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prolongs circuit life and/or affects circulating cytokine levels com-
pared with regional anticoagulation using heparin and protamine.
Design: Multicenter, parallel group randomized controlled trial.
Setting: Seven ICUs in Australia and New Zealand.

Patients: Critically ill adults requiring continuous renal replace-
ment therapy.

Interventions: Patients were randomized to receive one of two
methods of regional circuit anticoagulation: citrate and calcium or
heparin and protamine.

Measurements and Main Results: The primary outcome was func-
tional circuit life measured in hours, assessed using repeated events
survival analysis. In addition, we measured changes in interleukin-6,
interleukin-8, and interleukin-10 blood levels. We randomized 212
subjects who were treated with 857 continuous renal replacement
therapy circuits (median 2 circuits per patient [interquartile range,
1-6], 390 in citrate group vs 467 in heparin group). The groups were
well matched for baseline characteristics. Patients receiving regional
continuous renal replacement therapy anticoagulation with heparin
and protamine were more likely to experience circuit clotting than
those receiving citrate and calcium (hazard ratio, 2.03 [1.36-3.03];
p < 0.0005; 857 circuits). The median lifespan of the first study cir-
cuit in each patient was 39.2 hours (95% CI, 32.1-48.0hr) in the
citrate and calcium group versus 22.8 hours (95% Cl, 13.3-34.0hr)
in the heparin and protamine group (log rank p = 0.0037, 204 cir-
cuits). Circuit anticoagulation with citrate and calcium had similar
effects on cytokine levels compared with heparin and protamine anti-
coagulation. There were more adverse events in the group assigned
to heparin and protamine anticoagulation (11 vs 2; p=0.011).
Conclusions: Regional citrate and calcium anticoagulation pro-
longs continuous renal replacement therapy circuit life com-
pared with regional heparin and protamine anticoagulation, does
not affect cytokine levels, and is associated with fewer adverse
events. (Crit Care Med 2015; XX:00-00)

Key Words: continuous renal replacement therapy; intensive care;
randomized controlled trial; regional citrate anticoagulation
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aintaining the patency of the circuit during con-
l \ / I tinuous renal replacement therapy (CRRT) is an
important clinical goal, and anticoagulation of the
extracorporeal blood is part of the strategy to achieve it (1).
Clotting of blood within the circuit, including the hemofilter,
reduces the effectiveness of CRRT and may cause blood loss
and decreased solute clearance (2). It also increases treatment
cost and workload by shortening circuit life. For these reasons,
anticoagulation is commonly used during CRRT. However,
systemic anticoagulation may increase bleeding risk. There-
fore, techniques have been developed to anticoagulate the
CRRT circuit but not the patient. Such techniques are referred
to as regional circuit anticoagulation.

Anticoagulation with citrate has been recommended as
the most suitable form of CRRT regional circuit anticoagula-
tion (3). When added to blood, citrate induces hypocalcemia,
which inhibits coagulation. Calcium is then infused into the
patient’s bloodstream to maintain systemic normocalcemia
and reverse anticoagulation. Regional citrate anticoagulation
is particularly suitable for patients at increased risk of bleed-
ing and has been used successfully for many years by early
adopters at single sites (4). It has now been developed com-
mercially and has become widespread in various healthcare
systems making large-scale evaluation of efficacy and safety
desirable.

Regional circuit anticoagulation can also be achieved by
infusing heparin at full anticoagulation dose prehemofilter
and reversing its effects before blood returns to the patient by
means of protamine infusion posthemofilter. This method of
regional anticoagulation was used in around 20% of patients
recruited in a recent large randomized controlled trial (RCT)
of CRRT intensity (5).

It remains unknown in the era of widespread use whether
citrate and calcium regional anticoagulation and heparin and
protamine regional anticoagulation are equivalent in terms of
prolonging circuit life or whether one of these two techniques
is superior. Citrate-induced hypocalcemia in the extracorpo-
real blood may also modulate other calcium-dependent pro-
cesses, including neutrophil function and arterial stiffness
(6, 7); it is unknown if this affects cytokine blood levels differ-
ently to other anticoagulation methods.

To address these questions, we conducted a prospective mul-
ticenter RCT. We tested the hypothesis that citrate and calcium
anticoagulation would be superior to heparin and protamine
in maintaining circuit patency and that these two techniques
would have different effects on circulating cytokines.

MATERIALS AND METHODS

Trial Design and Setting

This study is a prospective, parallel-group (1:1), RCT and was
conducted in the ICUs of seven hospitals: four tertiary referral
units and three metropolitan units. Six ICUs were in Australia
and one was in New Zealand. The trial was approved by the
Sydney Local Health District Ethics Review Committee (RPAH
Zone, X09-0068) and by each local ethics committee. There
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were no changes to the study design after the commencement
of recruitment.

Eligibility Criteria

Critically ill adults in ICU were eligible for the study if they
fulfilled four criteria: 1) acute renal failure requiring CRRT, 2)
suitability for regional anticoagulation of the CRRT circuit, 3)
clinical equipoise regarding the method of circuit anticoagula-
tion, and 4) informed consent was given or sought soon after
enrolment. Patients were ineligible for the study if they fulfilled
any exclusion criterion: 1) expected stay in ICU less than 24
hours, 2) age less than 18 years, 3) pregnant or breastfeeding, 4)
suspected ischemic hepatitis or liver failure, 5) known allergy
to heparin or protamine, 6) suspected or confirmed heparin-
induced thrombocytopenia (HIT), and 7) chronic kidney dis-
ease requiring dialysis prior to ICU admission.

Interventions

The study compared two methods for regional anticoagula-
tion of a CRRT circuit. The intervention was regional citrate
anticoagulation with maintenance of systemic normocalcemia
(citrate group). The control was regional heparin anticoagula-
tion with protamine reversal to avoid systemic anticoagulation
(heparin group). The CRRT protocols used at each study site
are summarized in Table S1 (Supplemental Digital Content 1,
http://links.lww.com/CCM/B273) (8). Variation was expected
and accepted between study sites with regard to machine,
modality, fluids, and initial machine settings. Within each
site, other determinants of circuit life were designed to be as
similar as possible in the study and control groups (modality,
predilution or postdilution, and starting flow rates). CRRT was
delivered according to manufacturer’s specifications, including
scheduled circuit changes after 72 hours of use. CRRT was pre-
scribed by intensivists and delivered by intensive care nursing
staff in all study sites. The decision to start or stop CRRT, and
determination of the reason for stopping, was carried out by
ICU clinicians as usual. Study personnel collected this infor-
mation at a later time.

Cytokine Measurement

At two study sites, blood was collected from a convenience
sample of study patients for serum cytokine measurement.
This was done when research staff were immediately available
at the commencement of CRRT for the first sample collection
and again at 48-72 hours after commencement of CRRT. Sam-
ples were centrifuged immediately and serum stored at —70°C
for subsequent batch analysis. Samples were assayed by cus-
tom-designed human multiplex-cytokine bead array kits (Mil-
lipore, Billerica, MA) and analyzed on a Luminex 100 system
(Luminex, Austin, TX).

Data Collection

We collected baseline data regarding age, gender, weight,
source of admission to ICU, severity of illness (Acute Physiol-
ogy and Chronic Health Evaluation score II), diagnostic group,
presence of sepsis, mechanical ventilation, inotropes, and basic
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laboratory variables pertaining to renal function and hematol-
ogy. Study interventions were discontinued when CRRT was
stopped indefinitely or if patients developed a contraindica-
tion to their allocated circuit anticoagulation.

Outcomes

The primary outcome was functional circuit life (measured in
hours). The functional life of a CRRT circuit commences upon
extracorporeal circulation of blood and ends when that circuit
is discontinued by ICU staft. ICU staff stopped circuits for one
of the following reasons: 1) transmembrane pressure across the
circuit exceeded 300 mm Hg, 2) visible clot was obstructing flow
through the machine, 3) the blood pump was unable to rotate due
to clot obstruction, or 4) other (free-text entry by bedside staff).
The first three reasons were considered to be a clotted circuit.

In cases where “other” was recorded by bedside staff or the
reason for stopping was missing, adjudication was required.
Two senior staff intensivists who were independent of the
study reviewed these cases independently and adjudicated the
reason for stopping. Disagreements were resolved by mutual
consensus. There were three possible outcomes for these adju-
dicated circuits (clotted, did not clot, or unclear). Circuits
stopped electively for process of care reasons (e.g., intrahospi-
tal transfer) were deemed “did not clot.”

The secondary outcomes were 1) change in interleukin-6,
interleukin-8, and interleukin-10 between commencement of
CRRT and 48-72 hours later, 2) units of red cells transfused,
3) duration of CRRT (hours), 4) ICU length of stay, and 5)
hospital mortality.

Sample Size

A sample size of 220 was planned; this provided for around
200 evaluable patients after 10% withdrawal or loss to fol-
low up. For estimation of the detectable difference in circuit
life, we assumed that each subject would contribute at least
one study circuit and that subsequent circuits from the same
patient would require adjustment for repeated measures in
the calculation. Two hundred eighteen study subjects in a
study design with two repeated measurements provide 80%
power to detect a difference in mean circuit survival of 4
hours (compound symmetry covariance structure, sp 14.80,
correlation between observations on the same subject 0.01,
a 0.05). Patients stayed in the group allocated at randomiza-
tion, and all circuits received by those patients were included
and analyzed as study circuits.

Randomization

Randomization was stratified by site. Each site used a ran-
domly generated sequence of numbers in permuted block sizes
of 4, 6, and 10 to allocate the study group. This was concealed
using sequentially numbered, opaque sealed envelopes prior to
study commencement by nonstudy personnel. Patients were
screened and entered into the study by ICU clinical staff who
opened the next envelope in sequence. The statistician was
blinded to group allocation until completion of the primary
outcome analysis.

Critical Care Medicine

Clinical Investigation

Statistical Methods

The primary outcome (circuit life) was analyzed using repeated
events survival analysis (9). Heterogeneity across individual trial
subjects was expected, along with correlation of the circuit life
experienced by multiple circuits from an individual subject.
Event dependence within subjects (where the event is a clotted
circuit) was excluded prior to analyzing circuit life using a pro-
portional hazard conditional frailty model (an extension of Cox
regression). The advantage of the frailty model is that it takes
into account the within-cluster correlation. We assumed a shared
frailty mode in which the cluster effects are incorporated in the
model as normally distributed random variables. The circuits
that were stopped without clotting or were stopped for unclear
reasons were censored in the survival analysis. A plot of the
Kaplan-Meier estimate for the survival function of each subject’s
first trial circuit was performed, and median circuit life in the two
groups was compared using a log-rank test. Median circuit life of
the subset of circuits that clotted was also compared. Continuous
outcomes that were normally distributed were compared using a
t test; otherwise, a Mann-Whitney U test was used. Proportions
were compared using a chi-square test. The survival analysis was
carried out using SAS (Enterprise Guide v5.1; SAS Institute Inc.,
Cary, NC): the syntax used in the PHREG procedure is presented
in the supplemental material (Supplemental Digital Content
2, http://links.Iww.com/CCM/B274). Other analyses were car-
ried using IBM SPSS Statistics for Windows (v20; IBM Corp.,
Armonk, NY). All patients and circuits remained in their allo-
cated group for analysis according to intention to treat.

RESULTS

Participants and Recruitment

Two hundred twelve subjects were randomized between May
2010 and January 2013. Recruitment was stopped when sam-
ple size exceeded 200, and loss to follow up for the primary
outcome was known to be low. The flow of participants into
the trial is shown in Figure 1. Overall, 857 study circuits (390
in citrate group and 467 in heparin group) were used by the
study subjects during the study period. Eight subjects (five in
citrate group and three in heparin group) were randomized
but did not receive CRRT using a study circuit. The remaining
204 patients contributed a median of two circuits (interquar-
tile range [IQR], 1-6) each. The distribution of the number of
circuits per subject is shown in Figure S1 (Supplemental Digi-
tal Content 2, http://links.lww.com/CCM/B274).

The demographic and clinical characteristics of the trial subjects
at the time of randomization are summarized in Table 1. Although
24 of 105 patients (22.9%) in the citrate group were admitted to
the ICU from the emergency department, compared with 38 of
107 (35.5%) in the heparin group, the groups were well otherwise
well matched at baseline with respect to severity of illness and
common renal and hematological laboratory variables.

Circuit Life
Patients receiving regional CRRT anticoagulation with hepa-
rin were more likely to experience circuit clotting than those
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Assessed for eligibility (n=21628)

[ Enrolliment

Excluded (n=21416)
+ Did not receive CRRT (n=20191)

»| ¢ Notmeeting inclusion criteria (n=1219)
+ Declined to participate (n=4)
+ Consent not obtainable (n= 2)

Randomized subjects (n=212)
Randomized circuits (Ncircuits=857)

interleukin-8, and interleu-
kin-10 between randomization
and 48—72 hours later (Table 2).
The clinical and CRRT process
outcomes are shown in Table
3. Overall, 28 of 105 patients
(26.7%) in the citrate group
died in ICU, compared with 25
of 107 patients (23.4%) in the
heparin group (p = 0.58). There
was no significant difference
in ICU length of stay, hospital
mortality, or red cell transfu-
sion. Patients in the citrate
group used 390 circuits for a
cumulative total of 8,281 hours
of renal replacement therapy,
compared with 467 circuits
and a cumulative total of 8,015
hours of therapy in the heparin
group. Dialysis catheter site,
CRRT modality, and starting
blood flow rates are shown in
Table S2 (Supplemental Digi-
tal Content 2, http://links.lww.
com/CCM/B274).

Adverse Events

There were more adverse events

in the heparin group (11 events,
three serious) compared with

¥ [ Allocation ] Y
Allocated to citrate Allocated to heparin/protamine
(Npatients=105, Neircuits=390) (Npatients=107, Neirowit=467)
Received at least 1 allocated circuit (n=100) Received at least 1 allocated circuit (n=104)
Did not receive an allocated circuit (n=5) Did not receive an allocated circuit (n=3)
[ Follow-Up ] l
Subjects lost to follow-up (n=0) Subjects lost to follow-up (n=0)
Study circuits lost to follow up (n=0) Study circuits lost to follow up (n=0)
Subjects discontinued allocated circuit due to Discontinued allocated circuit due to need
need for systemic anticoagulation(n=3) for systemic anticoagulation(n=1)
Discontinued allocated circuit due to
suspected or proven HIT (n=5)
Discontinued allocated circuit due to other
reason (n=1)
v [ Analysis ] y
Analyzed subjects (n=105) Analyzed subjects (n=107)
- Analyzed circuits (n=390) - Analyzed circuits (n=467)

the citrate group (two events,
one serious) (p = 0.011 for all
events) (Table S3, Supplemen-

tal Digital Content 2, http://

Figure 1. Flow diagram of participants showing assessment of eligibility, enroliment, treatment allocation and
follow-up in the trial. CRRT = continuous renal replacement therapy, HIT = heparin-induced thrombocytopenia.

receiving citrate (hazard ratio, 2.03 [1.36-3.03]; p < 0.0005;
857 circuits using a frailty model; variance [sp] of the random
effect 1.23 [0.19]). The probability of the first circuit from each
trial subject experiencing loss due to clotting and the median
circuit life of the first circuit favored regional citrate anticoagu-
lation for the prolongation of CRRT circuit life (median citrate
circuit life of 39.2hr [95% CI, 32.1-48.0 hr] versus median
heparin circuit life of 22.8 hr [95% CI, 13.3-34.0 hr]; log rank
p=0.0037; 204 circuits) (Fig. 2). Furthermore, 226 of 390 cir-
cuits (57.9%) in the citrate group were stopped due to clot-
ting, compared with 310 of 467 (66.4%) in the heparin group
(p <0.02). The median circuit life of these clotted-only circuits
was 16.5hr [IQR, 21.1 hr] in the citrate group compared with
11.8 hr [IQR, 14.3 hr] in the heparin group (p < 0.0001).

Secondary and CRRT Process Outcomes
There was no significant difference between the citrate and hep-

arin groups in the change of circulating levels of interleukin-6,

4 www.ccmjournal.org

links.lww.com/CCM/B274).
The most common adverse
event was suspected or con-
firmed HIT, resulting in discontinuation of study treatment.

DISCUSSION

Key Findings

The key findings of this study are that regional citrate antico-
agulation is superior to regional heparin/protamine regional
anticoagulant for the prolongation of circuit life during CRRT
and is associated with fewer adverse events. The additional key
finding is that citrate anticoagulation did not affect circulating
cytokine levels differently.

Relationship to Previous Studies

Previous RCTs evaluating citrate have shown longer circuit life
compared with heparin controls (10-13) but others have not
(14-16). Three of the studies that have shown superior circuit life
were multicenter studies where the control group was systemic
anticoagulation with heparin (11-13). Our study is the only study
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TABLE 1. Baseline Demographic and Clinical Characteristics of the Intervention and

Control Groups

Variable

Age, yr
Male gender, n/total (%)
Weight
Measured (vs estimated), n/total (%)
Weight (kg)
Source of admission to ICU, n/total (%)
Emergency department
Hospital ward
Operating theatre, elective
Operating theatre, emergency
Transfer from another hospital
Transfer from other ICU
Not available
Time from ICU admission to randomization (hr)
Median (interquartile range)
APACHE Il diagnostic group, n/total (%)
Coronary artery bypass grafts
Renal disorders
Sepsis with shock, nonurinary
Other respiratory diseases
Valvular heart surgery
Other
APACHE Il score, mean (sb)

Meeting criteria for severe sepsis, n/total (%)

Sequential Organ Failure Assessment score: patients scoring 3+ at time of randomization, n/total (%)

Citrate (n = 105)

66.4 (14.3)
74/105 (71)

46/105 (44)
85.0 (20.6)

24/105 (22.9)

27/105 (25.7)

31/105 (29.5)
4/105 (3.8)
4/105 (3.8)
9/105 (8.6)
6/105 (5.7)

25.1 (44.5)

14/105 (13.3)
10/105 (9.5)
8/105 (7.6)
6/105 (5.7)
5/105 (4.8)

62/105 (69.0)
25.6 (7.6)

45/105 (42.9)

Heparin (n = 107)

66.8 (14.9)
72/107 (867)

50/107 (47)
84.3 (22.9)

38/107 (35.5)
19/107 (17.8)

337107 (30.8)
3/107 (2.8)
6/107 (5.6)
6/107 (5.6)
2/107 (1.9)

215 (44.0)

137107 (12.1)
7/107 (6.5)
7/107 (6.5)
7/107 (6.5)
6/107 (5.6)

67/107 (62.6)

25.0 (6.9)

32/107 (29.9)

Renal 45/101 (44.5) 51/106 (48.1)

Cardiovascular 69/101 (68.3) 68/106 (64.2)

Respiratory 46/101 (45.5) 51/106 (48.1)

Coagulation 5/101 (5.0) 3/106 (2.8)

Liver 3/101 (3.0) 7/106 (6.6)
Mechanically ventilated, n/total (%) 77/105 (73.3) 75/107 (73.3)
Receiving inotropes, n/total (%) 74/105 (68.4) 71/107 (66.4)

Renal variables, mean (sb)

Urea (mmol/L) 219(13.3) 23.4(13.8)

Creatinine (umol/L) 309 (157) 3922 (177)

Phosphate (mmol/L) 2.02 (0.83) 1.94 (0.94)

Urine output in 6 hr prior to randomization (mL) 170 (262) 190 (222)

Continued
Critical Care Medicine www.ccmjournal.org 5
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TABLE 1. (Continued). Baseline Demographic and Clinical Characteristics of the

Intervention and Control Groups

Variable

Citrate (n = 105)

Heparin (n = 107)

Hematologic variables, mean (sb)
Hemoglobin (g/L)
Platelet count (x 1029/L)
International normalized ratio

Activated partial thromboplastin time (s)

98.0 (16.6) 98.3(26.2)

209 (146) 215 (143)
15(1.2) 1.4 (0.52)
40 (18) 40 (14)

APACHE = Acute Physiology and Chronic Health Evaluation score.

Criteria for severe sepsis is defined as two or more signs of systemic inflammatory response syndrome.

to compare another regional method of circuit anticoagulation.
This comparator was chosen because regional anticoagulation
with heparin and protamine is extensively used in Australia/New
Zealand (5) and elsewhere. Overall, systematic reviews and prac-
tice guidelines have recommended the use of citrate on the basis
of expert opinion and weak evidence (3, 4, 17-20).

The adverse effect profile also favored citrate in this trial, a
finding similar to that of other studies (10-13, 15, 16). Our study
was not able to detect any novel benefits associated with citrate,
such as modification of circulating cytokines, and there was no
significant difference in mortality. The aforementioned multi-
center studies also reported no difference in mortality. One study
that compared regional citrate with systemic low-molecular-
weight heparin reported a mortality benefit in the citrate group
(16), and we hypothesize that the choice of a different control
group may be relevant if this was not a chance observation.

Implications of Study Findings
These data provide a compelling argument for the use of
regional citrate anticoagulation in order to maximize the

effective delivery of CRRT in ICU patients. There are also clear
potential cost-saving implications from our results if ICUs
realize the benefits of less circuit downtime and fewer circuit
changes. We recommend the use of regional citrate anticoagu-
lation during CRRT as first-line treatment in suitable patients.

Strengths and Limitations
This study has several strengths. It is a very large study compared
with other RCTs evaluating regional citrate anticoagulation with
857 circuits randomized (10-16). The treatment effect was large
and obvious, not only in terms of the hazard ratio for the pri-
mary outcome but also in terms of the median lifespan of the
first circuit, and the median lifespan of the circuits that were
stopped due to clotting. A higher proportion of circuits in the
citrate group did not clot, and fewer citrate circuits were used to
achieve an overall longer cumulative duration of time on CRRT.
Citrate performed better than heparin even though control
group circuit life was relatively high (median, 22.8 hr). Further-
more, the generalizability of our study is high because of its mul-
ticentric design and our pragmatic acceptance of variation in
CRRT citrate protocols between

sites. Finally, this trial also

bt = Heparin ——  Citrate reflects modern CRRT prac-

09 tice patterns: regional citrate

anticoagulation is widespread,

08 Heparin  Citrate commercially developed, and

07 No.clrcuits 104 100 technically easier to deliver

® Median circuit life (h) [95% CI] 22.8 [15.3-34]  39.2 [32.1-48] thal’l in the paSt. Othel‘ ICUS are

-.% 06 Log rank P=0.0037 likely to experience similar ben-

g o efits, including cases where the

g " citrate CRRT protocols are not
§ oal T Nl . identical to our own.

< Weaknesses of this trial

03 RETERS : include the fact that it was

wal ey unblinded. However, blinding

""""" was not practical. Furthermore,

0.1 our study was also underpow-

ered to detect significant dif-

o0 ferences in patient-centered

0 5 10 15 20 25 3 % 40 45 50 55 60 e D outcomes, such as mortality,

Time to clotting (hours) time in ICU, time in hospital,

Figure 2. Kaplan-Meier estimate of the probability of continuous renal replacement therapy circuit survival for

the first circuit.
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and renal recovery. Follow-up
time was short and limited to
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TABLE 2. Change in Interleukin-6, Interleukin-8, and Interleukin-10 Levels Between 0 and
48-72 Hr Following Commencement of Continuous Renal Replacement Therapy

Citrate?

Variable t=48-72 Hr

Change Score

Heparin®

t=48-72Hr Change Score

IL-6, median, 102.7 (2140) 483 (68.1) —-29.3(1715) 141.7(2856) 538(99.0) -66.5 (262.1) 0.4
pg/mL (IQR)

IL-8, median, 1080 (114.0) 54.7(426) -262(1274) 116.8(1324) 538(488) -258(131.0) 0.86
pg/mL (IOR)

IL-10, median, 40.3 (63.3) 36.7 (44.9) -0.7 (39.6) 377 (1430) 36.2(563.2) -69 (111.1) 0.76
pg/mL (IOR)

t=time (hours from start of continuous renal replacement therapy circuit), IL = interleukin, IQR = interquartile range.

2Subset of 22 paired samples in the citrate group.
5Subset of 21 paired samples in the heparin group.

°Comparison of median change scores in the citrate and heparin groups (Mann-Whitney U test).
Blood was collected at t = 0 hr in an additional 12 patients but the circuit was stopped in less than 48 hr (for clotting in four patients and other reasons in eight

patients).

TABLE 3. Clinical Outcomes and Continuous Renal Replacement Therapy Process Measures

Variable Citrate (n = 105) Heparin (n = 107)
Clinical
ICU mortality, n/total (%) 28/105 (26.7) 25/107 (23.4) 0.58
ICU length of stay, median (IQR), d 9.0 (12) 9.0 (13) 0.79
Hospital mortality, n/total (%) 33/105(31.4) 31/107 (29.0) 0.7
Red cells transfused
Patients transfused, n/total (%) 52/101 (52) 48/103 (47) 0.58
Volume of red cells, mean (sb) 908 (770) 872 (917) 0.83
CRRT process
Filter outcome
Clotted 226 310 536
Did not clot 127 112 239
Unclear 37 45 82
TOTAL 390 467 857
Duration of CRRT
Total patient time on circuit (hr) 8,281 80156 16,296
Per patient on circuit (hr), median 5b.7 (86.6) 50.6 (73.4) 0.6
(I0R)
IOR = interquartile range, CRRT = continuous renal replacement therapy.
ICU with the exception of hospital outcome, and no informa- ACKNOWLEDGMENTS

tion is available about other clinical outcomes after discharge
from ICU. However, the focus of this study was on circuit life.

CONCLUSIONS

Regional citrate and calcium anticoagulation prolongs CRRT
circuit life compared with regional heparin and protamine
anticoagulation, does not affect cytokine levels, and is associ-
ated with fewer adverse events.
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Appendix 1.

Participating Sites and Investigators

Chief investigator: David Gattas

Management committee: David Gattas, Dorrilyn Rajbhandari,
Celia Bradford, Rinaldo Bellomo

Seven participating hospitals (site investigator is listed first,
followed by research team members)

L.

Royal Prince Alfred Hospital (NSW, Australia): David Gattas,
Dorrilyn Rajbhandari, Heidi Buhr, Megan Keir, Jodie Cowell

2. Austin Hospital (VIC, Australia): Rinaldo Bellomo, Glenn

Eastwood, Leah Peck, Helen Young
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. Auckland City Hospital (New Zealand): Shay McGuinness,

Rachael Parke, Eileen Gilder, Jodi Brown

. Royal North Shore Hospital (NSW, Australia): Celia Brad-

ford, Simon Finfer, Elizabeth Hickson, Heather Low, Lewis
Macken, Anthony Delaney, Richard Lee, Carole Foot, Julie
Potter, Anne O’Connor, Susan Ankers, Simon Bird

. Monash Medical Centre (VIC, Australia): Craig Walker,

Pauline Galt, Tammy Lamac

Frankston Hospital (VIC, Australia): John Botha, Jodi Vuat,
Sharon Allsop, David Lewis, Cameron Green

Dandenong Hospital (VIC, Australia): Sanjiv Vij, Katherine
Shepherd, Bridget O’Bree
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