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Abstract

Background: Regional citrate anticoagulation (RCA) is a widely used strategy for continuous renal replacement
therapy (CRRT). Most of the current guidelines recommend liver failure as one of the contraindications for citrate
anticoagulation. However, some studies suggested that the use of citrate for CRRT in liver failure patients did not
increase the risk of citrate-related complications. The purpose of this systematic review is to summarize the current
evidences on the safety and efficacy of RCA for CRRT in liver failure patients.

Methods: We performed a comprehensive search on PubMed, Embase, and the Cochrane Library databases from
the inception to March 1, 2018. Studies enrolled adult (age > 18 years) patients with various levels of liver dysfunction
underwent RCA-CRRT were included in this systematic review.

Results: After the study screening, 10 observational studies with 1241 liver dysfunction patients were included in this
systematic review. The pooled rate of citrate accumulation and bleeding was 12% [3%, 22%] and 5% [2%, 8%],
respectively. Compared with the baseline data, the serum pH, bicarbonate, and base excess (BE), the rate of
metabolic alkalosis, the serum ionized calcium (ionCa) and total calcium (totCa) level, and the ratio of total
calcium/ionized calcium (totCa/ionCa) significantly increased at the end of observation. However, no significant
increase was observed in serum citrate (MD − 65.82 [− 194.19, 62.55]), lactate (MD 0.49 [− 0.27, 1.26]) and total
bilirubin concentration (MD 0.79 [− 0.70, 2.29]) at the end of CRRT. Compared with non-liver failure patients, the
live failure patients showed no significant difference in the pH (MD − 0.04 [− 0.13, 0.05]), serum lactate level (MD
0.69 [− 0.26, 1.64]), and totCa/ionCa ratio (MD 0.03 [− 0.12, 0.18]) during CRRT. The median of mean filter lifespan
was 55.9 h, with a range from 22.7 to 72 h.

Conclusions: Regional citrate anticoagulation seems to be a safe anticoagulation method in liver failure patients
underwent CRRT and could yield a favorable filter lifespan. Closely monitoring the acid base status and electrolyte
balance may be more necessary during RCA-CRRT in patients with liver failure.
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Background
Regional citrate anticoagulation (RCA) has become a widely
used strategy for continuous renal replacement therapy
(CRRT) [1]. The advantages of citrate anticoagulation
include the reduction of bleeding risk and extension of
extracorporeal circuit lifespan [2]. However, most of current
evidences on the use of citrate anticoagulation were limited
in patients without liver failure. For liver failure patients,
the risk of citrate accumulation might be potentially in-
creased because of the impaired citrate metabolism in the
citric acid cycle, which is mainly processed in the liver [3–
5].
Currently, the Kidney Disease Improving Global Out-

comes (KDIGO) organization recommends citrate as the
first-line anticoagulation agent over heparin for CRRT in
patients without citrate contraindication. In this clinical
practice guideline, severe liver failure was listed as one of
the contraindications of citrate anticoagulation, regarding
the potential citrate accumulation and the subsequent
metabolic complications [6]. In the Chinese Standard Op-
erating Procedure for blood purification, severe liver failure
was listed as one of the contraindications of citrate anticoa-
gulation for CRRT as well [7]. Link et al. reported that
citrate accumulation correlated to the hepatic clearance
and was an independent risk factor for 28-day mortality
[8]. However, several prospectively designed studies sug-
gested that RCA could be safely and effectively used for
CRRT in critically ill patients with liver dysfunction [9–11].
There are controversial results on the feasibility of RCA

in patients with liver failure among the published litera-
tures. Therefore, we performed this systematic review to
evaluate the safety and efficacy of RCA-CRRT in patients
with liver failure.

Method
Search strategy
We performed a comprehensive search on PubMed,
Embase, and Cochrane Library databases by using the
MeSH terms: liver failure, renal replacement therapy,
citrate, and anticoagulants. The searching was performed
on 1 March 2018. The MeSH terms and entry terms from
PubMed were also used in the search of Embase and
Cochrane Library. Furthermore, we manually searched the
reference list of the retrieved studies and review articles for
additional publications. There was no language restriction
in the searching.

Study selection
Studies with the following criteria were considered for
inclusion: (i) studies that included adult (age > 18 years)
patients with various levels of liver dysfunction and (ii) all
patients underwent CRRT and the anticoagulation strategy
was RCA. Studies with the following characteristics were
excluded: (i) full text was not available, (ii) studies that did

not analyze the safety and efficacy of RCA in patients with
liver failure, (iii) no data on the safety and efficacy of RCA
was available, (iv) sample size ≤ 5, and (v) the following
article styles: review articles, case reports, letters, edito-
rials, conference abstracts, and comments.

Study quality
A modified version of the Newcastle-Ottawa Scale [12]
was used to assess the quality of the included studies
(Additional file 1: Table S1). The scale includes eight items
that evaluate three aspects of quality: subject selection,
comparability of cohorts, and assessment of outcomes.
Study with a total score of 6–8, 4–5, and ≤ 3 was consid-
ered as high, moderate, and low quality, respectively.

Data collection
All criteria and needed data were defined before the study
screening and data collection. For study screening, the art-
icle type, title, and abstract were assessed first. Thereafter,
the full texts of the papers passed initial screening were
reviewed for the final exclusion. Furthermore, the following
information of the included papers was recorded: (i) origin
of the article, (ii) geographic origin, (iii) study type, (iv)
inclusion and exclusion criteria, (v) information relevant to
the quality of the study, (vi) baseline data of patients, (vii)
liver failure relevant data, and (viii) information relevant to
the safety and efficacy of RCA. Parameters only illustrated
in graph were extracted by using the Engauge Digitizer
software (version 9.8,© 2014 Mark Mitchell).

Statistical analysis
For continuous variables, median (IQR interquartile
range) was converted to mean ± SD (standard deviation),
according to the methods reported by Wan et al. [13].
For categorical variables, the incidence was calculated by
dividing the number of total patients by the number of
observed events. Mean and SD across studies were com-
bined according to the formula reported in the Cochrane
Handbook [14].
MD (mean difference) and RD (risk difference) were

pooled to evaluate the difference between the end of obser-
vation and the start of CRRT for continuous variables and
categorical variables, respectively. Heterogeneity of the in-
cluded studies was assessed by I2 statistic. The source of
heterogeneity was explored by sequentially excluding the
included studies. Subgroup analysis was conducted when
the patients were grouped according to the severity of liver
failure. The MD and RD were pooled using Review
Manager (RevMan) [Computer program]. Version 5.3.
Copenhagen: The Nordic Cochrane Centre, the Cochrane
Collaboration, 2014. The incidences of the outcomes were
pooled using R software (version 3.5.1,© 2018 the R Foun-
dation for Statistical Computing). A P value less than 0.05
was considered as a statistical significance. P value was
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assessed by using random effects model for I2 > 50% and
fixed effects model for I2 ≤ 50% [15].

Results
Selection of studies
The study inclusion flow chart is showed in Fig. 1. After
the searching, 139 references were identified. Of the
identified references, 47 and 51 were excluded because
of duplications and article types, respectively. Further-
more, 21 papers were excluded because they did not as-
sess the safety and efficacy of RCA-CRRT in liver failure
patients, and 4 papers were excluded because their
included patients were < 18 years old. At last, 15 articles
underwent full-text reviewing, 2 [16, 17] of which were
excluded because their sample sizes were less than 5.
Additionally, 3 studies were excluded because the
needed data were not reported. The full text of one
study was not available after searching several databases
and local libraries. Additionally, we got no responses
after sending several letters to the authors of this paper.
Finally, 10 studies [9–11, 18–24] with 1411 patients were
included in this systematic review.

Description of the included studies and patients
The characteristics of the 10 included studies are showed
in Table 1. All of the included studies were observationally

designed. And, 70% of the included studies enrolled retro-
spective cohort. The detailed protocols of RCA-CRRT in
these studies are showed in Table 2. The model of CRRT
was CVVHD in 5 (50%) studies, CVVHDF in 2 (20%)
studies, and SLED in 1 (10%) study. And the model of
CRRT was not reported in the remaining 2 (20%) studies.
Five (50%) studies [9, 10, 18, 20, 21] conducted compari-
sons between different time points during RCA-CRRT (in-
cluding 0–72 h, 0–24 h, 1–5 days, 1–7 days, and 0–7 days).
Four (40%) studies [11, 19, 22, 24] compared data across
groups divided by liver function. And two studies [23, 24]
compared data between the groups with or without citrate
accumulation.
The patients’ baseline characteristics are showed in

Table 3. Of the 1411 patients enrolled in the included
studies, 170 had normal liver function and the remaining
1241 had different levels of liver dysfunction. The reported
etiologies of liver dysfunction are the following: (i) decom-
pensated liver cirrhosis, (ii) acute liver failure, (iii) peri-
operative liver transplantation, (iv) cardio-surgery, and (v)
end-stage liver disease. The reported methods for evaluat-
ing the severity of liver failure include (i) the Model of
End-stage Live Disease (MELD) score, (ii) total bilirubin
(TB), (iii) Child-Pugh score, and (iv) prothrombin time
index (PTI) ≤ 30%. Three (30%) studies [9, 10, 18] graded
the severity of acute kidney injury (AKI) according to the

Fig. 1 Study inclusion flow chart
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Acute Kidney Injury Network classification (AKIN). The
most common cause of AKI was sepsis (44.5%, 207/465
patients).

Quality evaluation
The results of the quality assessment of the 10 observa-
tional studies using the Newcastle-Ottawa Scale are de-
scribed in Additional file 2: Table S2. Five studies [9, 11,
21–23] were scored 6–8 and were considered to be
high-quality study. And the remaining 5 studies [10, 18–
20, 24] were scored 4–5 and considered as moderate
quality study.

Efficacy
Filter lifespan
Of the included studies, 8 [11, 18–24] reported the mean
filter lifespan with a median of 55.9 h (IQR 32.8 to 68.9).
And the minimum and maximum mean filter lifespan
were 22.7 h [21] and 72 h [19], respectively (Table 2).
The number of filters with clotting events were available
in 5 studies [9, 11, 18, 19, 24], and the pooled rate of fil-
ter clotting was 10% (95% CI [3–16%]; I2 = 94%,
τ2 = 0.0055, P < 0.01, Fig. 2a).

Safety
Citrate accumulation
Eight studies [9–11, 18–20, 23, 24] reported the number
of patients with citrate accumulation, which was

identified by the increased ratio of totCa/ionCa. The
pooled rate of citrate accumulation was 12% (95% CI
[3–22%]; I2 = 93%, τ2 = 0.0170, P < 0.01, Fig. 2b). The
mean serum level of totCa/ionCa ratio was available in
four studies [11, 18, 20, 21]. The pooled result demon-
strated that the totCa/ionCa ratio increased slightly dur-
ing RCA-CRRT (MD − 0.10, 95% CI [− 0.19, − 0.01],
P = 0.02; I2 = 68%, P = 0.01, Fig. 2c). The mean serum cit-
rate concentration was available in two studies [9, 10].
And the pooled result demonstrated that no significant
difference was observed between the start and the end
of RCA-CRRT (MD − 65.82, 95% CI [− 194.19, 62.55],
P = 0.31; I2 = 99%, P < 0.001, Fig. 2d).

Bleeding
Three studies [11, 19, 21] reported the number of pa-
tients with bleeding, and the pooled rate of bleeding was
5% (95% CI [2–8%]; I2 = 44%, τ2 = 0.0008, P = 0.17,
Fig. 3a).

Total bilirubin
The data of total bilirubin were available in four stud-
ies [11, 20, 21, 23]. The pooled result demonstrated
that there were no significant difference in total bili-
rubin between the start and the end of RCA-CRRT
(MD 0.79, 95% CI [− 0.70, 2.29], P = 0.30; I2 = 57%,
P = 0.05, Fig. 3b).

Table 1 Characteristics of the included studies

Source Design Setting Exclusion Patients End-points

Schultheiss et al. [9]
(GER, 2012)

POS Medical ICU pH > 7.55 or < 7.1;
ionCa < 0.9 mmol/l

Cirrhosis; acute LF Circuit lifetime; acid-base status; electrolyte
balance; citrate accumulation

Lahmer et al. [10]
(GER, 2015)

POS Medical ICU pH > 7.55 or < 7.1;
ionCa < 0.9 mmol/l

Cirrhosis; acute LF Acid-base status; electrolyte balance; serum
citrate level

Slowinski et al. [11]
(Multicenter, 2015)

POS General, surgical
and medical ICUs

Former use of RCA;
participation in other
trials

LF Circuit lifetime; metabolic complications;
discharges status

Sponholz et al. [18]
(GER, 2015)

ROS Multidisciplinary
ICU

NR Liver transplantation Acid-base status; electrolyte balance

Durao et al. [19]
(BR, 2008)

ROS ICU of tertiary care
private hospital

NR LF Acid-base status; electrolyte balance

De Vico et al. [20]
(IT, 2015)

ROS Surgical ICU NR Cardiac surgery with LF TEG value, episodes of hypocalcemia

Saner et al. [21]
(GER, 2012)

ROS Surgical ICU Age < 18 years,
incomplete records

Liver transplantation Circuit lifetime; acid-base status; ionized
calcium

Balogun et al. [22]
(US, 2012)

ROS NR CRRT less than 24 h End-stage liver disease Circuit lifetime; metabolic complications;
discharges status

Klingele et al. [23]
(GER, 2017)

ROS Interdisciplinary
surgical ICU

ICG-PDR not
performed

Cirrhosis; viral hepatitis; liver
cancer

Metabolic disorders; predictors of citrate
accumulation and metabolic alkalosis

Yu et al. [24] (CN,
2018)

ROS ICU of an
university hospital

CRRT less than 24 h Acute LF Circuit survival time; acid-base status;
electrolyte balance; Lactate; blood
pressure; TMP

Abbreviations: AKI acute kidney injury, BR Brazil, CN China, CRRT continuous renal replacement therapy, GER Germany, IT Italy, ICU intensive care unit, ionCa ionized
calcium, ICG-PDR indocyanine green plasma disappearance rate, LF liver failure, NR not reported, POS prospective observational study, ROS retrospective
observational study, RCA regional citrate anticoagulation, TEG thrombelastography, TMP trans-membrane pressure, US United States
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Table 3 Baseline data of the enrolled patients

Study Sample
size

Age
(years)

F/M MELD
score

Total bilirubin
(mg/dl)

Child-Pugh
score

Creatinine
(mg/dl)

pH Serum ionized
calcium (mmol/l)

Schultheiss
et al. [9]

28 57 ± 11 8/20 36 ± 8.8 12 ± 14.7 12 ± 2.2 3.4 ± 2.0 7.29 ± 0.1 1.21 ± 0.08

Lahmer et al.
[10]

24 59 4/20 35 ± 6.5 18.4 ± 14.5 ≥ 10 3.8 ± 1.2 7.29 ± 0.05 1.14 ± 0.11

Slowinski et al.
[11]

133 63 ± 15 38/95 NR 7.3 NR 2.8 ± 1.35 7.33 1.08 ± 0.12

Sponholz et al.
[18]

89 54 ± 9.6 31/58 NR 7 ± 7.4 NR 2 ± 1.0 7.39 ± 0.07 1.11 ± 0.11

Durao et al.
[19]

143 66 ± 16 59/84 NR NR NR 1.5 ± 0.88 7.29 ± 0.11 1.06 ± 0.06

De Vico et al.
[20]

15 67.4 ± 11.9 5/10 NR 3.1 ± 3.38 NR 1.97 ± 0.88 7.38 ± 0.09 1.02 ± 0.06

Saner et al.
[21]

68 47.1 ± 11.8 28/40 23.1 ± 9.1 8.7 ± 8.1 NR 2.35 ± 1.01 7.37 ± 0.08 1.08 ± 0.03

Balogun et al.
[22]

697 56.4 281/416 17.7–44.81 11.4 NR ≥ 4 NR NR

Klingele et al.
[23]

69 59.1 ± 12.4 22/47 19.7 ± 9.6 9.5 ± 10.6 NR 2.7 ± 1.3 NR NR

Yu et al. [24] 145 59 ± 17.7 92/53 NR NR NR 2.7 ± 3 NR NR

Summarized 1411 57.9 568/843 25.2 ± 10.8 10.5 Grade C 2.44 ± 1.77 7.33 ± 0.1 1.08 ± 0.07

Abbreviations: F female, M male, MELD model of end-stage liver disease, NR not reported

Table 2 Characteristics of RCA-CRRT

Study Type of CRRT Device of CRRT Citrate
infusion

Calcium
infusion

CRRT doses
(ml/h)

Blood flow
(ml/min)

Postfilter ionCa
target (mmol/l)

Serum ionCa
target (mmol/l)

Mean filter
lifetime (h)

Schultheiss
et al. [9]

CVVHD HF440/Multifiltrate 4ac 1.7be 2000 100 0.25–0.35 1.12–1.20 NR

Lahmer
et al. [10]

SLED Genius system Local formula 10bd 9000 150 0.35–0.45 1.00–1.10 NR

Slowinski
et al. [11]

CVVHD Multifiltrate 4ac 1.7be NR NR 0.25–0.35 1.12–1.20 71.1

Sponholz
et al. [18]

CVVHD Multifiltrate 4ac 1.7be 2000 120 0.25–0.35 NR 29 ± 42.2

Durao
et al. [19]

CVVHDF Prisma M100/AN69
filter

140ad 70bd 2000 100 0.25–0.30 1.12–1.20 72 ± 22.2

De Vico
et al. [20]

CVVHDF Prismaflex System Local
formula

6.38bd NR 182 0.20–0.40 NR 49.76 ±
22.10

Saner et al.
[21]

CVVHD Fresenius ADM08/
F60S dialyzer

Local
formula

10% calcium
gluconate

1000 75–100 < 0.30 > 0.95 22.7 ±
14.6

Balogun
et al. [22]

NR Prisma system/
ST150 filter

180d 10bd 2000 180 NR NR 62.4

Klingele
et al. [23]

CVVHD Multifiltrate-CiCa 4ac 1.7be 2000 100 0.25–0.35 NR 62.2 ±
11.2

Yu et al.
[24]

NR Gambro Prismaflex/
AN69-M100 filter

NR 5%b 35 ml/h kg 3ml/
min·kg

0.25–0.45 1.0–1.2 44.2

Abbreviations: CRRT continuous renal replacement therapy, CVVHD continuous veno-venous hemodialysis, CVVHDF continuous veno-venous hemodiafiltration,
ionCa ionized calcium, NR not reported, RCA regional citrate anticoagulation, SLED sustained low-efficiency dialysis
a4% trisodium citrate
bCalcium chloride
cmmol/l blood
dml/h
emmol/l
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Acid-base status at the start of CRRT versus the end of
observation
The pooled results demonstrated that the pH (MD −
0.07, 95% CI [− 0.10, − 0.05], P < 0.001; I2 = 83%,
P < 0.001, Fig. 3c), serum bicarbonate (MD − 3.79,
95% CI [− 4.79, − 2.80], P < 0.001; I2 = 83%, P < 0.001,
Fig. 3d), and BE (MD − 4.57, 95% CI [− 6.46, − 2.68],

P < 0.001; I2 = 90%, P < 0.001, Additional file 3: Figure
S1A) increased significantly during RCA-CRRT. And
the rate of metabolic alkalosis increased by 38% (RD
− 0.38, 95% CI [− 0.48, − 0.28], P < 0.001; I2 = 44%,
P = 0.18) at the end of RCA-CRRT (Additional file 3:
Figure S1B). The pooled rate of metabolic alkalosis
was 13% (95% CI [0–35%]; I2 = 94%, τ2 = 0.0233,

Fig. 2 The pooled rates (95% CI) of filter clotting (a) and citrate accumulation (b), and the pooled MDs of totCa/ionCa ratio (c) and serum citrate
level (d) between the start of CRRT and the end of observation. CI, confidence interval; ionCa, ionized calcium; MD, mean difference; M, mild liver
failure group; S, Severe liver failure group; totCa, total calcium
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P < 0.01, Additional file 3: Figure S1C). No significant
change was observed in metabolic acidosis rate (RD
0.25, 95% CI [− 0.25, 0.75], P = 0.33; I2 = 97%,
P < 0.001, Additional file 3: Figure S1D) and serum
lactate (MD 0.49, 95% CI [− 0.27, 1.26], P = 0.21;
I2 = 66%, P = 0.02, Additional file 4: Figure S2A) at
the end of observation.

Serum calcium at the start of CRRT versus the end of
observation
As shown in Additional file 4: Figure S2B-C, both the
ionCa (MD − 0.07, 95% CI [− 0.11, − 0.03], P = 0.002;
I2 = 93%, P < 0.001) and totCa (MD − 0.30, 95% CI [− 0.45,
− 0.15], P < 0.001; I2 = 96%, P < 0.001) in the systemic circu-
lation increased significantly at the end of RCA-CRRT. The

Fig. 3 The pooled rates of bleeding (a) and the pooled MDs of total bilirubin (b), pH (c), and serum bicarbonate (d) between the start of CRRT
and the end of observation. CI, confidence interval; G1 group 1, G2 group 2, G3 group 3, G4 group 4; MD, mean difference; M, mild liver failure
group; S, Severe liver failure group
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rate of hypocalcemia was similar between the start and end
of CRRT (RD 0.06, 95% CI [− 0.19, 0.31], P = 0.62; I2 = 83%,
P = 0.003, Additional file 4: Figure S2D).

Liver failure patients versus non-liver failure patients
Two included studies [19, 24] compared the pH, serum
lactate, and totCa/ionCa ratio between liver failure
patients and non-liver failure patients. The pooled results
demonstrated that there were no significant differences in
pH (MD -0.04, 95% CI [− 0.13, 0.05], P = 0.34; I2 = 93%,
P < 0.001), serum lactate (MD 0.69, 95% CI [− 0.26, 1.64],
P = 0.16; I2 = 58%, P = 0.13), and totCa/ionCa ratio (MD
0.03, 95% CI [− 0.12, 0.18], P = 0.69; I2 = 84%, P = 0.01)
between the two groups (Additional file 5: Figure S3A-C).

Risk factors of citrate accumulation and circuit lifespan
There were three studies reported the risk factors of cit-
rate accumulation. One study [9] identified that baseline
serum lactate > 3.4mmol/l and pro-thrombin time < 26%
were independent risk factors of citrate accumulation.
And the elevated citrate level before the start of dialysis
was reported as one of the risk factors by another study
[10]. However, the remaining study [24] identified no risk
factor of the increased totCa/ionCa ratio. None of the 10
included studies conducted multivariate or univariate ana-
lysis to identify the risk factors of circuit lifespan.

Discussion
It is controversial on the use of RCA for CRRT in pa-
tients with liver failure. Our systematic review has sev-
eral findings on this field. First, RCA during CRRT did
not significantly increase the risk of citrate accumulation
in patients with liver dysfunction compared with the pa-
tients without liver dysfunction. Second, the acid-base
status time trend was from the acidotic range towards
alkaline during RCA-CRRT. Third, serum calcium in-
creased slightly and the rate of calcium disarrangement
was similar between the start and the end of CRRT.
Fourth, the liver failure patients had comparable pH,
serum lactate, and totCa/ionCa ratio during RCA-CRRT,
compared with non-liver failure patients. At last, in liver
failure patients, the filter lifespan of RCA-CRRT was
prolonged significantly. These findings could provide cli-
nicians helpful information on the use of RCA in liver
failure patients requiring CRRT.
Patients with liver dysfunction are prone to coagulopa-

thy that may contribute to extended CRRT filter lifespan
[25]. However, some researches proved that patients
with liver dysfunction have a parallel decrease in both
procoagulant and anticoagulant factors which leads to
coagulation system disorder, which means they could
have either a hypo- or hypercoagulable situation [26,
27]. Most likely, liver failure patients underwent CRRT
are at high risk of both bleeding and filter clotting. The

reported mean filter lifespan of liver failure patients
underwent CRRT without anticoagulation ranged from
7.4 to 12 h [28, 29]. In our systematic review, the pooled
median filter lifespan of RCA-CRRT were significantly
longer than the reported filter lifespan in CRRT without
anticoagulation. And the filter lifespan of RCA-CRRT in
liver failure patients was comparable with the previous
reported filter lifespan of RCA-CRRT in non-liver failure
patients, which was ranged from 24.2 to 82 h (median
48 h, IQR 26.85–76 h) [30–34].
In a meta-analysis, Liu et al. [2] demonstrated that the

pooled incidence of bleeding in RCA-CRRT groups was
4.2% in patients without liver failure. In a randomized
controlled study, Stucker et al. [35] reported that the in-
cidence of clotting events in RCA-CRRT filters was 6%
in no-liver failure patients. Our results suggested that
patients with liver failure and those without might have
comparable risk of bleeding and filter clotting.
During RCA-CRRT, about 30–70% of the adminis-

trated citrate could be removed by dialyzer, and the
remaining citrate enters the systemic circulation [36,
37]. In the setting of severe liver dysfunction, citrate
clearance is reduced by about 50%, which means liver
failure patients are more susceptible to citrate accumula-
tion [3, 5]. Khadzhynov et al. [38] reported that citrate
accumulation occurred in 32 (2.99%) out of 1070 pa-
tients underwent RCA-CRRT. And 11 of the 32 cases
(34%) had pre-existing liver dysfunction. In our present
systematic review, the pooled citrate accumulation rate
in liver failure patients is 12% (95% CI 3–22%), which is
higher than the previously reported incidence of citrate
accumulation in total patients.
However, we found out that most of the 8 studies [9–11,

18–20, 23, 24] in our systematic review identified citrate
accumulation only by the increased totCa/ionCa ratio.
Based on this criterion, Meier-Kriesche et al. [4] reported
that citrate accumulation occurred in 33% patients with
liver failure. Khadzhynov et al. [38] considered that the ion-
ized hypocalcemia, which could be induced by other
causes, was not specific enough for the diagnosis of citrate
accumulation and that the increased totCa/ionCa ratio
could not predict citrate accumulation in all cases. There-
fore, Khadzhynov et al. [38] recommended more rigorous
diagnosis criteria for citrate accumulation: (i) decreased
systemic ionized calcium, (ii) increased demand for
calcium substitution, (iii) elevated totCa/ionCa ratio, and
(iv) metabolic acidosis. Most likely, the citrate accumula-
tion incidences of the included studies were over-estimated
by only using the totCa/ionCa ratio.
Theoretically, liver failure patients did not loss all of

the liver citrate metabolization function and preserved
the ability of metabolizing citrate in the skeletal muscle
and kidney cortex [39]. Most likely, with carefully moni-
toring the serum totCa/ionCa level and timely adjusting

Zhang et al. Critical Care           (2019) 23:22 Page 8 of 11



CRRT model and citrate dose, citrate accumulation
could be additionally reduced in liver failure patients.
The pooled results demonstrated that the distribution of

pH, serum bicarbonate concentration, and BE shifted from
the acidotic range towards alkaline range during RCA-
CRRT. This phenomenon has been well explained in the
study by Schneider et al. [40]. In this study, the authors
considered the development of alkalosis in RCA-CRRT as
citrate overload. Commonly, the citrate overload could be
corrected by the reduction of citrate delivery without the
change of anticoagulant for CRRT. Additionally, most of
the included studies used the replacement solution and di-
alysates with fixed bicarbonate concentration. RCA-CRRT
could lead to plasma alkalization due to the metabolism of
citrate [1, 40]. Based on the additional bicarbonate load
during RCA-CRRT, the bicarbonate concentration should
be relevantly reduced to avoid the occurrence of alkalosis.
Mehta et al. [41] and Morgera et al. [42] reported that the
incidences of metabolic alkalosis in non-liver failure pa-
tients who received RCA-CRRT were 23% and 50%, re-
spectively. The significant heterogeneity of metabolic
alkalosis rate was also observed in our systematic review in
liver failure patients, which most likely due to the variation
of CRRT protocols.
Of the 10 included studies, only one study [11] re-

ported that 13 (15%) out of 85 liver failure patients
developed new episodes of metabolic acidosis during
RCA-CRRT. However, half of these patients had preex-
isting acidosis at the initiation of CRRT. In the
remaining 9 studies, the incidence of metabolic acidosis
was not clearly reported. Therefore, in further studies on
RCA-CRRT in liver failure patients, more attention
should be paid to the occurrence of metabolic acidosis.
Citrate anticoagulation might cause severe hypocalcemia,

especially when citrate metabolism was impaired due to
liver dysfunction [4, 43]. Severe systemic ionized hypocalce-
mia is a life-threatening complication, which may lead to
weakness, myocardial dysfunction, and death [44, 45].
However, the pooled results demonstrated that the ionCa
and totCa levels were significantly increased at the end of
CRRT. Additionally, the pooled incidences of hypocalcemia
at the start and end of CRRT were not significantly differ-
ent. These results suggest that RCA-CRRT performed
under the guidance of an appropriate protocol most likely
does not increase the risk of hypocalcemia in liver failure
patients.
For the potential increased risks of citrate-related com-

plications in liver failure patients, all of the included stud-
ies had employed some individualized prophylactic
methods (Additional file 6: Table S3). However, further
studies are needed to evaluate the efficacy of these
methods on the reduction of citrate-related complications.
There are some limitations in our systematic review.

First, we have not evaluated the potential publication

bias by funnel plots. It is reported that funnel plots gen-
erally are less useful in the context of observational
meta-analyses [46], and tests for funnel plot asymmetry
are not recommended for meta-analysis with less than
10 studies [47]. Second, the etiologies and severity of
liver failure, CRRT models, and RCA protocols are var-
ied across the included studies. Factors affected the
acid-base status and electrolyte balance may be compli-
cated by the variations of these important characteristics
[48]. Third, significant heterogenicity was observed
among the included studies, with I2 value ranged from
44 to 99%. We have conducted sensitivity and subgroup
analyses to try to find the cause of heterogenicity. How-
ever, all of these work failed to identify any explanation
for the significant heterogenicity. At last, all of the in-
cluded studies were observational studies and majority
of them did not have control group. In order to present
a stronger conclusion, we pooled the results of the com-
parisons between the start and end of observation and
the comparisons between the patients with different liver
function. Therefore, further well-designed studies are
warranted to evaluate the safety and efficacy of citrate
for CRRT in liver failure patients. Accordingly, we are
performing a retrospective study and a randomized con-
trolled trial to evaluate the efficacy of regional citrate
anticoagulation versus no-anticoagulation for CRRT in
patients with liver failure and increased bleeding risk.

Conclusion
RCA-CRRT might be safe and effective in liver failure
patients with a prolonged filter lifespan. The increased
risk of citrate accumulation is the major limitation of
RCA-CRRT, which most likely could be well addressed
by careful monitoring and timely strategy-adjusting. In-
tensive monitor of the acid base status and calcium pa-
rameters may be more necessary during RCA-CRRT in
patients with liver failure. Further studies with large
sample size, control group, prospective design, uni-
formed standards, and randomized assignment to the
intervention groups are needed to provide higher quality
evidences on the anticoagulation for CRRT in liver fail-
ure patients.

Additional files

Additional file 1: Table S1. The Modified version of the Newcastle-
Ottawa Scale for assessing the quality of nonrandomized studies in meta-
analyses. (DOCX 26 kb)

Additional file 2: Table S2. Methodological quality of the included
studies. (DOCX 20 kb)

Additional file 3: Figure S1. The pooled MD of BE (A), the pooled rates
of metabolic alkalosis (B), and the pooled RD of metabolic alkalosis (C)
and acidosis rate (D) between the start of CRRT and the end of
observation. BE, base excess; CI, confidence interval; MD, mean difference;
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M, mild liver failure group; RD, risk difference; S, Severe liver failure group.
(TIF 6718 kb)

Additional file 4: Figure S2. The pooled MD of serum lactate (A),
serum ionized calcium (B) and total calcium (C), and the pooled RD of
ionized hypocalcemia (D) between the start of CRRT and the end of
observation. All the results were demonstrated in forest plot. CI,
confidence interval; G1 group 1, G2 group 2, G3 group 3, G4 group 4;
MD, mean difference; M, mild liver failure group; RD, risk difference; S,
Severe liver failure group. (TIF 5817 kb)

Additional file 5: Figure S3. The pooled MD of pH (A), serum lactate
(B) and totCa/ionCa ratio (C) between the liver failure patients and non-
liver failure patient. CI, confidence interval; ionCa, ionized calcium; MD,
mean difference; totCa, total calcium; LF, liver failure. (TIF 2930 kb)

Additional file 6: Table S3. Management of metabolic complications
and citrate accumulation. (DOCX 20 kb)

Abbreviations
AKI: Acute kidney injury; AKIN: Acute Kidney Injury Network classification;
BE: Base excess; BR: Brazil; CI: Confidential interval; CN: China;
CRRT: Continuous renal replacement therapy; CVVHD: Continuous veno-
venous hemodialysis; CVVHDF: Continuous veno-venous hemodiafiltration;
F: Female; GER: Germany; ICG-PDR: Indocyanine green plasma disappearance
rate; ICU: Intensive care unit; ionCa: Ionized calcium; IQR: Inter-quartile range;
IT: Italy; KDIGO: Kidney Disease Improving Global Outcomes; LF: Liver failure;
M: Male; MD: Mean difference; MELD: Model of end-stage liver disease;
NR: Not reported; POS: Prospective observational study; PTI: Prothrombin
time index; RCA: Regional citrate anticoagulation; RD: Risk difference;
ROS: Retrospective observational study; SD: Standard deviation;
SLED: Sustained low-efficiency dialysis; TB: Total bilirubin;
TEG: Thrombelastography; TMP: Trans-membrane pressure; totCa: Total
calcium; US: United States

Acknowledgements
This work was supported by the Nephrology Department of Xijing Hospital,
the Fourth Military Medical University. All of the authors have made an
intellectual contribution to the manuscript.

Funding
This work was supported by the National Natural Science Foundation of
China (81700584).

Availability of data and materials
All data generated or analyzed during this study are from published articles.

Authors’ contributions
WZ and MB contributed equally to this work. WZ, MB, SS, and XC conceived
the study, participated in the design, collected the data, performed statistical
analyses and drafted the manuscript. YY, LL, and LZ performed statistical
analyses and helped to draft the manuscript. SS collected the data and
revised the manuscript critically for important intellectual content. XC
collected the data, performed statistical analyses and helped to revise the
manuscript critically for important intellectual content. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1The Nephrology Department of Xijing Hospital, the Fourth Military Medical
University, No. 127 Changle West, Road, Xi’an 710032, Shaanxi, China. 2State
Key Laboratory of Kidney Disease, Department of Nephrology, Chinese
People’s Liberation Army General Hospital and Military Medical Postgraduate
College, 28th Fuxing Road, Beijing 100853, China.

Received: 21 August 2018 Accepted: 10 January 2019

References
1. Oudemans-van Straaten HM, Kellum JA, Bellomo R. Clinical review:

anticoagulation for continuous renal replacement therapy--heparin or
citrate? Crit Care. 2011;15:202.

2. Liu C, Mao Z, Kang H, Hu J, Zhou F. Regional citrate versus heparin
anticoagulation for continuous renal replacement therapy in critically ill
patients: a meta-analysis with trial sequential analysis of randomized
controlled trials. Crit Care. 2016;20:144.

3. Apsner R, Schwarzenhofer M, Derfler K, Zauner C, Ratheiser K, Kranz A.
Impairment of citrate metabolism in acute hepatic failure. Wien Klin
Wochenschr. 1997;109:123–7.

4. Meier-Kriesche HU, Gitomer J, Finkel K, DuBose T. Increased total to ionized
calcium ratio during continuous venovenous hemodialysis with regional
citrate anticoagulation. Crit Care Med. 2001;29:748–52.

5. Kramer L, Bauer E, Joukhadar C, Strobl W, Gendo A, Madl C, et al. Citrate
pharmacokinetics and metabolism in cirrhotic and noncirrhotic critically ill
patients. Crit Care Med. 2003;31:2450–5.

6. Kidney Disease. Improving global outcomes (KDIGO) acute kidney injury
work group. KDIGO clinical practice guidelines for acute kidney injury.
Kidney Int Suppl. 2012;2:1–138.

7. Chen X. Anticoagulation in blood purification: contraindications. In: Sun X,
Ding X, Liu F, Liu Z, Chen J, Mei C, editors. Blood purification standard
operating procedure (SOP). Beijing: PEOPLE'S MILITARY MEDICAL PRESS;
2010. p. 45.

8. Link A, Klingele M, Speer T, Rbah R, Poss J, Lerner-Graber A, et al. Total-to-
ionized calcium ratio predicts mortality in continuous renal replacement
therapy with citrate anticoagulation in critically ill patients. Crit Care. 2012;
16:R97.

9. Schultheiss C, Saugel B, Phillip V, Thies P, Noe S, Mayr U, et al. Continuous
venovenous hemodialysis with regional citrate anticoagulation in patients
with liver failure: a prospective observational study. Crit Care. 2012;16:R162.

10. Lahmer T, Messer M, Rasch S, Beitz A, Schnappauf C, Schmid RM, et al.
Sustained low-efficiency dialysis with regional citrate anticoagulation in
medical intensive care unit patients with liver failure: a prospective study. J
Crit Care. 2015;30:1096–100.

11. Slowinski T, Morgera S, Joannidis M, Henneberg T, Stocker R, Helset E, et al.
Safety and efficacy of regional citrate anticoagulation in continuous
venovenous hemodialysis in the presence of liver failure: the Liver Citrate
Anticoagulation Threshold (L-CAT) observational study. Crit Care. 2015;19:349.

12. GA. W, B. S, D. OC. The Newcastle-Ottawa Scale (NOS) for assessing the quality
of nonrandomised studies in meta-analyses. In: Clinical epidemiology program.
The Ottawa Hospital Research Institute. 2011. http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp. Accessed 15 Apr 2018.

13. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol. 2014;14:135.

14. JPS. H, S G, (editors). Cochrane Handbook for Systematic Reviews of
Intervention. In: Version 5.1.0 (Table 7.7.a) [updated March 2011]. The
Cochrane Collaboration. 2011. http://handbook-5-1.cochrane.org/. Accessed
25 Apr 2018.

15. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327:557–60.

16. Wonnacott R, Josephs B, Jamieson J. CRRT regional anticoagulation using
citrate in the liver failure and liver transplant population. Crit Care Nurs Q.
2016;39:241–51.

17. Pertica N, Cicciarella L, Carraro A, Montin U, Violi P, Lupo A, et al. Safety and
efficacy of citrate anticoagulation for continuous renal replacement therapy
for acute kidney injury after liver transplantation: a single-center experience.
Transplant Proc. 2017;49:674–6.

18. Sponholz C, Settmacher U, Bauer M, Kortgen A. Regional citrate
anticoagulation for continuous renal replacement therapy in the

Zhang et al. Critical Care           (2019) 23:22 Page 10 of 11

https://doi.org/10.1186/s13054-019-2317-9
https://doi.org/10.1186/s13054-019-2317-9
https://doi.org/10.1186/s13054-019-2317-9
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://handbook-5-1.cochrane.org/


perioperative care of liver transplant recipients: a single center experience.
Ther Apher Dial. 2015;19:8–15.

19. Durao MS, Monte JC, Batista MC, Oliveira M, Iizuka IJ, Santos BF, et al. The
use of regional citrate anticoagulation for continuous venovenous
hemodiafiltration in acute kidney injury. Crit Care Med. 2008;36:3024–9.

20. De Vico P, Messino V, Tartaglione A, Beccaris C, Buonomo C, Talarico D, et
al. Safety and efficacy of citrate anti-coagulation continuous renal
replacement therapies in post-cardiac surgery patients with liver
dysfunction. Ther Apher Dial. 2015;19:272–8.

21. Saner FH, Treckmann JW, Geis A, Losch C, Witzke O, Canbay A, et al. Efficacy
and safety of regional citrate anticoagulation in liver transplant patients
requiring post-operative renal replacement therapy. Nephrol Dial Transplant.
2012;27:1651–7.

22. Balogun RA, Turgut F, Caldwell S, Abdel-Rahman EM. Regional citrate
anticoagulation in critically ill patients with liver and kidney failure. J
Nephrol. 2012;25:113–9.

23. Klingele M, Stadler T, Fliser D, Speer T, Groesdonk HV, Raddatz A. Long-term
continuous renal replacement therapy and anticoagulation with citrate in
critically ill patients with severe liver dysfunction. Crit Care. 2017;21:294.

24. Yu Y, Peng S, Cen Z, Cai J, Wang W, Tang Y, et al. Applying regional citrate
anticoagulation in continuous renal replacement therapy for acute kidney
injury patients with acute liver dysfunction: a retrospective observational
study. Kidney Blood Press Res. 2018;43:1065–74.

25. Amitrano L, Guardascione MA, Brancaccio V, Balzano A. Coagulation
disorders in liver disease. Semin Liver Dis. 2002;22(1):83–96.

26. Tripodi A, Primignani M, Chantarangkul V, Dell'Era A, Clerici M, de Franchis
R, et al. An imbalance of pro- vs anti-coagulation factors in plasma from
patients with cirrhosis. Gastroenterology. 2009;137:2105–11.

27. Tripodi A, Primignani M, Lemma L, Chantarangkul V, Dell'Era A, Iannuzzi F, et al.
Detection of the imbalance of procoagulant versus anticoagulant factors in
cirrhosis by a simple laboratory method. Hepatology. 2010;52:249–55.

28. Agarwal B, Shaw S, Shankar Hari M, Burroughs AK, Davenport A. Continuous
renal replacement therapy (CRRT) in patients with liver disease: is circuit life
different? J Hepatol. 2009;51:504–9.

29. Chua HR, Baldwin I, Bailey M, Subramaniam A, Bellomo R. Circuit lifespan
during continuous renal replacement therapy for combined liver and
kidney failure. J Crit Care. 2012;27:744.e747–15.

30. Mehta RL, McDonald BR, Aguilar MM, Ward DM. Regional citrate
anticoagulation for continuous arteriovenous hemodialysis in critically ill
patients. Kidney Int. 1990;38:976–81.

31. Palsson R, Niles JL. Regional citrate anticoagulation in continuous
venovenous hemofiltration in critically ill patients with a high risk of
bleeding. Kidney Int. 1999;55:1991–7.

32. Kutsogiannis DJ, Mayers I, Chin WD, Gibney RT. Regional citrate
anticoagulation in continuous venovenous hemodiafiltration. Am J Kidney
Dis. 2000;35:802–11.

33. Gabutti L, Marone C, Colucci G, Duchini F, Schonholzer C. Citrate
anticoagulation in continuous venovenous hemodiafiltration: a metabolic
challenge. Intensive Care Med. 2002;28:1419–25.

34. Monchi M, Berghmans D, Ledoux D, Canivet JL, Dubois B, Damas P. Citrate
vs. heparin for anticoagulation in continuous venovenous hemofiltration: a
prospective randomized study. Intensive Care Med. 2004;30:260–5.

35. Stucker F, Ponte B, Tataw J, Martin PY, Wozniak H, Pugin J, et al. Efficacy and
safety of citrate-based anticoagulation compared to heparin in patients
with acute kidney injury requiring continuous renal replacement therapy: a
randomized controlled trial. Crit Care. 2015;19:91.

36. Simpson DP. Citrate excretion: a window on renal metabolism. Am J Phys.
1983;244:F223–34.

37. Mariano F, Morselli M, Bergamo D, Hollo Z, Scella S, Maio M, et al. Blood
and ultrafiltrate dosage of citrate as a useful and routine tool during
continuous venovenous haemodiafiltration in septic shock patients. Nephrol
Dial Transplant. 2011;26:3882–8.

38. Khadzhynov D, Schelter C, Lieker I, Mika A, Staeck O, Neumayer HH, et al.
Incidence and outcome of metabolic disarrangements consistent with
citrate accumulation in critically ill patients undergoing continuous
venovenous hemodialysis with regional citrate anticoagulation. J Crit Care.
2014;29:265–71.

39. Zheng Y, Xu Z, Zhu Q, Liu J, Qian J, You H, et al. Citrate pharmacokinetics in
critically ill patients with acute kidney injury. PLoS One. 2013;8:e65992.

40. Schneider AG, Journois D, Rimmele T. Complications of regional citrate
anticoagulation: accumulation or overload? Crit Care. 2017;21:281.

41. Mehta RL, McDonald BR, Ward DM. Regional citrate anticoagulation for
continuous arteriovenous hemodialysis. An update after 12 month. Contrib
Nephrol. 1991;93:210–4.

42. Morgera S, Scholle C, Voss G, Haase M, Vargas-Hein O, Krausch D, et al.
Metabolic complications during regional citrate anticoagulation in
continuous venovenous hemodialysis: single-center experience. Nephron
Clin Pract. 2004;97:c131–6.

43. Diaz J, Acosta F, Parrilla P, Sansano T, Contreras RF, Bueno FS, et al.
Correlation among ionized calcium, citrate, and total calcium levels during
hepatic transplantation. Clin Biochem. 1995;28:315–7.

44. Llach F, Weidmann P, Reinhart R, Maxwell MH, Coburn JW, Massry SG. Effect
of acute and long-standing hypocalcemia on blood pressure and plasma
renin activity in man. J Clin Endocrinol Metab. 1974;38:841–7.

45. Zaloga GP. Hypocalcemia in critically ill patients. Crit Care Med. 1992;20:
251–62.

46. Egger M, Schneider M, Davey Smith G. Spurious precision? Meta-analysis of
observational studies. BMJ. 1998;316:140–4.

47. Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al.
Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ. 2011;343:d4002.

48. Morimatsu H, Uchino S, Bellomo R, Ronco C. Continuous renal replacement
therapy: does technique influence electrolyte and bicarbonate control? Int J
Artif Organs. 2003;26:289–96.

Zhang et al. Critical Care           (2019) 23:22 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Method
	Search strategy
	Study selection
	Study quality
	Data collection
	Statistical analysis

	Results
	Selection of studies
	Description of the included studies and patients
	Quality evaluation
	Efficacy
	Filter lifespan

	Safety
	Citrate accumulation
	Bleeding
	Total bilirubin
	Acid-base status at the start of CRRT versus the end of observation
	Serum calcium at the start of CRRT versus the end of observation
	Liver failure patients versus non-liver failure patients
	Risk factors of citrate accumulation and circuit lifespan


	Discussion
	Conclusion
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

