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Abstract
Background: Hemodialysis among critical care patients with acute kidney injury (AKI) is challenging, especially if heparin is contraindicated.
Objectives: This study assessed the utility of citrate dialysis for such patients in a limited-resource setting.
Methods: In this prospective study, patients were divided into group A (heparin-free saline flush dialysis), group B (heparin-free
citrate dialysis without flushing), and group C (heparin-free citrate dialysis with flushing). The subjects underwent completed sustained low-efficiency daily dialysis (blood flow = 150 mL/minute, dialysate = 300 mL/minute) or intermittent hemodialysis (blood
flow = 250 mL/minute, dialysate flow = 500 mL/minute). Statistical tests using SPSS software (version 26) were used to determine
safety and effectiveness differences.
Results: Among 25 patients studied with multiple hemodialysis sessions, blood flow and dialysate flow were observed to be better
in heparin-free citrate dialysis with flushing. There were further advantages of lesser dialyzer clotting and more reuse of dialyzers. Metabolic differences were insignificant. Heparin-free citrate dialysis with or without flushing was equally effective and safe,
compared to heparin-free saline flush dialysis, in patients with or without liver impairment.
Conclusions: Citrate dialysis is observed to be a safe and effective alternative to heparin-free saline flushing dialysis in intensive
care unit patients with AKI. More such studies are required in limited-resource settings to utilize citrate dialysis in patients with
heparin contraindication.
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1. Background
Acute kidney injury (AKI) patients in the intensive care
unit (ICU) are complex to manage (1). Despite advances
in renal replacement therapy (RRT) and critical care in recent years, the mortality rate remained high (2, 3). The
risk, injury, failure, loss of kidney function, and end-stage
renal failure (RIFLE) criteria consist of three graded levels
of injury (i.e., risk, injury, and failure) based upon either
the magnitude of the rise in serum creatinine or fall in
urine output and two outcome measures (i.e., loss of kidney function and end-stage kidney disease [ESKD]) (4).
Heparin is the conventional anticoagulant used during hemodialysis. When there are contraindications for
heparin use, namely perioperative period, active bleeding,
deranged coagulation profile, or heparin-induced throm-

bocytopenia, it is necessary to resort to heparin-free dialysis in AKI patients admitted to the ICU. Dialyzer clotting
is common in patients undergoing heparin-free dialysis (5,
6).
Citrate dialysis, where citric acid functions as an anticoagulant, is an alternative to heparin-free dialysis with
advantages, such as less dialyzer clotting, more dialyzer
reuse, and a better-delivered dose of dialysis. Citrate
dialysate has been successfully used in regional citrate anticoagulation (RCA) and has been more effective than repeated saline flushing of the extracorporeal circuit (7). Citrate accumulation/toxicity due to failure to metabolize citrate, especially in chronic liver disease patients, is a rare
problem due to the low concentration of citrate used in
the dialysate. Citrate dialysate has been used for sustained
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low-efficiency daily dialysis (SLEDD) without any evidence
of citrate accumulation or development of hypocalcemia
in the presence of severe liver dysfunction (8, 9).

2. Objectives
The current study aimed to assess the safety and effectiveness of citrate dialysis as an alternative to heparin-free
saline flushing dialysis in ICU patients with AKI.

3. Methods
This prospective study was carried out at a tertiary
care hospital in Mumbai, India. The patients were selected
from those admitted to the ICU with AKI and the need for
heparin-free dialysis.
3.1. Inclusion Criteria
(1) Age >18 years
(2) Patients with AKI or acute, chronic kidney disease
requiring heparin-free dialysis in the ICU with one or more
of the following criteria:
(a) Patients with active bleeding
(b) Platelet count < 50,000 and/or international normalized ratio > 1.5 or partial thromboplastin time > 50%
above the control value
(c) Pericarditis
(d) Perioperative patients for whom heparin could not
be used.
3.2. Exclusion Criteria
(1) Patients requiring heparin-free dialysis but for
whom heparin or other anticoagulant was used to treat
other conditions (e.g., probable or proven deep vein
thrombosis, pulmonary embolism, and unstable angina).
(2) Patients requiring continuous renal replacement
therapy
(3) Hepatitis B, C, or human immunodeficiency viruspositive patients
(4) Patients who were unwilling to participate in the
study
3.3. Criteria for Data Determination
After obtaining written, valid, informed consent and
fulfilling selection criteria, the patients were enrolled in
the study and randomized into one of the three groups.
The data were collected for 6 months in 2011. Group A
(heparin-free saline flush dialysis, 100 mL saline flushing
every 15 minutes), group B (heparin-free citrate dialysis
2

without flushing), and group C (heparin-free citrate dialysis with flushing, 200 mL saline flush every hour) underwent completed SLEDD (blood flow = 150 mL/minute,
dialysate = 300 mL/minute) or intermittent hemodialysis
(IHD) (blood flow = 250 mL/minute, dialysate flow = 500
mL/minute).
A Citrasate® solution was used in the present study.
It was similar to the bicarbonate dialysis solution, except
for having 2.4 mEq/L citrate and acetic acid of 0.3 mEq/L
instead of 4 mEq/L in the bicarbonate dialysis solution. A
small amount of citrate (0.8 mmol/L, i.e., 2.4 mEq/L) was
used in comparison to that of RCA (4 mmol/L). This solution was used instead of acetic acid as the acidifying
agent. This citrate binds with calcium and inhibits blood
coagulation at the dialyzer membrane surface, resulting
in better dialyzer clearance, less dialyzer clotting, and increased reuse. Citrasate® concentrate is available in all
standard concentrations and formulations, requiring it to
be poured into a standard A concentrate container and attached to the dialysis system. Therefore, no additional patient or system monitoring is needed beyond those typically employed in standard dialysate formulations treatment (10).
All dialysis sessions were carried out with Fresenius
4008S machines, and F6 dialyzers were used for all patients
(11). The fiber bundle volume (FBV) was calculated (by machine) after each dialysis session, and a dialyzer with FBV
of > 80% of the baseline value of that session was reused
for the next session. The present study was approved by
the Ethics Committee of PD Hinduja National Hospital and
Medical Research Centre, Mumbai, India.
Completed treatment was defined as completing treatment duration as ordered (4 or 6 hours). The clotting of the
dialyzer was defined as the early discontinuation of dialysis, beyond 30 minutes, prior to the prescribed time due to
circuit clotting in either the lines, chambers, or dialyzer itself (45, 46). The Simplified Acute Physiology Score II [SAPS
II] was calculated for each patient after 24 hours of ICU stay
(12).
3.4. Data Analysis
Statistical methods used in this study were Pearson’s Chi-square test, student t-test, analysis of variance
(ANOVA), and Mann-Whitney U test. Quantitative data were
represented in the form of mean ± standard deviation or
median (interquartile range) as per the distribution of the
variable, with the former used in cases of data with normality and the latter in the absence of the same. Accordingly, depending upon the normality status, a comparison
of quantitative variables by variables with two subgroups
was made using an unpaired t-test or Mann-Whitney U test,
respectively. The comparison of quantitative data between
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more than two subgroups of a nominal variable was made
using one-way ANOVA. If a significant difference was observed, an appropriate posthoc test was applied for pairwise comparison. The data were analyzed using SPSS software (version 26).
4. Results
As shown in Table 1, critically ill patients in the ICU with
AKI requiring heparin-free dialysis were included in this
study (n = 25). Moreover, 17 (68%) and 8 (32%) patients were
male and female, respectively. Deranged coagulation profile (laboratory abnormalities), external or internal bleeding and perioperative period were the indications for inclusion in the study in 21 (80%), 3 (12%), and 1 (4%) patients,
respectively. Based on the results, 24 (96%) and 1 (4%) patients were in the failure and injury stages, as per the RIFLE criterion for AKI, respectively. Medical, surgical, and
obstetric causes of AKI were present in 20 (80%), 4 (16%),
and 1 (4%) patients, respectively. Acute tubular necrosis (ischemic or toxic) was the most common cause of AKI (48%),
followed by sepsis (44%) and prerenal (8%) issues.
The age of the patients ranged from 26 to 86 years,
with the elderly (media = 63) reported as the majority of
the study population. The mean age of group A (63 years),
group B (60 years), and group C (61 years) did not vary
statistically, with a p-value of 0.936. The median SAPS II
score among the study population was 63. The patients in
group A had a lower SAPS II score than group B (P = 0.0059);
however, the difference was insignificant in other comparisons. In 198 dialysis sessions for groups A-C, 63% and 37%
of the sessions were SLEDD and IHD, respectively. The IHD
was the lowest in group B (6%), in which 94% of the patients
received SLEDD.
The groups differed in blood flow and dialysate flow
based on ANOVA. In addition, Tukey’s posthoc analysis revealed differences between groups A and B and groups B
and C for both blood and dialysate flow (more details in Table 2).
Table 3 shows that although there was no significant
difference in dialyzer clotting among the three groups, the
number of dialyzer clotting in group C was less than B and
in B less than A.
As shown in Table 4, the average reuse of the dialyzer
was higher in group B > A (P = 0.018); nevertheless, the difference was not significant in other comparisons.
The percentage of incomplete and complete treatments was not different in the three groups. Dialysis
needed to be terminated before completion during 11 out
of 198 sessions (5.6%), among which dialyzer clotting and
persistent hypotension were the indications for the termination in 8 and 3 sessions, respectively. The groups did not
Nephro-Urol Mon. 2022; 14(3):e124164.

differ significantly in fall in pre- to postdialysis FBV (P >
0.5).
The difference in the urea reduction ratio (URR) among
the three groups was not significant, indicating that the
delivered dose of dialysis (URR in this study) was not different in the three groups. However, the rise in pre- to postdialysis bicarbonate in all the three groups was significant
(P < 0.01). Table 5 shows the differences in ionized calcium
among the three groups.
The bicarbonate and ionized calcium in patients without liver dysfunction showed a significant improvement
after dialysis; nonetheless, there was no significant difference in patients with liver dysfunction. The mortality rate
of critically ill patients requiring dialysis for AKI in the ICU
was 40% in the present study. There was no significant difference among the three groups in this regard.

5. Discussion
Numerous patients in the ICU with AKI need RRT, and
the mortality rate is still high despite advances in RRT and
critical care. Extracorporeal circuit clotting in patients
who need heparin-free dialysis can be prevented by either
RCA or a low concentration of citric acid. A bicarbonate
dialysis solution with a low concentration (0.8 mmol/L) of
citric acid is better than heparin-free saline flush dialysis.
In the present study, there were fewer dialyzer clotting
episodes with citrate dialysis without flushing than saline
flush dialysis (group B < A); however, it was not significant,
which could be due to the smaller number of dialysis sessions in the study. Madison et al. demonstrated significantly fewer dialyzer clotting episodes in citrate without
flushing than in saline flushing p (13). The present study
showed that the average reuse of dialyzer was significantly
higher in citrate without flushing than in saline flush (B
> A) group, which could be explained by less dialyzer clotting in group B. Dialyzer reuse is recommended in limitedresource countries (14).
There was no difference in the percentage of completed treatments among the three groups. The delivered
dose of the dialysis (URR in this study) was comparable in
the three groups. The present study showed a significant
rise in postdialysis bicarbonate levels in all three groups;
nevertheless, the values remained normal. There was a
postdialysis rise in ionized calcium in the citrate group
(groups B and C) in the present study. No episode of clinically significant hypocalcemia was noted in the present
study population, indicating the safety of citrate dialysis,
precluding the need to monitor ionized calcium. Hypocalcemia with citrate dialysis is reported in other studies (15,
16). The present study demonstrated that citrate dialysis
3
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Table 1. Baseline Characteristics of Patients (n = 25)
Variables

No.

Mean ± Standard Deviation

Minimum

Maximum

Median

Age (y)

25

61.40 ± 14.47

26.00

86.00

63.00

Systolic blood pressure (mmHg)

25

129.38 ± 22.23

86.00

180.00

126.00

Diastolic blood pressure (mmHg)

25

66.50 ± 13.76

40.00

100.00

70.00

Simplified Acute Physiology Score II

25

60.24 ± 17.71

29.00

97.00

63.00

Number of inotropes

25

1.00 ± 0.91

0.00

3.00

1.00

Bicarbonate (mEq/L)

25

18.47 ± 5.04

6.00

26.00

18.00

Hemoglobin (gm%)

25

9.39 ± 2.84

6.00

16.00

8.85

Platelets (cmm)

25

71807.69 ± 66093.28

14000.00

264000.00

46500.00

International normalized ratio

18

1.72 ± 0.62

1.20

3.80

1.46

Table 2. Comparison of Variables (Blood and Dialysate Flow) in Three Groups a , b
Group

Mean ± Standard deviation

No.

Median

P-Value

Pairwise Comparison * #

P-Value

< 0.0

Blood flow (mL/minute)
A

72

191.67 ± 49.65

150.00

A vs. B

< 0.05

B

66

159.09 ± 28.97

150.0; 150.00; 100

A vs. C

> 0.05

C

60

213.33 ± 48.60

250.00

B vs. C

< 0.05

72

383.33 ± 99.29

300.00

A vs. B

< 0.05

< 0.001

Dialysate flow (mL/minute)
A
B

66

318.18 ± 57.94

300.00

A vs. C

> 0.05

C

60

426.67 ± 97.19

500.00

B vs. C

< 0.05

Abbreviations: A, heparin-free saline flush; B, heparin-free citrate dialysis without flushing; C, heparin-free citrate dialysis with flushing.
a
One-way analysis of variance
b
Tukey’s posthoc test for multiple comparisons

Table 3. Comparison of Dialyzer Clotting in Three Groups
Group

Dialyser clotting

Total

A

B

C

n

25 (34.7)

16 (24.2)

11 (18.3)

52 (26.3)

No

n

47 (65.3)

50 (75.8)

49 (81.7)

146 (73.7)

Total

n

72 (100)

66 (100)

60 (100)

198 (100)

Value: 4.748

df: 2

P-value 0.093

Yes

Pearson chi-square test

No significant association

Abbreviations: A, heparin-free saline flush; B, heparin-free citrate dialysis without flushing; C, heparin-free citrate dialysis with flushing.
a
Values are expressed as No. (SD).

Table 4. Comparison of Number of Reuses of Dialyzers in Three Groups
Variable

Number of reuses

Group

n

Mean ± Standard
Deviation

Median

P

Pairwise Comparison a , b

P-Value

A

72

1.89 ± 0.99

2.00

0.02 (significant difference)

A vs. B

0.018

B

66

2.59 ± 2.02

2.00

A vs. C

0.146

C

60

2.38 ± 1.34

2.00

B vs. C

0.719

Abbreviations: A, heparin-free saline flush; B, heparin-free citrate dialysis without flushing; C, heparin-free citrate dialysis with flushing.
a
One-way analysis of variance
b
Tukey’s posthoc test for multiple comparisons
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Table 5. Comparison of Pre- to Posthemodialysis Ionized Calcium Differences (mmol/L) in Groups B and C
No.

Mean ± Standard Deviation

Prehemodialysis ionized calcium (mmol/L)

13

4.04 ± 0.39

Posthemodialysis ionized calcium (mmol/L)

13

4.22 ± 0.40

Group

0.005

B

0.003

C

a

P-Value a

Prehemodialysis ionized calcium (mmol/L)

15

4.18 ± 0.47

Posthemodialysis ionized calcium (mmol/L)

15

4.43 ± 0.39

Paired t-test

could be safely used in patients with or without liver failure with no excess risk of hypocalcemia or metabolic alkalosis. Such metabolic issues are reported with RCA (17-20).
The overall mortality of the study population was 40%
in this study. Other studies showed a mortality rate of 3050% in AKI patients requiring dialysis (21-23). The present
study showed that citrate dialysis could be performed with
either no or infrequent flushing, reducing nursing time
and requiring less ultrafiltrate removal, which might be vital in patients with poor left ventricular function in comparison to the saline flushing group.

or after publication. Otherwise, all the consequences of
possible withdrawal or future retraction will be with the
corresponding author.
Ethical Approval: This study was approved by the Institutional Review Board of PD Hinduja National Hospital and
Medical Research Centre, Mumbai, India (ref no.: 2010/17).
It was an MD thesis at the study site.
Funding/Support: No fund of any kind was received as
part of this study or its publication.
Informed Consent: Informed consent was obtained from
all the patients before enrolling in the study.

5.1. Conclusions
It can be concluded that citrate dialysis appears to be
a safe and effective alternative to heparin-free saline flushing dialysis in ICU patients with AKI, even in patients with
liver failure. However, a more extensive prospective study
with a large sample size needs to be performed to validate
the findings of this pilot study. In addition, a similar study
also needs to be performed in patients with ESKD on maintenance hemodialysis to determine whether the results of
the present study could be extrapolated to that population.
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