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Abstract
We aimed to evaluate the impact of citrate on hemodynamic responses and secondary outcomes, including the filter life 
span, metabolic complications, and levels of inflammatory cytokines, in critically ill patients who required CRRT compared 
with those who underwent the heparin-free method. This prospective, multicenter, open-label randomized trial compared 
regional citrate anticoagulation (RCA) with a heparin-free protocol in severe acute kidney injury (AKI) patients who received 
continuous venovenous hemodiafiltration (CVVHDF) in the postdilution mode. We measured hemodynamic changes using 
the FloTrac Sensor/EV1000™ Clinical Platform at certain time points after starting CRRT (0, 6, 12, 24, 48, and 72 h.). The 
levels of inflammatory cytokines (IL-1β, IL-6, IL-8, IL-10 and TNF-ɑ) were measured on days 1 and 3. Forty-one patients 
were recruited and randomized into the heparin (n = 20) and citrate groups (n = 21). The cardiac performances were not 
significantly different between the 2 groups at any time point. The inflammatory cytokines declined similarly in both treat-
ment arms. The maximum filter survival time was insignificantly longer in the RCA group than in the heparin-free group 
(44.64 ± 26.56 h. vs p = 0.693 in citrate and heparin free group). No serious side effects were observed for either treatment 
arm, even in the group of liver dysfunction patients. RCA did not affect hemodynamic changes during CRRT. Inflamma-
tory cytokines decreased similarly in both treatment arms.The filter life span was longer in the citrate group. RCA is a valid 
alternative to traditional anticoagulation and results in stable hemodynamic parameters.
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Introduction

Acute kidney injury (AKI) has a significant association 
with high mortality in critically ill patients and occurs 
in up to 50% in all critically ill patients in intensive care 
units (ICUs) [1]. Continuous renal replacement therapy 
(CRRT) has been recommended and widely applied for the 
management of severe AKI in critically ill patients with 
hemodynamic instability according to various guidelines 
[2–4]. CRRT is often preferred over intermittent hemodi-
alysis (IHD) in the ICU, because it is associated with less 
hemodynamic instability and suitable for patients with at 
risk of increase intracranial pressure due to the slower 
fluid removal and the absence of fluid shifts induced by 
rapid solute removal [5].

Acute kidney injury (AKI) is associated with inflamma-
tion. In patients with established AKI, serum interleukin 
(IL)-6, IL-8, IL-10, and tumor necrosis factor-α (TNF-α) 
were increased [6–9]. These cytokines have deleterious 
effects to kidneys and heart [10–13]. Elevated IL-8 lev-
els have been associated with AKI in patients undergoing 
liver transplants, patients in septic shock, and patients with 
acute lung injury [14, 15]. It is believed that continuous 
renal replacement therapy (CRRT) can not only main-
tain the water balance and excrete the metabolic products 
but also mitigate the inflammation and promote kidney 
recovery. CRRT can remove the inflammatory cytokines to 
regulate the metabolic adaption in kidney and restore the 
kidney recovery to protect the kidney in septic AKI [16].

The anticoagulants are usually required during (CRRT) 
to maintain circuit patency. Systemic heparin remains the 
previously anticoagulant used for CRRT. However, heparin 
may pose an increased risk of bleeding especially in some 
groups of patients such as post-operative, liver failure and 
the development of heparin-induced thrombocytopenia [2, 
17]. Regional citrate anticoagulation (RCA) is an attractive 
alternative in critically ill patients.

There are conflicting results regarding the effect of RCA 
on the cytokine levels [18–24]. No study has analyzed the 
cardiac effects of citrate CRRT. One animal study found 
that venovenous CRRT in 34 immature pigs decreased the 
intrathoracic blood volume, stroke volume index and cen-
tral venous press use (CVP) but increased the systemic 
vascular resistance index and left ventricular contractil-
ity [25]. In critically ill patients, hypotension is usually 
observed, particularly at the beginning of CRRT. The 
initial hypotension is related to hypovolemia. However, 
metabolic acidosis contributes to persistent hypotension 
thereafter. Citrate can eliminate acidosis and thus help pre-
vent hypotension [26]. This study aimed to evaluate the 
effect of citrate CRRT on cardiac function, such as cardiac 
output (CO), systemic vascular resistance (SVR), cardiac 

index (CI), systemic vascular resistance index (SVRI) 
and central venous pressure (CVP), compared with the 
heparin-free protocol. This study also explored the effect 
of RCA on improvements in inflammatory cytokines, filter 
life span, metabolic derangement and patient and renal sur-
vival at 28 days in both the RCA and heparin-free groups.

Materials and methods

This study was a prospective, multicenter, open-label ran-
domized trial conducted at two intensive care units (ICUs), 
King Chulalongkorn Memorial Hospital, Vajira Hospital, 
Bangkok, Thailand, from February 2019 to November 2020. 
The Institutional Ethics Boards of the participating cent-
ers approved the protocol. Written informed consent was 
obtained from either a close relative or a legal representative 
of each patient. Coinvestigators at each participating site 
were responsible for enrolling the patients and completing 
the case record form. The trial is registered at Clinicaltrial.
gov as NCT 04,865,510.

Study population

Adult critically ill patients with stage 3 AKI (defined by 
KDIGO 2012 criteria) were screened. The inclusion crite-
ria were as follows: requirement for CRRT, age older than 
18 years, and no contraindication to CRRT. We excluded 
patients with any of the following criteria: baseline serum 
creatinine > 2 mg/dL (male) or > 1.5 mg/dL (female), a his-
tory of renal transplantation, known pregnancy, a previous 
dialysis within 30 days, severe liver disease, end-stage heart 
disease or untreatable malignancy, a moribund status with 
expected survival less than 30 days, previous use of heparin 
or other anticoagulant, antiplatelet therapy within 7 days 
except for deep vein thrombosis, active bleeding at the time 
of enrollment and/or severe coagulopathy, receiving blood 
or blood components before enrollment, a hemoglobin level 
less than 7.5 g/dL and/or platelet count less than 100,000/
mm3, previous underlying clotting disorders such as a hyper-
coagulable state, severe malnutrition (body mass index less 
than than 18), and CRRT for reasons other than acute AKI.

Sample size calculation

A previous report by Chowdhury et al. [27] indicated that 
the filter half-life was 26 h in the RCA group (interquar-
tile range (IQR) = 10–52) and 12 h in the non-RCA group 
(IQR = 6–28). The values in the formula were replaced by 
comparing two independent groups. The calculated sample 
size was 48 in each arm. As a pilot study, we recruited 20 
patients in each arm to detect the difference in the cardiac 
effect between the RCA and heparin-free groups.
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Randomization

After screening for the eligible criteria for inclusion, all 
the included participants who agreed with this study were 
randomly assigned by systemic random sampling (block of 
four). Group A was the citrate group, and group B was the 
heparin-free group.

Interventions

RCA group

CRRT was performed using Prismaflex (Baxter Healthcare/
Gambro Spain) or an Infomed machine (HF440, Infomed 
SA, Switzerland) with a citrate pump. The functional mode 
was continuous venovenous hemodiafiltration (CVVHDF) in 
the postdilution mode with ST 150 filter sets. The dialysate 
was Accusol or Prism0cal B22. The dose of CRRT was 
20–25 ml/kg/hr, with a blood flow of 150–200 ml/min. If 
the patient had hypercatabolic state such as severe metabolic 
acidosis, we would increase the dose of CRRT to 35–40 mL/
kg/hr. If metabolic acidosis still persisted, we would adjust 
the bicarbonate in the infusate and/or replacement fluid to 
personalize the CRRT parameters. Trisodium citrate solution 
(4%; 136 mmol/L) was infused into the arterial line before 
the blood pump at a dose of 4 mmol/L of plasma flow. Cal-
cium chloride (5% of 340 mmol/L elemental calcium) was 
infused into the venous return to maintain systemic ionized 
calcium in the normal range (1.0–1.20 mmol/L), and the 
target values for ionized calcium  (iCa2+) after the dialysis 
membrane were 0.25–0.35 mmol/L. The rate of calcium 
infusion was adjusted in a timely manner based on repeated 
measurements of the calcium concentration. The detailed 
calcium supplementation protocol is shown in the additional 
file.

Heparin‑free group

The circuit was periodically flushed with 50 ml of saline via 
the access limb every 30 min. When the prefilter pressure 
started to rise, additional saline flushes were given.

All the protocol of intervention are 
in the supplemental file

Data collection

We followed all the patients from day 0 (start CRRT) for 
28 days or until hospital discharge. We collected patient 
plasma at the start of the study (day 0) and on days 3, 5, 7, 
14, and 28. The samples were used to measure inflamma-
tory markers (Il 6, IL 8, IL 10 and TNFα). Plasma was col-
lected using EDTA as an anticoagulant and then centrifuged 

for 10 min at 3,000 rpm. The samples were then stored in 
aliquots at ≤ − 80 °C. Repeated freeze–thaw cycles were 
avoided.

The Magnetic  Luminex® Performance Assays (R and D 
Systems, Minneapolis, USA) allows multianalyte analysis 
of biomarkers in a single complex sample using the Bio-
Rad Bio-Plex System (Bio-Rad Laboratories, Hercules, 
USA). The output was used according to the manufacturer’s 
instructions. The following cytokines were measured: IL-1β, 
IL-6, IL-8, IL-10, and TNF α. The amounts of cytokines 
were calculated by comparison with the standard curve.

The markers of dialysis efficiency (BUN, creatinine), 
other parameters related to AKI (acid base status, calcium, 
phosphorus, and hemoglobin), adverse events, dialysis clot-
ting, the hemodynamic status, the duration of mechanical 
ventilation, and inotropic support were evaluated. The hemo-
dynamic parameters were monitored using an EV 1000 clini-
cal platform. After cannulating the arterial line at the appro-
priate site, the line was connected to the FloTrac Sensor/
EV1000™ Clinical Platform (Edwards Lifescience, Irvine, 
CA, USA). This system provides a minimally invasive arte-
rial waveform analysis to obtain cardiac performance data, 
which include the cardiac output (CO), cardiac index (CI), 
stroke volume (SV), and stroke volume indexes (SVI). Addi-
tionally, it provides information about systemic vascular 
resistance (SVR). Thus, the patient hemodynamic param-
eters as mentioned above were measured at the following 6 
time points: after the initiation of CRRT (T1), every 6 h later 
for 24 h (T2, T3, T4, T5), and at hour 72 (T6).(Fig. 1) The 
dose of vasoactive/vasopressor agents is expressed as the 
catecholamine index, a dimensionless variable calculated as: 
(dopamine dose1)(dobutamine dose1) (adrenaline dose100) 
(noradrenaline dose100) (phenylephrine dose100), wherein 
all doses are expressed as µg/kg/min.The higher the score, 
the greater the vasopressor requirement [28].

Follow‑up

Our protocol aimed to keep postfilter ionized calcium at 
0.25–0.35 mmol/L. We monitored postfilter iCa, prefilter 
iCa, prefilter total calcium and acid–base balance at 1 min 
and then every 6 h. We also measured BUN, creatinine, 
phosphate, and magnesium daily.

Statistical analysis

Data analysis was performed using SPSS version 22. All 
the data were subjected to the D’ Agostino-Pearson’s test 
to assess variable distribution, and continuous nonnormally 
distributed variables were analyzed using the Mann–Whit-
ney test. Normally distributed variables were analyzed using 
two-tailed paired t test or one-way ANOVA and Bonferroni’s 
multiple comparison test. A p value < 0.05 was considered 
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statistically significant. The filter life span was compared 
between two treatment arms in the intention-to-treat prin-
ciple. The primary outcomes (CI and SVR) were analyzed 
as repeated measurement analysis. Overall survival for all 
patients was estimated by the Kaplan–Meier method. Cat-
egorical data were described as numbers and percentages. 
Continuous variables were described as means (with stand-
ard deviation, SD) or medians (with interquartile range, 
IQR).

Results

Of the 41 recruited patients, 20 were from King Chula-
longkorn Memorial Hospital and 21 patients were from 
Vajira Hospital. Their characteristics are presented in 
Table 1. Twenty-five (60.58%) were male, the mean age 
was 66.02 ± 15.62 years, and the mean body mass index 
was 23.97 ± 5.61. The Acute Physiology and Chronic Health 
Evaluation Score (APACHE) II of 23.73 ± 8.39 and was not 
different between the two groups. The main cause of AKI 
was sepsis (n = 29, 70.73%). The remaining causes were 
ischemia (n = 10), nephrotoxicity (n = 1, 2.43%), cardiore-
nal syndrome (n = 1, 2.43%) and multifactorial causes (n = 4, 
9.75%).

Twenty patients were randomized into the heparin-free 
group, and 11 patients were randomized into the citrate 
group. The randomization was well balanced between the 
treatment groups. All the patients had stage 3 AKI and ful-
filled the criteria for CRRT therapy.

Cardiovascular parameters

The cardiac performance data from the EV1000 are pro-
vided in Table 2. The cardiac output (CO), cardiac index 
(CI), systemic vascular resistance (SVR) and systemic vas-
cular resistance index (SVI) were not significantly differ-
ent between the heparin-free and citrate groups at any time 
point. The parameters were also not different from baseline 
values. The mean arterial blood pressure did not signifi-
cantly differ between the groups. However, during CRRT, 
the MAP in the citrate group was higher than that in the 
heparin-free group (81.70 ± 10.88 mmHg vs 75.27 ± 11.80; 
p = 0.927) mmHg 18 h after commencing CRRT. The cen-
tral venous pressure decreased in both groups as ultrafiltra-
tion was performed to remove excessive fluid (16.83 ± 7.87 
 cmH2O to 11.75 ± 11.69  cmH2O in the group at 72 h.). We 
also calculate the cathecholamine index (CAI) and did not 
find any significant different of CAI in both groups.

Fig. 1.  Study flowchart
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Acid–base balance

Overall, both treatment arms successfully corrected meta-
bolic acidosis compared with the baseline values. The 
baseline bicarbonate level was comparable in both groups 
(15.55 ± 7.30 mmol/L vs 17.48 ± 6.23 mmol/L, p = 0.368 in 
the heparin-free and citrate groups, respectively). By the 
end of 72 h, both groups had nearly normal bicarbonate 
levels (23.40 ± 3.05 mmol/L and 23.75 ± 1.26 mmol/L, pH 
7.42 ± 0.05 and 7.44 ± 0.05 in the heparin-free and citrate 
groups, respectively; p = 0.032). Slight metabolic alkalosis 
developed more frequently in the citrate group at a certain 
time point (24 h.) (28.00 ± 2.58 mmol/L). The bicarbonate 
levels returned to normal values more in the heparin-free 
group (∆HCO3 10.60 ± 5.41 VS 4.43 ± 2.57 p = 0.024 in the 
heparin-free and citrate groups, respectively).

Cytokine levels

The serum Il-1β, Il-6, Il-8, Il-10 and TNF-α were meas-
ured at baseline and 72 h after CRRT. The baseline levels 

of plasma Il-6 and Il-8 were significantly lower in the 
heparin-free group than in the citrate group (Table 3). At 
72 h, these biomarkers decreased from baseline but were 
not statistically significant. No significant differences were 
found in these biomarkers on day 3 within and between 
treatment arms.

Filter life span

The mean circuit lifetime was comparable in both groups, 
although the maximum lifetime (the maximum duration 
of time for the circuit that can run without clotting) in the 
circuit groups was longer in citrate group (44.64 ± 26.56 h. 
vs 36.63 ± 23.48 h in the citrate and heparin-free groups, 
respectively; p = 0.421). The heparin-free group changed 
filters slightly more frequently than the citrate group 
(1.55 ± 0.76 vs 1.37 ± 0.60 filters in the heparin-free and 
citrate groups, respectively; p = 0.42; Table 4).The postfilter 
ionized calcium was within the therapeutic range at every 
time point (data in the supplemental file).

Table 1  Study population characteristics at enrollment

Total Heparin-free (n = 20) citrate (n = 21) p value
n (%) | Mean ± SD n (%) | Mean ± SD n (%) | Mean ± SD

Study site 0.636
King chulalongkorn memorial hospital 20 (48.78) 9 (45.00) 11 (52.38)
Vajira hospital 21 (51.22) 11 (55.00) 10 (47.62)
Male gender 25 (60.98) 11 (55.00) 14 (66.67) 0.444
Mean age (Year) 66.02 ± 15.62 65.75 ± 17.24 66.29 ± 14.34 0.914
Underlying conditions
 Diabetes mellitus (%) 9 (21.95) 3 (15.00) 6 (28.57) 0.454
 Hypertension (%) 23 (56.10) 9 (45.00) 14 (66.67) 0.162
 Dyslipidemia (%) 19 (46.34) 7 (35.00) 12 (57.14) 0.155
 Ischemic heart disease (%) 7 (17.07) 2 (10.00) 5 (23.81) 0.410
 Peripheral arterial disease (%) 2 (4.88) 0 (0%) 2 (9.52) 0.488
 Malignancy (%) 11 (26.83) 4 (20) 7 (33.33) 0.335
 HIV infection (%) 2 (4.88) 1 (5.00) 1 (4.76) 1.000
 Alcoholism (%) 5 (12.20) 1 (5.00) 4 (19.05) 0.343
 Chronic liver disease (%) 5 (12.20) 3 (15.00) 2 (9.52) 0.663
 Height (cm) 162.71 ± 8.28 162.75 ± 8.32 162.67 ± 8.45 0.975
 Mean actual body weight (Kg) 63.44 ± 14.99 63.29 ± 14.68 63.59 ± 15.65 0.951
 Mean ideal body weight (Kg) 58.39 ± 10.66 58.80 ± 9.92 58.00 ± 11.54 0.814
 Mean body mass index (kg/m2) 23.97 ± 5.61 23.87 ± 5.18 24.06 ± 6.12 0.916
 Diagnosis of sepsis at enrollment 29 (70.73) 15 (75.00) 14 (66.67) 0.558
 Mean APACHE score at enrollment 23.73 ± 8.39 24.74 ± 8.55 22.81 ± 8.34 0.475
 Mean SOFA score at enrollment 13.10 ± 3.45 13.11 ± 2.51 13.10 ± 4.18 0.993

Mechanical ventilation
 Invasive 39(95.12) 20 (100.00) 19 (90.48) 0.488
 Non-invasive 2(4.87) – 2 (9.52)
 Mean serum bicarbonate at enrollment (mEq/L) 16.54 ± 6.76 15.55 ± 7.30 17.48 ± 6.23 0.368
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Safety

Four cases (9.75%) showed citrate accumulation (high anion 
gap metabolic acidosis and low plasma calcium), and one 

case (2.4%) had pre-existing liver dysfunction. For these four 
patients, therapy decreased the citrate flow rate in one case, 
and the clinical situation eventually improved. One patient 
had underlying liver disease with high transaminase levels, 

Table 2  Hemodynamic parameters measured by EV-1000 FLO-TRAC 

* One-way repeated measures ANOVA
** Two-way repeated measures ANOVA
Significant if p < 0.05
CI cardiac index, CO cardiac output, SVR systemic vascular resistance, SVI systemic vascular resistance index, CVP central venous pressure, 
MAP mean arterial pressure, CAI catecholamine index

n Baseline 6 h 12 h 18 h 24 h 72 h p value* p value**
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

CI
 Heparin-free 18 7.34 ± 15.62 5.15 ± 7.69 4.65 ± 6.01 4.70 ± 6.33 4.66 ± 5.20 4.85 ± 5.25 0.295 0.214
 Citrate 20 3.16 ± 1.41 2.99 ± 1.23 3.07 ± 1.36 3.06 ± 1.03 3.01 ± 1.30 2.99 ± 1.03 0.894

CO
 Heparin-free 20 5.52 ± 3.11 5.14 ± 2.64 5.01 ± 2.45 4.77 ± 2.47 5.21 ± 2.72 5.23 ± 2.67 0.243 0.759
 Citrate 21 5.11 ± 2.16 5.05 ± 2.36 4.78 ± 1.97 4.84 ± 1.75 4.80 ± 2.23 5.00 ± 2.20 0.734

SVR
 Heparin-free 20 1072.45 ± 497.69 1273.35 ± 824.83 1188.90 ± 610.72 1183.10 ± 698.12 1212.50 ± 713.20 1270.80 ± 824.55 0.535 0.133
 Citrate 20 971.80 ± 490.14 935.75 ± 516.50 954.85 ± 487.33 944.10 ± 448.94 935.00 ± 453.66 923.10 ± 443.62 0.865

SVI
 Heparin-free 19 37.00 ± 22.50 33.26 ± 18.58 30.95 ± 14.73 30.84 ± 15.84 33.63 ± 16.95 33.21 ± 17.58 0.203 0.796
 Citrate 21 31.86 ± 18.03 31.81 ± 16.58 32.38 ± 16.51 31.09 ± 14.30 31.19 ± 16.19 32.71 ± 17.26 0.922

CVP
 Heparin-free 19 15.95 ± 6.94 17.32 ± 7.36 16.32 ± 5.84 16.16 ± 7.68 16.32 ± 6.96 15.68 ± 6.79 0.588 0.861
 Citrate 19 16.37 ± 7.37 17.95 ± 6.96 17.05 ± 7.63 16.16 ± 6.51 16.26 ± 7.30 16.16 ± 7.48 0.485

MAP
 Heparin-free 20 72.00 ± 11.23 74.82 ± 13.55 77.18 ± 14.96 75.27 ± 11.80 77.55 ± 13.95 73.91 ± 15.21 0.792 0.927
 Citrate 21 72.30 ± 17.43 71.30 ± 10.72 78.90 ± 11.83 81.10 ± 10.88 73.37 ± 13.69 75.70 ± 15.28 0.435

CAI
 Heparin-free 20 30 (14.5–51.5) 9.5 (1–38) 0 (0–10) 0 (0) 0 (0) 0 (0) 0.35
 Citrate 20 51.7 (33.75–99.5) 35 (0–76.7) 7.5 (0–23) 0 (0–19) 0 (0 0 (0)

Table 3  Mean change of 
Inflammatory cytokine levels

Independent t test
Significant if p < 0.05

Total (n = 41) Heparin-free (n = 20) citrate (n = 21) p value
Mean ± SD Mean ± SD Mean ± SD

Day 1 (ng/mL)
 IL-1B 59.59 ± 243.99 9.17 ± 18.22 107.60 ± 337.33 0.197
 IL-6 6477.16 ± 13,081.35 1227.39 ± 1946.31 11,476.95 ± 16,877.11 0.012
 IL-8 2940.34 ± 6528.43 691.17 ± 790.51 5082.41 ± 8646.99 0.031
 IL-10 854.02 ± 2514.74 149.14 ± 221.9 1525.33 ± 3410.43 0.080
 TNF-alpha 57.45 ± 104.31 29.80 ± 18.79 83.77 ± 141.19 0.097

Day 3 (ng/mL)
 IL-1B 48.32 ± 240.99 4.66 ± 5.16 89.90 ± 335.27 0.263
 IL-6 5287.01 ± 12,634.76 843.95 ± 1166.46 9518.49 ± 16,716.46 0.028
 IL-8 2660.97 ± 6482.16 634.02 ± 803.22 4591.4 ± 8683.460 0.050
 IL-10 667.36 ± 2462.73 107.73 ± 125.45 1200.34 ± 3391.71 0.156
 TNF-alpha 47.50 ± 100.81 29.00 ± 20.76 65.12 ± 138.73 0.252
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and citrate administration was terminated. CRRT was con-
tinued without heparin for 6 h before the patient died. The 
total calcium to ionized calcium (T/iCa4) was more than 2.5 
in these cases.

The most frequent complications were hypernatremia 
(14%), hypocalcemia (7%), and hypomagnesemia (36.57%). 
No clinically significant hemorrhage was observed in the 
RCA group. Severe hypocalcemia  (iCa2+ < 0.9 mmol/L) was 
not observed. We found one case in the heparin-free group 
with upper gastrointestinal bleeding that was resolved with 
medical therapy.

Mortality

Among the 41 patients included in the study, 25 (60.97%) 
died while in the ICU (overall in-hospital mortality, 65.85%; 
Table  5). The median ICU length of stay was 8  days 
(3–24 days), and the median hospital length of stay was 
14 days (5–40 days). Among survivors, 13 (32.50%) required 
RRT at 28 days after commencing dialysis. No significant 
differences were found in dialysis dependence on day 28 and 
renal recovery between the treatment arms (Fig. 2).

Lactate level

After commencing CRRT, the blood lactate level decreased 
nonsignificantly from the baseline values in both groups. 
The mean differences in lactate from t (time) 72 h com-
pared with baseline were −  6.10 ± 5.85  mmol/L vs 
− 4.23 ± 5.44 mmol/L in the heparin-free vs citrate group 
(p = 0.631; Fig. 3).

Hemodynamic and respiratory support

More than 50% of all patients required inotropic support 
at baseline (Fig. 4). Most received norepinephrine (n = 36, 
92.31%). The remaining inotropic drugs were epinephrine 
(n = 15, 40.54%), dobutamine (n = 4, 10.81%) and dopamine 
(n = 5, 72.82%). The proportion of patients who required 
inotropic support was not different between the citrate and 
heparin-free groups. The respiratory support requirements 
were also comparable between the two treatment arms. Only 
two cases used non-invasive respiratory support in the citrate 
group. (Fig. 4).

Table 4  Circuit lifetime (hr)

Mann–Whitney U test
Significant if p < 0.05

Total (n = 39) Heparin-free (n = 20) citrate (n = 19) p value

Mean
 Mean ± SD 40.53 ± 25.04 36.63 ± 23.48 44.64 ± 26.59
 Median (IQR) 35 (18–68) 30.5 (17.25–57) 48 (18–72) 0.421

Minimum
 Mean ± SD 36.74 ± 26.56 31.05 ± 25.05 42.74 ± 27.45
 Median (IQR) 24 (13–68) 22.5 (10.5–53) 48 (16–72) 0.214

Maximum
 Mean ± SD 44.64 ± 26.53 42.7 ± 26.55 46.68 ± 27.08
 Median (IQR) 48 (22–72) 36 (18.5–72) 58 (22–72) 0.842

Count
 Mean ± SD 1.46 ± 0.68 1.55 ± 0.76 1.37 ± 0.60
 Median (IQR) 1 (1–2) 1 (1–2) 1 (1–2) 0.421

Table 5  Clinical outcomes Mortality, survival Citrate median (IQR) Heparin-free 
Median (IQR)

p value

ICU mortality, n (%) 12 (57.14) 13 (65.00) 0.606
ICU length of stay (days), median (IQR) 11 (3–27) 6 (3–23) 0.480
Hospital length of stay (days), median (IQR) 12 (35–38) 15 (6–40) 0.465
28 day mortality n (%) 13 (61.90) 14 (70.00) 0.585
28 day dialysis status n (%) 8 (38.10) 5 (26.32) 0.427
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Discussion

Citrate anticoagulates the extracorporeal circuit by chelat-
ing ionized calcium. Currently, the KDIGO recommends 
citrate as the first-line anticoagulation agent over heparin 
for CRRT in patients without citrate contraindication [5]. 
From our study, the baseline characteristics such as the 
cardiac performances, the level of inflammatory cytokines 
were not significantly different between the groups at any 
time point. Although CRRT can affect hemodynamic 
impact mainly form decreased intravascular volume and 
underlying cardiac problems, our patients group has sta-
ble hemodynamic parameters in both groups at every time 
point. The citrate group had tendency to have longer filter 
life time than heparin-free group although not statistically 

significant. The maximum filter survival time was insig-
nificantly longer in the RCA group than in the heparin-free 
group. No serious side effects were observed for either 
treatment arm, even in the group of liver dysfunction 
patients.

A previous report showed that citrate stabilized hemody-
namics during CRRT and could have renal protection dur-
ing early postischemic AKI [26]. Citrate also is superior in 
terms of safety and efficacy, with longer filter life span than 
heparin for continuous renal replacement therapy in criti-
cally ill children [29].However, citrate causes a decrease in 
arterial blood pressure [30]. Additionally, together with the 
hemodynamic response to CRRT (diminished CO, second-
ary to SVRI increase, and decreased cardiac filling pres-
sure) [25], citrate can, in contrast, be harmful to the patient. 
We demonstrated that citrate anticoagulation did not have 

Fig. 2  Survival curves of CRRT 
patients receiving heparin-
free and citrate anticoagulants 
(straight line, citrate group; 
dashed line, heparin-free 
group). The figure shows the 
Kaplan–Meier curve of the 
probability of survival from 
randomization to day 28. CI 
confidence interval, HR hazard 
ratio

Fig. 3  Lactate level of CRRT 
patients receiving heparin-free 
and citrate anticoagulants
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adverse effects on hemodynamics, cardiac output, or the 
cardiac index systemic vascular resistance index. Our find-
ings confirmed the safe use of citrate in critically ill patients 
even if some patients had liver impairment (n = 5, 12.20%). 
We chose the heparin-free protocol since this is the usual 
practice in our units and lessen the bleeding risks that can 
be encountered in the critically ill patients. Furthermore, 
the difference in heparin dosages among each patient may 
confound the filter lifespan interpretation in the trial.

Citrate positively affects mortality and renal recovery 
[26], possibly because of interference with inflammation 
and oxidative stress. The levels of cytokines (IL-6, IL-8, 
IL-10, IL-1β, TNFα), either in serum or urine, are elevated 
in AKI. Higher levels of these cytokines are associated with 
longer hospital stays and ventilator length [31]. Conflicting 
results exist on the circulating levels of these cytokines in 
CRRT patients who received RCA. Gattas et al. [19] found 
similar effects on the serum IL-6, IL-8 and IL-10 levels 
between citrate and heparin anticoagulation. Tirathanagul 
et al. [20] reported a significant decrease in systemic pre-
filter myeloperoxidase (MPO) and IL-8 in the CVVH with 
citrate group, whereas heparin provided only a significant 
TNF-α reduction; however, no survival benefit was identi-
fied. Citrate anion modulates oxidative metabolism, systemic 
inflammation and vascular function, increases glutathione 
production, and reduces complement and neutrophil acti-
vation [21]. We have demonstrated that CRRT effectively 
reduces these cytokine levels significantly from baseline, 
as explained by cytokine removal using the convective 

modalities of dialysis. However, citrate showed no benefit 
over the heparin-free group. The comparable dose delivery 
in both treatment arms might explain the similar clearance 
of the inflammatory cytokine in both modalities (Table 5).

Almost all the studies reported a significantly longer filter 
life span in the RCA group [32, 33]. Our studies demon-
strated prolonged filter survival in the citrate group but insuf-
ficient power to show statistical significance. The reason 
could be the low number of cases in this study. More than 
50% of our cases performed using the postdilution mode 
support the notion that postfilter replacement does not offset 
the advantageous effect of RCA on filter survival (Table 4). 
There was no difference in the rate of catheter malfunction 
between both groups. The actual delivered effluent was com-
parable in both groups.

Clotting was the main cause of circuit change in both the 
heparin-free and RCA groups. However, the scheduled filter 
change was more common and clinically relevant with the 
heparin-free group than with the citrate group (1.55 ± 0.76 
vs 1.37 + 0.60 filters in the heparin-free and citrate groups, 
respectively; p = 0.421), although the difference was not sta-
tistically significant. The incidence of bleeding was compa-
rable in both groups, although one case in the heparin-free 
group had severe GI bleeding.

The most common metabolic complication related to 
citrate is metabolic alkalosis because of citrate metabolism 
to bicarbonate in the liver. In our study, metabolic com-
plications were mild in all patients. Only hypernatremia 
was observed in only two cases and was not related to 

Fig. 4  Hemodynamic parameters of CRRT patients receiving heparin-free and citrate anticoagulants
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liver function impairment. The citrate flow rate might be 
too high (150 ml/h) in this case. Five patients with chronic 
liver diseases tolerated RCA very well. This finding is con-
sistent with that in a study from Klingele et al. [34] who 
demonstrated that citrate can be used in most cases with 
impaired liver function. They hypothesized that adequate 
citrate metabolism must be possible outside the liver. Taken 
together, hepatic dysfunction does not seem to be an obstacle 
to using citrate for CRRT. To date, a reduction in mortality 
has not been demonstrated in most studies [35]. We did not 
encounter any differences in mortality between the two arms, 
likely because of the low number of participants, resulting 
in underpower in the statistical analysis. Recently, the large 
clinical trial, the RICH Trial which included up to 1450 
critically ill patients with AKI requiring CRRT is currently 
underway to investigate the effect of RCA on filter life span 
and overall survival in a 90 day as compared with systemic 
heparin anticoagulation but did not examine hemodynamics 
as primary end point [36].

We acknowledge some limitations of our study. First, 
various CRRT machines were used, and some designs had 
heterogeneity in the pre- and postdilution mode (Infomed 
machine can only use the postdilution mode) that might 
occur after the circuit lifetime. However, the CRRT doses 
were equivalent, possibly reducing the clinical heterogene-
ity. Second, the number of participants was small (20 in 
each arm), and more than 50% died within 7 days. Third, 
there were diverse patient groups: leading to more missing 
data and an insufficient power for the outcome and diverse 
levels of inflammatory cytokines. However, our study dem-
onstrated the consistent reduction of these cytokines after 
CRRT in both arms, indicating the powerful effect of CRRT 
in reducing inflammation, more than the effect of citrate per 
se. Fourth, the minimally invasive hemodynamic measure-
ment become less accurate with changes in vascular tone and 
reactivity (for example, during pharmacologically induced 
vasoconstriction) [37]. Finally, several intrinsic patient char-
acteristics (valvular disease, arrhythmias) and more impor-
tantly, hospital course treatments (ventilation, vasopressors, 
inotropes, etc.) can impact hemodynamics. More sample 
sizes is needed to overcome the evenly distribute influential 
variables across the two arms and report on the impact of 
citrate on hemodynamics.

Conclusions

We found that RCA did not affect hemodynamic or cardio-
vascular changes during CRRT and produced a longer circuit 
survival time, although not statistically significant. The CO, 
CI, and SVRI stabilized during the treatment period, while 
fluid was continually removed (confirmed by CVP reduc-
tion). The adverse effects of citrate were minimal even in 

patients with liver dysfunction. CRRT effectively reduced 
inflammatory cytokines and may be beneficial in restoring 
renal function. The 28 day mortality was comparable. RCA 
is a valid alternative to traditional anticoagulation that is 
heparin free, because it reduces the bleeding risk and main-
tains the hemodynamic status with minimal adverse effects.
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