-pyruvic 
transaminase (ALT), APACHE II score, SOFA score, 
blood lactate, postfilter iCa concentration, peripheral 
blood iCa concentration,  HCO3

− concentration, pH, and 
lifespan of the extracorporeal circulation pathway, was 
obtained.

The coagulation status of the extracorporeal circulation 
tube was monitored every 4 h after the start of treatment. 
After 48  h of treatment, the coagulation status of the 
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filter and venous port was recorded. At level 0, no coag-
ulation in the dialyzer was observed after blood return; 
at level 1, coagulation of less than 1/3 of the filter was 
observed after blood return; at level 2, coagulation of 1/3 
to 2/3 of the filter was observed after blood return; and 
at level 3, coagulation of more than 2/3 of the filter was 
observed after blood return, with significant increases in 
venous pressure and transmembrane pressure. The grad-
ing criteria for venous port coagulation were as follows: 
level 0: no coagulation; level 1: a few clots in the venous 
port (< 10% of the volume of the venous port); level 2: 
clots in the venous port accounting for 10% of the volume 
of the venous port; and level 3: clots in the venous port 
accounting for > 50% of venous port volume [8].See Addi-
tional file 1. 

Statistical analysis
The statistical analysis was performed with SPSS software 
21.0 (SPSS, Inc., Chicago, IL, USA). Normally distrib-
uted data are expressed as the mean ± standard deviation 
(x ± s). A t-test was used for comparisons between two 
groups, and a Q–Q normal probability plot was used for 
normality; if the data were not normally distributed, the 
median M and interquartile range (Qu, QL) were used. 
Comparisons between two groups were performed by the 
Mann–Whitney U test or the Spearman nonparametric 
test; the count data are expressed as n (%). The Pearson 
χ2 test was used to compare dichotomous data between 

two groups, and the Mann–Whitney U test was used for 
ordinal multiple classification. All tests were two-sided, 
and P < 0.05 was considered to indicate a statistically sig-
nificant difference.

Results
According to the inclusion and exclusion criteria, a total 
of 81 patients were included. One patient was excluded 
because the length of stay in the ICU was less than 24 h. 
Finally, 80 patients were included and randomly divided 
into two groups: 40 in the experimental group and 40 in 
the control group. See Fig. 2 for detail.

Comparison of general information
There were 22 males and 18 females in the experimental 
group and 23 males and 17 females in the control group. 
There was no statistically significant difference (χ2 = 0.52, 
P = 0.63). The average age was 46.71 ± 12.54 years in the 
experimental group and 47.08 ± 13.63  years in the con-
trol group. There was no significant difference between 
the two groups (t = 2.033, P = 0.412). The average weight 
was 58.71 ± 9.54  kg in the experimental group and 
57.91 ± 8.63  kg in the control group. There was no sig-
nificant difference between the two groups (t = 3.014, 
P = 0.507). And there were no significant differences in 
coagulation indices, liver function indices, renal function 
indices, SOFA scores, or APACHE II scores between the 
two groups (P > 0.05) (Table 1).

Fig. 1 Diagram of sodium citrate infusion method
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Comparison of coagulation conditions between filters 
and venous ports
The results of this study showed that the coagulation 
grade of the venous ports in the experimental group 
was significantly lower than that in the control group 
(P = 0.022). A comparison of the coagulation conditions 
of the two groups of filters revealed that the difference 
was not statistically significant (P = 0.337) (Table 2).

Monitoring indicators
The results of this study showed that both sodium 
citrate solution infusion methods could maintain a 
low blood calcium concentration (0.25–0.45  mmol/L) 
in the peripheral circulation pathway, and no patient 
developed hypocalcaemia (< 1.0 mmol/L). The average 
calcium infusion rates were 3.9 ± 0.5 ml/h in the exper-
imental group and 4.1 ± 0.4 ml/h in the control group. 

Fig. 2 Flow diagram

Table 1 Basic information

Experimental group (n = 40) Control group (n = 40)

Characteristic

 Age (years) 46.71 ± 12.54 47.08 ± 13.63

 Sex (male) 12 13

 Weight (kg) 58.71 ± 9.54 57.91 ± 8.63

Baseline characteristics

 APACHE II score 14.07 ± 3.37 14.48 ± 2.94

 SOFA score 12.74 ± 2.73 13.16 ± 1.75

 Tbil (mmol/L) 33.8 ± 4.72 32.58 ± 6.03

 PTA (%) 69.79 ± 9.43 68.93 ± 7.03

 Fib (g/L) 3.86 ± 0.21 3.75 ± 0.18

 ALT (U) 116.43 (40.5, 132.5) 104.88 (40.5, 101)

 sCr (ummol/L) 349.02 (303, 446) 351.17 (296, 439)

 Lac (mmol/L) 1.24 (1.1, 1.3) 1.31 (1.1, 1.3)

Comorbidities

 Hypertension 7 (35%) 9 (45%)

 Diabetes 4 (20%) 3 (15%)

 COPD 5 (25%) 5 (25%)

 Time for randomization to initiation of CRRT 1.4 h (1.1–1.7) 1.5 h (1.2–1.9)
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Moreover, the difference was not statistically signifi-
cant (P > 0.05) (Table 3).

Comparison of the lifespan of the extracorporeal 
circulation tube
The results of this study showed that the lifespans of 
the extracorporeal circulation tube in the experimen-
tal group and the control group were 69.43 ± 1.49  h and 
49.39 ± 2.44 h, respectively. The difference between the two 
groups was statistically significant (t = 13.316, P = 0.001) 
(Table 4).

Discussion
The venous port is the last line of defense. It is equipped 
with a filter structure inside to prevent tiny thrombi gen-
erated by the extracorporeal circulation path from enter-
ing the patient’s body. The blood flow in venous ports 
is relatively slow, and gas–blood contact planes and 
fibrin rings easily form in the upper venous space. From 

a hemodynamic perspective, turbulent flow occurs at 
the blood input port, and mural thrombi easily form on 
the wall of venous ports. As the time outside the body 
increases, the viscosity of the blood increases, facilitating 
coagulation. The particularity of the location and structure 
of the venous port makes it prone to thrombosis during 
CBP. Baldwin et al. proposed that the site at which antico-
agulants are delivered affects the coagulation condition of 
the extracorporeal circulation tube and noted that adding 
anticoagulants to intravenous ports can alleviate coagula-
tion conditions. However, comparative experiments using 
heparin as an anticoagulant did not reveal this difference. 
This may be related to whether the anticoagulant is cleared 
by the filter. Heparin, as a macromolecular substance, can-
not be cleared by filtration [13]. Citric acid and calcium 
citrate complexes are small molecular substances that can 
be removed by filtration. More than 60% of citrate radicals 
are removed when passing through the filter [14]. Com-
bined with the chemical formula for the complexation of 
citric acid and free calcium, it can be calculated that the 
addition of free calcium to the neutralization unit time 
replacement solution requires 9  ml of 4% sodium citrate 
solution, but in clinical practice, 9 ml of 4% sodium citrate 
solution is not enough to improve the coagulation status of 
venous ports. Repeated clinical verification has shown that 
a pump volume of at least 15  ml/h of 4% sodium citrate 
solution has a significant improvement effect. This differ-
ence may be related to the sufficient mixing degree of cit-
rate and blood. The filters removed sodium citrate, calcium 
citrate, and free calcium to different degrees. One study 
[15] showed that when 30 ml of sodium citrate was directly 
added to the replacement fluid, the anticoagulant effect of 
the intravenous mixture was satisfactory, but the literature 
did not mention the impact of the addition of sodium cit-
rate on the pH or electrolyte concentration of the replace-
ment fluid. Yang et  al. [16] proposed a two-stage sodium 
citrate pump anticoagulation strategy in which 4% sodium 
citrate solution was pumped from the prefilter at a rate of 
120 to 170 ml/h and from the venous port at a rate of 60 to 
170 ml/h. However, sodium citrate is used as a local antico-
agulant. This strategy may be associated with an increased 
risk of multiple electrolyte and acid–base disorders, and 
excessive infusion can easily cause systemic hypocalcaemia, 
hypernatremia, metabolic alkalosis, and high anion gap 
metabolic acidosis, as well as increase treatment costs. In 
this study, 15 ml of 4% sodium citrate solution was added 
to the intravenous port, accounting for only 7% of the total 

Table 2 Comparison of coagulation conditions between filters 
and venous ports

Experimental 
group (n = 40)

Control group 
(n = 40)

P value

Coagulation grade 
of the venous ports

0.022

Level 0–1 19 13

Level 2 1 5

Level 3 0 2

Coagulation grade 
of the filter

0.337

Level 0–1 18 16

Level 2 2 4

Level 3 0 0

Table 3 Monitoring indicators

Experimental 
group (n = 40)

Control group (n = 40)

pH 7.42 ± 0.03 7.41 ± 0.01

HCO3
− (mmol/L) 23.74 ± 1.47 23.31 ± 0.98

Prefilter iCa (mmol/L) 1.18 ± 0.02 1.19 ± 0.01

Postfilter iCa (mmol/L) 0.28 ± 0.03 0.33 ± 0.01

Calcium infusion rates (ml/h) 3.9 ± 0.5 4.1 ± 0.4

Table 4 Comparison of the lifespans of the extracorporeal circulation tubes

Experimental group (n = 40) Control group (n = 40)

Lifespan of the extracorporeal circulation tube (h) 69.43 ± 1.49 49.39 ± 2.44
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sodium citrate infusion. The concentration of ionized cal-
cium was maintained above 0.9 mmol/L. According to the 
literature [17], the ionized calcium concentration is 0.9–
1.2  mmol/L, which is safe for most critically ill patients. 
The addition of citric acid dilutes the blood in the venous 
port and interferes with the gas–blood barrier, which 
is also one of the reasons for delayed coagulation. If the 
venous port coagulates to level 2 or above, nurses need to 
frequently flush the pipeline with normal saline to delay the 
coagulation process. The effect is poor, and the operation 
is cumbersome. Nurses also need to calculate the amount 
of saline used to calculate the human ultrafiltration vol-
ume, and the efficiency of CRRT decreases. The improved 
sodium citrate infusion method effectively delays the coag-
ulation of the extracorporeal circulation tube. Nurses no 
longer need to flush the circuit with physiological saline, 
reducing their workload. The cost of the filter accounts for 
more than half of the entire CRRT treatment consumable. 
When the filter does not suffer from severe coagulation 
and can still be used, treatment is forced to cease merely 
because of clogged coagulation in the venous port, result-
ing in a waste of medical resources. Of course, a new treat-
ment option always has its own complications. Using this 
anticoagulation strategy may increase the input of citrate 
solution, but according to our trial, no patient in the trial 
group developed metabolic acidosis, metabolic alkalosis, or 
hypernatremia, which shows that this strategy is safe.

Conclusion
The segmented citrate solution anticoagulation strategy 
could extend the lifespan of the extracorporeal circula-
tion tube and improve CRRT treatment efficacy.
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