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Evaluating the safety and efficacy of
regional citrate compared to systemic
heparin as anticoagulation for continuous
renal replacement therapy in critically ill
patients: A service evaluation following a
change in practice

Roberta Borg1, Debra Ugboma2, Dawn-Marie Walker2

and Richard Partridge3

Abstract

Following the implementation of citrate anticoagulation for continuous renal replacement therapy, we evaluate its first

year of use and compare it to the previously used heparin, to assess whether our patients benefit from the recently

reported advantages of citrate. We retrospectively analysed 2 years of data to compare the safety and efficacy of citrate

versus heparin. The results have shown that 43 patients received continuous renal replacement therapy with heparin, 37

patients with citrate. We found no significant difference in metabolic control of pH, urea and creatinine after 72 h. Filters

anticoagulated with citrate had significantly longer median lifespan (33 h vs 17 h; p¼ 0.001), shorter downtime (0 h vs 5 h;

p¼ 0.015) and less filter sets per patient day (0.37 vs 0.67; p¼ 0.002). Filters anticoagulated with heparin were com-

monly interrupted due to clotting (50% vs 16.4%), whereas filters anticoagulated with citrate were often stopped

electively (53.4% vs 24.6%). Patients on heparin filters had significantly higher APPTs, some at potentially dangerous

levels (>180 s), whilst patients on citrate filters had significantly higher levels of bicarbonate. Therefore, we conclude that

citrate is superior in terms of safety and efficacy, with longer filter lifespan. It has become our first line anticoagulant for

continuous renal replacement therapy.
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Background

Renal replacement therapy (RRT) is an important
supportive therapy used in critically ill patients who
develop acute kidney injury (AKI). It is a therapy that
has been widely reviewed and discussed, but despite
significant improvement in technology, the mortality
for patients with acute dialysis-dependent renal failure
remains greater than 50%.1 For this reason, an evalu-
ation of how it is delivered is important.

In RRT, blood is taken from the patient and
passed through an extracorporeal circuit, where
waste products and water are removed by convec-
tion (�diffusion) across a semi-permeable mem-
brane. The risk of blood clotting necessitates the
use of anticoagulation to keep the extracorporeal
circuit patent. Filter clotting poses a major problem

in RRT contributing to blood loss and the require-
ment for blood transfusions, as well as a reduction
in therapy delivery due to circuit ‘down-time’.2,3

These observations were the foundation of several
subsequent studies comparing the safety and
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efficacy of different anticoagulants; in particular
comparing heparin and the relatively new citrate
system.

Until recently, systemic heparin remained the most
common anticoagulant used for continuous renal
replacement therapy (CRRT).4 Heparin works by
binding to antithrombin III, increasing its effects by
1000-fold and inhibiting the clotting factors Xa and
thrombin (IIa).1 It is relatively easy to use and moni-
tor and provides adequate extracorporeal anticoagu-
lation. However, its anticoagulant effects extend to
the patient, posing an increased risk of bleeding and
the development of heparin-induced thrombocyto-
penia (HIT).1,5 Citrate works by chelating calcium,
which is required for activation of the clotting cas-
cade. Normal serum calcium levels are maintained
by a replacement infusion, preserving the coagulation
process within the patient while acting as a regional
anticoagulant, thus avoiding the systemic anticoagu-
lation effects seen with heparin. Citrate is metabolised
by the tricarboxylic acid pathway in the liver, skeletal
muscles and renal cortex, producing bicarbonate. If it
is not metabolised sufficiently, citrate may accumu-
late, causing hypocalcaemia and metabolic acidosis.
On the contrary, metabolic alkalosis may occur if
too much citrate enters the circulation and is metabo-
lised to bicarbonate.5,6

In October 2014, Hampshire Hospitals NHS
Foundation Trust introduced the use of citrate in
one of its two critical care units. The decision was
based on studies suggesting citrate may be superior
to heparin with an increased filter survival time,
reduced risk of bleeding and reduced number of
blood transfusions.7–9 While randomised controlled
trials (RCTs) and meta-analyses demonstrate the
advantages of citrate over heparin, they also discuss
potential disadvantages, such as increased complexity
of the protocol, as well as potential metabolic and
electrolytes disturbances and possible higher financial
costs.10 This is likely why citrate has been slow to gain
popularity with less than 10% of all patients on
CRRT for AKI receiving citrate in a worldwide
survey in 200711 and none of the UK units using cit-
rate in 2008.4 Moreover, meta-analyses of RCTs ques-
tion the power of these trials, as well as the
generalisability of the results due to the great hetero-
geneity of the studies in terms of modalities, machines
and filters used, patient groups and protocols
used.12,13 For this reason, we felt it was important
to review local practice in light of the recent changes;
to identify potential problems and false perceptions
with the use of citrate, outside the controlled research
setting.

The main objectives were to:

1. Evaluate the safety and efficacy of the CRRT
delivered in our unit in light of a recent change in
practice

2. Compare the two systems – citrate vs heparin

Method

CRRT delivery

The need for introduction and cessation of CRRT
was decided by the treating physician, in a closed 14
bedded District General Hospital ICU with 24 h
Consultant Intensivist cover; admitting an average
of 379 level 3 and 667 level 2 patients per year.
CRRT was provided using the PrismaFlex system in
pre-dilution mode with ST150 filter-sets and Gambro
5L fluid bags, as per standardised protocols
(Prismasol 4 or Haemosol BO with heparin protocol;
Prismocitrate 18/0, Prism0cal B22 and Prismasol 4
with citrate protocol). The heparin protocol included
continuous veno-venous haemofiltration (CVVHF) or
haemodiafiltration (CVVHDF) with a target effluent
dose of 25–45ml/kg/h. It involved protocolised hep-
arin dosing, including an initial bolus of 0–5000ius, and
subsequent target Activated Partial Thromboplastin
Time (APPT) of 75–120 s. The regional citrate
protocol included continuous veno-venous haemodia-
filtration with an effluent dose 25–45ml/kg/h. It
included a prescription that allowed titration of
citrate and calcium gluconate infusion according to
filter calcium levels (target 0.25–0.35mmol/L) and
patients’ ionised calcium (target 0.99–1.2mmol/L),
respectively.

Study design

A retrospective analysis was conducted on data
collected in routine care over a 2-year period.
This included all patients on CRRT with heparin
over a 1-year period (October 2013–September
2014) and another year’s worth of data using
the citrate protocol (following the introduction of
citrate in October 2014). Data were collected
through analysis of medical and nursing notes,
blood results and observation charts. A data col-
lection tool was devised to compile demographic
information and specific outcome measures
including:

1. Efficacy: (i) extra-corporeal circuit (i.e. filter) sur-
vival time

(ii) metabolic control (pH, urea and
creatinine)

2. Safety: (i) trend of haemoglobin concentration
(Hb) during CRRT

(ii) severe derangement of coagulation
profile (APPT> 120)

(iii) number of units of packed red cells
transfused with no other identifiable
cause other than CRRT

(iv) metabolic issues resulting from the
use of citrate

2 Journal of the Intensive Care Society 0(0)



Participants/sample

Participants included all patients receiving CRRT
between October 2013 and September 2015, as identi-
fied from the Intensive Care National Audit and
Research Centre (ICNARC) database for the critical
care unit in the Basingstoke North Hampshire
Hospital. Patients who received anything other than
heparin or citrate were excluded from analysis.

For extra-corporeal circuit life-span analysis, the
sample consisted of all the circuits anti-coagulated
with heparin or citrate over the study period.

Statistics

Data were inserted into a database on SPSS v22 and
this software was used for statistical analysis. A var-
iety of descriptive statistics were used to summarise
data for both groups. Median values are presented as
most data were non-normally distributed and the
Mann–Whitney U test was used to compare groups.
Filter survival data were analysed using Kaplan–
Meier plots and a log-rank test used to compare the
median circuit life of the two groups.

Ethical issues

Individual patient consent was not required as this
was a retrospective analysis of data collected for rou-
tine care. While NHS ethical approval was not neces-
sary, the study was registered as a service evaluation
project with the local Research Department and
Clinical Governance office. As this project was work
towards partial fulfilment of a University Degree, it
was also registered on the University Ethics and
Research Governance Online (ERGO) and the study
protocol peer-reviewed and approved by the ethics
committee. Patients’ confidentiality and anonymity
was safeguarded at all times.

Results

One-hundred and three patients required RRT
between October 2013 and October 2015. Seven of
these patients had vital data missing and were there-
fore excluded.

Data from a total of 96 patients were reviewed,
however only patients on heparin and citrate proto-
cols were analysed in this service evaluation (Table 1).

Out of the 43 patients on the heparin protocol, 15
had multiple episodes of RRT (10 had two episodes
and 5 had three episodes – new treatment episode
defined as therapy restarting after being off for
more than 24 h). Out of the 37 patients on citrate
protocol, 10 had two episodes of RRT.

Only the first episode of RRT was included for
analysis of blood results. Patients who had a change
in their anticoagulation mid-episode were excluded in
order to keep efficacy data true to the anticoagulation
in question.

Patient demographic data

As demonstrated in Table 2, the patient demographics
of the two groups were similar, although a higher per-
centage of patients in the citrate group had sepsis.

Efficacy

For the purpose of this evaluation, efficacy was
defined as

(i) the filters’ ability to clear metabolites in particu-
lar clearance of urea and creatinine and

(ii) filter life span, including filter downtime and
filter sets per patient per day, to give a sense of
filter wastage and disruptions in treatment
delivery.

Metabolic control. There was no significant difference
between the two anticoagulation protocols in the
levels of pH, urea and creatinine at baseline (before
filtration started) or after 24 and 72 h of treatment;
whereas significant differences were observed in the
levels of bicarbonate (HCO3), ionised calcium and
APTT following 24 and 72 h of treatment (Table 3).

Filter life span. All filters on heparin and citrate proto-
cols were included for filter lifespan analysis, which
showed a median lifespan of 17 and 33 h, respectively
(p¼ 0.001) (Table 4). This analysis was repeated using
only the first filter per patient on the basis that sub-
sequent filters on the same patient may have similar
confounding factors that are not truly independent.

Table 1. Number of patients per anticoagulation protocol

and number of filters for heparin and citrate groups.

Anticoagulation

Number

of patients (N)

Number

of filters (n)

Heparin 43 118

Citrate 37 73

Flolan 5 /

Nil 11 /

Total 96

Table 2. Demographic data.

Demographic

variable

Heparin

(N¼ 43)

Citrate

(N¼37)

Age (mean and SD) 62 (SD� 17.8) 66 (SD� 11.9)

Male gender (%) 72 62

APACHE II score

(median & IQR)

21 (IQR: 16–25) 22 (IQR: 20–28)

Diagnosis

(% medical/surgical)

93/7 89/11

Sepsis (%) 48 81

Borg et al. 3



This was followed by a review of the reasons for
stopping the filter, based on information documented
in medical and nursing notes as well as the 24 h obser-
vation charts. These were categorised into five reasons
for stopping the filter as illustrated in Table 5 and
Figure 1. Filtration with citrate was mostly stopped
electively, whilst filtration with heparin was most
often interrupted due to clotting of the filter.

Blood and filter-sets wastage due to clotting was
looked at in more detail using the Kaplan–Meier sur-
vival analysis. This particular analysis does not take
into account repeated events for the same patient.
Therefore, only the survival probability of the first
filter for each patient was analysed. This was initially
done for all five reasons for stopping the filter and
repeated with censors for analysis of clotted filters
only. The groups were then compared by log rank
tests (Figure 2). In each of these analyses, citrate
was found to be superior to heparin for filter lifespan.

Disruption in treatment delivery was noted by cal-
culating filter (or treatment) down-time. Filter sets per
person per day were also calculated. Patients who had
a change in anticoagulation or whose treatment epi-
sode lasted less than 1 day were excluded from ana-
lysis of these two variables (as indicated by the lower
‘N’ value in Table 6). Citrate was superior in both
these variables with a median down-time of 0.0 h for
citrate vs 5 h for heparin (p¼ 0.015) and 0.37 vs 0.67
sets per patient per day, respectively (p¼ 0.002).

Table 3. Analysis of blood results: Values presented as medians (standard deviation).

Variable Heparin Citrate P

pH_before 7.26 (�0.19) 7.24 (�0.13) 0.730

pH_24 h 7.38 (�0.16) 7.40 (�0.08) 0.368

pH_72 h 7.42 (�0.07) 7.43 (�0.05) 0.280

Urea_before (mmol/L) 27.3 (�15.37) 24.6 (�14.73) 0.878

Urea_24 h 13.9 (�8.49) 14.2 (�7.16) 0.470

Urea_72 h 9.8 (�3.75) 7.9 (�3.35) 0.599

Creatinine_before (mmol/L) 524 (�294) 412 (�255) 0.342

Creatinine_24 h 243 (�168) 248 (�168) 0.853

Creatinine_72 h 176 (�90) 158 (�73) 0.321

HCO3_before (mmol/L) 17.9 (�5.5) 18.0 (�5.9) 0.667

HCO3_24 h 22.3 (�2.7) 24.7 (�5.2) 0.031a

HCO3_72 h 25.3 (�2.1) 28.5 (�4.3) 0.022a

Caþþ_before (mmol/L) 1.03 (�0.15) 1.08 (�0.13) 0.238

Caþþ_24 h 1.21 (�0.09) 1.12 (�0.07) <0.001a

Caþþ_72 h 1.23 (�0.10) 1.12 (�0.08) 0.016a

APTT_before (s) 33.7 (�11.6) 34.5 (�8.0) 0.599

APTT_24 h 57.6 (�40.6) 35.7 (�8.9) <0.001a

APTT_72 h 54.7 (�38.3) 36.4 (�4.8) <0.001a

aSignificant P value (<0.05).

Table 4. Filter lifespan.

Anticoagulation

(N¼ total number of filters,

n¼number of first filters)

Median filter

lifespan (h)

Median filter lifespan

for first filter (h)

Heparin (N¼ 116, n¼ 43) 17.0 (0.5–92) 21.0 (1.0–80)

Citrate (N¼ 73, n¼ 37) 33.0 (2–78) 52.0 (2.0–75)

P¼ 0.001 P¼ 0.006

Values presented are medians with minimum and maximum life-span in hours. P value< 0.05¼ significant.

Table 5. Percentage of filters that were stopped and for what

reason.

Reason for

stopping filter

Heparin

(n¼ 118) %

Citrate

(n¼ 73) %

Elective 24.6% 53.4%

Transfer 7.6% 6.8%

Access problems 12.7% 17.8%

Filter clotted 50.0% 16.4%

RIP 5.10% 5.5%

4 Journal of the Intensive Care Society 0(0)



Safety issues

Heparin. Out of the 43 patients, 10 (4%) on heparin
had recorded APPTs of >180 s, some of the
patients with repeated readings at this level. Eight
patients on heparin had their anticoagulation stopped
or changed. Generally, this was due to a clinician’s
concerns of risk of bleeding (N¼ 4), thrombocyto-
paenia (N¼ 2) or repeated clotting of the filter
(N¼ 2).

Citrate. Filtration with citrate was discontinued on
three occasions. One of these was because the patient
required systemic anticoagulation with heparin for
atrial fibrillation (AF). On the other two occasions
citrate was stopped due to clinicians’ concerns of
citrate accumulation warranted by persisted meta-
bolic acidosis. In both cases, patients had liver dys-
function (one patient had acute liver failure with
ALT> 300, and the other had liver cirrhosis con-
firmed on imaging with ALT> 100). Unfortunately,
there were no calcium ratios recorded for either of
these patients.

On review of ionised calcium levels during filtra-
tion with citrate, calcium ions seem to be maintained
at safe levels (>1mmol/L) with no obvious recorded
adverse events related to low ionised calcium.
Thirteen patients (5%) had documented alkalosis
with pH> 7.45 and bicarbonate> 26mmol/L.

Trend in haemoglobin and blood transfusions. An obvious
downward trend in level of haemoglobin (Hb) was
observed in both groups. While the drop is more pro-
nounced in the heparin group, there was no significant
difference in Hb levels up to 72 h (Table 7).

There were more recorded blood transfusions in
the heparin group than in the citrate group during
the first treatment episode (10 units vs 0 units). The
correlation between the number of filters used and the
number of blood transfusions required was explored
using Spearman’s rho. This found a significant but
moderate, positive correlation between these two vari-
ables: the more filters used the higher the number of
blood transfusions (r¼ 0.4222, p4 0.001).

Discussion

This retrospective study evaluates the impact of regio-
nal citrate anticoagulation on safety and efficacy of
CRRT immediately after its implementation on a gen-
eral intensive care unit, compared with pre-existing
systemic heparin anticoagulation. Most of our find-
ings are comparable to previous observational studies
and RCTs.

Efficacy

Our results showed no significant difference in the
metabolic control of urea and creatinine, suggesting

Figure 1. Reasons for stopping filter (presenting absolute number of filters).
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Figure 2. Kaplan–Meier curves illustrating filter life-span for all reasons for stopping (top) and life-span for clotted filters only (bottom).

Table 6. Filter downtime and filter sets per patient per day.

Variable Heparin (N¼ 24) Citrate (N¼ 28) P

Filter downtime (h) 5.0 (0.0–105) 0.0 (0.0–39) 0.015

Filter sets per patient per day 0.67 (0.33–1.5) 0.37 (0.33–1.0) 0.002

Values presented are medians with minimum and maximum ranges. P values< 0.05¼ significant.
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equivalence in efficacy. This finding is similar to
results from RCTs that looked at urea clearance as
a measure of efficacy.8,14 In contrast, some studies
found a significant difference in urea levels by the
end of the CRRT, with lower levels of urea in the
citrate group compared to the heparin group.
This was attributed to longer filter lifespans with cit-
rate and longer filter downtimes with heparin.7,15

Other studies measured treatment dose delivery
and/or filter downtime as a marker of efficacy and
concluded that CRRT with citrate is more efficient
than heparin as there are less disruptions in treatment
delivery.5,16–19 In this study, we evaluated both meta-
bolic control and filter downtime. It was interesting to
find that, whilst delivery of treatment with citrate was
better with a significantly lower filter downtime, it did
not correspond to a significant difference in urea and
creatinine clearance. This is possibly due to the higher
rates of predilution fluid used on the pre-blood pump
to deliver the citrate anticoagulant, as set by the filter
protocolised software, which haemodilutes the blood
in the filter, reducing the concentration gradient and
therefore reducing the efficiency of filtration.
Furthermore, the retrospective design of this study
meant that the blood results included in the analysis
were not taken at exactly 24 and 72 h, which may have
affected our results.

Filter life span

Filter patency is critical when delivering CRRT. Our
data found that filter lifespan with citrate was signifi-
cantly higher compared to heparin. This corresponds
to findings from several observation stu-
dies10,15–17,20–22 and RCTs,5,7,8,18,23,24 where a wide
variation of filter survival times are reported, which
is thought to be related to the variety of protocols
used in different studies.12,13,25 In contrast, two stu-
dies found no difference in filter life and a recent
meta-analysis suggests that filter life is prolonged
only when using particular filtration modes.26

Premature clotting causes disruption of CRRT and
potentiates the need for blood transfusion.2,3 Using
the Kaplan–Meier model, we demonstrated that the
probability of the first filter failing due to premature
clotting was significantly reduced with citrate. This
echoes findings of other studies that used similar
models.7,10,16,18,22 Additionally, a review of the rea-
sons for stopping CRRT showed the percentage of
filters stopped due to transfer needs, access problems

or sudden death were similar across both citrate and
heparin protocols. However, there was a noticeably
higher percentage of heparin filters stopped due to
clotting. This was a common observation in similar
evaluation studies, which again, reinforces citrate’s
superiority in prolonging filter life whilst reducing
blood and filter wastage.10,22

Safety issues

Inevitably, the safety concern with using systemic hep-
arin as anticoagulation is the fact that the patient is
anticoagulated as well as the filter, which increases the
risk of bleeding. In this evaluation, we found a
number of patients had worryingly high levels of
APPT (>180 s) and more patients on heparin required
a change in anticoagulation, due to bleeding, risk of
bleeding or repeated clotting of filters. There is a fine
balance between maintaining filter patency and
patient safety; as previously noted, maintaining
target APTTs can be difficult.22

Citrate is not without its own set of challenges and
safety concerns. It is fair to say that, this being our
first year using citrate, there was some justifiable
apprehension in using citrate in patients with liver
dysfunction due to potential accumulation.27 Despite
our relative inexperience with the protocol, citrate was
only discontinued on two occasions due to clinicians’
suspicion of accumulation in the context of liver dys-
function. Unfortunately, in both these cases calcium
ratios (ratio of total calcium/ionised calcium), a
recognised measure of potential accumulation,
were not calculated. The lack of documentation of
calcium ratios has been an important observation
from this evaluation study and highlighted as a
safety concern, with the recommendation for further
staff education.

Similar to other studies,7,8,15,28 metabolic derange-
ment with a significantly higher level of bicarbonate
and a significantly lower ionised calcium were prom-
inent observations in the citrate group, a reflection of
the pharmacological properties of citrate. No adverse
events were reported.

Trend in Hb and blood transfusion rates

Whilst an obvious downward trend in Hb was
observed in both groups, this seemed to be more
prominent in the heparin group. Interestingly, all
the patients who required a blood transfusion had
treatment episodes that lasted more than 3 days
with multiple filter-set changes within that episode.
This manifested in a positive correlation between the
number of filters used and blood transfusion rates,
similar to a previous study.2 As they allude, the
weak relationship between the two suggests that
other confounding factors may be at play such as
erythropoietin deficiency and bone marrow suppres-
sion due to severe illness, amongst others.

Table 7. Haemoglobin trend for heparin and citrate at baseline,

and after 24 and 72 h of filtration (standard deviation).

Heparin Citrate P

Hb_before (g/L) 101 (�25) 101 (�23) 0.748

Hb_24 h 94 (�19) 92 (�19) 0.778

Hb_72 h 90 (�17) 96 (�16) 0.429

Borg et al. 7



Cost implications

A full cost analysis was not done, but the reduction in
filters per patient per day and the potential reduction
in blood transfusions both have reduced cost implica-
tions when using citrate.6 Potentially, citrate also
reduces valuable nursing time spent in repeatedly
taking down and setting up filters due to premature
clotting.29

Limitations

The retrospective nature of this study is its biggest
limitation, as the quality of the data analysed is heav-
ily reliant on the quality of the nursing and medical
documentation. The blood tests were not taken at the
exact 24 and 72 h of treatment; rather most times, the
results used for blood analysis were from blood tests
taken closest to these times allowing up to 10 h differ-
ence. In an attempt to look for a correlation between
blood transfusions and number of filter sets, we
excluded blood transfusions given for obvious reasons
such as bleeding or post-op patients. This would have
certainly introduced an inclusion/exclusion bias. Last,
confounding factors that can potentially affect effi-
cacy such as filtration modalities and flow rates
were not controlled.

Going forward

These results have been used to inform changes in
anticoagulation protocols as well as highlight areas
that require further education, such as the use of cit-
rate in liver dysfunction and refractory shock, and
monitoring for signs of accumulation. At the time of
writing, both heparin and citrate protocols are being
reviewed by a team of senior nursing colleagues and
medical consultants. We plan to re-evaluate certain
aspects of this study after implementing these changes.

To our knowledge, there has not been a survey on
anticoagulation practice across the UK since 2008,
when none of the UK units were using citrate.4 It
would be interesting to review how many units have
now adopted citrate following published guidelines in
2012 suggesting citrate as first line anticoagulation.30

Conclusion

Whilst acknowledging the limitations of this study, we
found that implementing a citrate protocol resulted in
longer filter-life, less incidences of premature clotting,
less risk of bleeding and potentially a reduction in
blood transfusion rates. We recognise the challenges
of implementing a new system but our evaluation
demonstrates that citrate is safer, and most likely
more efficient than heparin. Over the last 18
months, as we slowly gained confidence with the cit-
rate protocol, we have moved on from using citrate
for patients with increased risk of bleeding to using it
as first line anticoagulation for CRRT.

Acknowledgements

The authors acknowledge Dr Sean Ewings, Research

Fellow, University of Southampton, Medical Statistician,
Southampton General Hospital for his advice on statistical
analysis.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Intensive Care Society Standards and Safety. Standards

and recommendations for the provision of renal
replacement therapy on intensive care units in the
United Kingdom. ICS, http://www.ics.ac.uk (2009,

accessed February 2015).
2. Cutts MWJ, Thomas AN, and Kishen R. Transfusion

requirements during continuous veno-venous haemofil-

tration: the importance of filter life. Intensive Care Med
2000; 26: 1694–1697.

3. Fealy N, Baldwin I, and Bellomo R. The effect of circuit
‘‘down-time’’ on uraemic control during continuous

veno-venous haemofiltration. Crit Care Resus 2002; 4:
266–270.

4. Gatward JJ, Gibbon GJ, Wrathall G, et al. Renal

replacement therapy for acute renal failure: a survey
of practice in adult intensive care units in the United
Kingdom. Anaesthesia 2008; 63: 959–966.

5. Schilder L, Nurmohamed SA, Bosch FH, et al. Citrate
anticoagulation versus systemic heparinisation in con-
tinuous venovenous hemofiltration in critically ill
patients with acute kidney injury: a multi-center rando-

mized clinical trial. Crit Care 2014; 18: 472–476.
6. Oudemans-van Straaten HM, Kellum JA and Bellomo

R. Clinical review: Anticoagulation for continuous

renal replacement therapy – heparin or citrate? Crit
Care 2011; 15: 202–210.

7. Monchi M, Berghmans D, Ledoux D, et al. Citrate vs

heparin for anticoagulation in continuous venovenous
hemofiltration: a prospective randomized study.
Intensive Care Med 2004; 30: 260–265.

8. Hetzel GR, Schmitz M, Wissing H, et al. Regional cit-
rate versus systemic heparin for anticoagulation in crit-
ically ill patients on continuous venovenous
haemofiltration: a prospective randomized multicentre

trial. Nephrol Dial Transplant 2011; 26: 232–239.
9. Liao YJ, Zhang L, Zeng XX, et al. Citrate versus

unfractionated heparin for anticoagulation in continu-

ous renal replacement therapy. Chin Med J 2013; 126:
1344–1349.

10. Tovey L, Dickie H, Gangi S, et al. Beyond the rando-

mized clinical trial: citrate for continuous renal replace-
ment therapy in clinical practice. Nephron Clin Pract
2013; 124: 119–123.

11. Uchino S, Bellomo R, Morimatsu H, et al. Continuous

renal replacement therapy: A worldwide practice
survey - The Beginning and Ending Supportive

8 Journal of the Intensive Care Society 0(0)

http://www.ics.ac.uk


Therapy for the Kidney (B.E.S.T. Kidney)
Investigators. Intensive Care Med 2007; 33: 1563–1157.

12. Wu MY, Hsu YH, Bai CH, et al. Regional citrate

versus heparin anticoagulation for continuous renal
replacement therapy: A meta-analysis of randomized
controlled trials. Am J Kidney Dis 2012; 59: 810–818.

13. Zhang Z, and Hongying N. Efficacy and safety of regio-
nal citrate anticoagulation in critically ill patients
undergoing continuous renal replacement therapy.

Intensive Care Med 2011; 38: 20–28.
14. Betjes MGH, van Oosterom D, van Agteren M, et al.

Regional citrate versus heparin anticoagulation during
venovenous hemofiltration in patients at low risk for

bleeding: similar hemofilter survival but significantly
less bleeding. J Nephrology 2007; 20: 602–608.

15. Hafner S, Stahl W, Fels T, et al. Implementation of

continuous renal replacement therapy with regional cit-
rate anticoagulation on a surgical and trauma intensive
care unit: Impact on clinical and economic aspects – an

observational study. J Intensive Care 2015; 3: 35–43.
16. Morabito S, Pistolesi V, Tritapepe L, et al. Regional

citrate anticoagulation in cardiac surgery patients at

high risk of bleeding: a continuous veno-venous hemo-
filtration protocol with a low concentration citrate solu-
tion. Crit Care 2012; 16: R111–R121.

17. Claure-del Granado R, Macedo E, Soroko S, et al.

Anticoagulation, delivered dose and outcome in
CRRT: The program to improve care in acute renal
disease (PICARD). Haemodial Int 2014; 18: 641–646.

18. Stucker F, Ponte B, Tataw J, et al. Efficacy and safety
of citrate-based anticoagulation compared to heparin in
patients with acute kidney in jury requiring continuous

renal replacement therapy: a randomized controlled
trial. Crit Care 2015; 19: 91–100.

19. Gutierrez-Bernays D, Ostwald M, Anstey C, et al.
Transition from heparin to citrate anticoagulation for

continuous renal replacement therapy: Safety, efficiency
and cost. Therap Apheresis Dial 2016; 20: 53–59.

20. Tobe SW, Aujla P, Walele AA, et al. A novel regional

citrate anticoagulation protocol for CRRT using only
commercially available solutions. J Crit Care 2003; 18:
121–129.

21. Bagshaw SM, Laupland KB, Boiteau PJE, et al. Is
regional citrate superior to systemic heparin

anticoagulation for continuous renal replacement ther-
apy? A prospective observation study in an adult regio-
nal critical care system. J Crit Care 2005; 20: 155–161.

22. Park JS, Kim GH, Kang CM, et al. Regional anticoa-
gulation with citrate is superior to systemic anticoagu-
lation with heparin in critically ill patient undergoing

continuous venovenous hemodiafiltration. Korean J
Intern Med 2011; 26: 68–75.

23. Kutsogiannis DJ, Gibney RTN, Stollery D, et al.

Regional citrate versus systemic hepatin anticoagula-
tion for continuous renal replacement in critically ill
patients. Kidney Int 2005; 67: 2361–2367.

24. Gattas DJ, Rajbhandari D, Bradford C, et al. A rando-

mised controlled trial of regional citrate versus regional
heparin anticoagulation for continuous renal replace-
ment therapy in critically ill adults. Crit Care Med

2015; 45: 1622–1629.
25. Bai M, Zhou M, He L, et al. Citrate versus heparin

anticoagulation for continuous renal replacement ther-

apy: an updated meta-analysis of RCTs. Intensive Care
Med 2015; 41: 2098–2110.

26. Liu C, Mao Z, Kang H, et al. Regional citrate versus

heparin anticoagulation for continuous renal replace-
ment therapy in critically ill patients: a meta-analysis
with trial sequential analysis of randomized controlled
trials. Crit Care 2016; 20: 144–157.

27. Oudemans-van Straatan HM, and Ostermann M.
Bench-to-bedside review: Citrate for continuous renal
replacement therapy, from science to practice. Crit

Care 2012; 16: 249–258.
28. Burry LD, Tung DD, David H, et al. Regional citrate

anticoagulation for PrismaFlex continuous renal

replacement therapy. Ann Pharmacother 2009; 43:
1419–1142.

29. Houlle-Veyssiere M, Courtin A, Zeroual N, et al.
Continuous venovenous renal replacement therapy in

critically ill patients: A work load analysis. Intensive
Crit Care Nurs 2016; 36: 35–41.

30. Kidney Disease: Improving Global Outcomes

(KDIGO) Acute Kidney Injury Work Group.
KDIGO clinical practice guideline for acute kidney
injury. Kidney Inter Suppl 2012; 2: 1–138.

Borg et al. 9


