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ABSTRACT

Background: Regional citrate anticoagulation (RCA) has emerged as a treatment modality that reduces bleeding risk and filter clotting. With
initial experience of using RCA with continuous renal replacement therapy (CRRT), we have formulated a working protocol based on published
literature.

Objective: The study aimed to evaluate the protocol for routine use of RCA during CRRT requiring anticoagulation and evaluation of filter life.

Methodology: Itis a single-center, open-label, prospective, non-randomized, non-interventional, single-arm, observational study conducted at
a tertiary care hospital between September 2022 and July 2023. All adult patients with acute kidney injury (AKI) or hyperammonemia requiring
CRRT and necessitating the use of anticoagulation were enrolled in the study. The study used Prisma Flex M100 AN 69 dialyzer on Prisma Flex
(Baxter) CRRT machines during continuous venovenous hemodiafiltration (CVVHDF). The targeted CRRT dose in all the study patients was 25—
30 mL/kg/hour. Based on the published literature, we have developed a working protocol (Appendix 1) for managing patients on CRRT using RCA.
Results: A total of 159 patients were analyzed for the study. The median [interquartile range (IQR)] filter life using RCA was 30 (12-55) hours.
Filter clotting was observed in 33.3% of patients. Citrate accumulation was present in 52.25% of patients, but no CRRT was discontinued
as citrate accumulation resolved after following the corrective steps in the protocol. None of the patients had citrate toxicity. Chronic liver
disease (CLD) (p < 0.001) and those who were post-living donor liver transplant recipients (p = 0.004) had a statistically significant increase
in citrate accumulation. Also, patients who had higher lactate at baseline (6 hours post-CRRT initiation), had a higher chance of citrate

accumulation.

Conclusion: Our RCA protocol provides a safe approach to regional anticoagulation during CRRT in critically ill patients.
Keywords: Acute kidney injury, Acute liver failure, Chronic liver disease, Continuous renal replacement therapy, Hyperammonemia, Regional

citrate anticoagulation.
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HIGHLIGHTS

+ Protocol-based regional citrate anticoagulation (RCA) in
continuous renal replacement therapy (CRRT) was assessed
during the study.

- Wefound that RCAto be safe and effective. Citrate accumulation
did not affect the outcome of the patients and can be easily
resolved with corrective steps mentioned in the protocol.

INTRODUCTION

Continuous renal replacement therapy is increasingly being utilized
as a treatment modality in intensive care units (ICUs). Despite
numerous advancements, achieving appropriate anticoagulation
to prevent circuit clotting without elevating the risk of bleeding
remains a challenge. Circuit clotting leads to treatment interruptions,
which significantly contributes to sub-optimal dosing. Interruptions
from clotting have been shown to reduce the time on CRRT
from 24 to 16 hours a day.! The main disadvantage of systemic
anticoagulation is the risk of bleeding, which could be as high
as 30-50%, with bleeding mortality as high as 15%.2"* Regional
citrate anticoagulation has emerged as a treatment modality that
prevents filter clotting and reduces bleeding manifestations. When
citrate mixes with blood, it binds to ionized calcium (iCa), which
is crucial for the normal coagulation process, thereby preventing
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the generation of thrombin. An extracorporeal, postfilter, iCa
concentration of less than 0.35 mmol/L effectively prevents the
filter’s clotting and prolongs filter life.”> Most of the citrate which is
infused is removed by either diffusion or convection. The clearance
of citrate can range from 20 to 80%, depending on the blood flow
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Regional Citrate Anticoagulation during CRRT

rate, dialysate flow rate, and the CRRT modality used.® The citrate that
remains in the blood, enters the patient where the concentration
gets diluted in the patient’s blood where it is metabolized in the
liver, kidney, and muscle, and thus calcium is released from the
calcium citrate complex. This limits the anticoagulant properties of
citrate to the circuit. A patient’s iCa levels of more than 0.9 mmol/L
are always required to prevent hypocalcemia-induced systemic
complications.”® Commercially prepared citrate solutions with
predetermined citrate concentrations (Prismocitrate 10/2) have
been successfully used in various studies.'® Regiocit (Baxter),
a commercially prepared citrate-containing fluid which can be
combined with calcium-free dialysate and replacement fluids
[Biphozyl (Baxter)] for CRRT, were launched in our country a few
years ago.There is limited experience in the use of RCA during CRRT
in India. With initial experience of using the above-mentioned CRRT
fluids, we have formulated a working protocol based on published
literature.

OBJECTIVES

The study aimed to assess the protocol for the routine use of RCA
during CRRT that requires anticoagulation and to evaluate the
lifespan of the filter.

METHODOLOGY

It is a single-center, open-label, prospective, non-randomized,
non-interventional, single-arm, observational study conducted at
atertiary care hospital between September 2022 and July 2023.The
initial plan was to enrol patients until at least 100 evaluable patients
were included in the study. All adult patients with acute kidney
injury (AKI) or hyperammonemia requiring CRRT and necessitating
the use of anticoagulation were enrolled in the study. The EC/IRB
approval was sought before initiating the recruitment of patients.
The study was registered with the Clinical Trials Registry India
(CTRI): CTRI/2022/08/045125 and approved by the Institutional
Ethics Committee, Medanta - The Medicity, Gurugram, Haryana
[Ref no: 866/2018(Academic)]. Written informed consent was taken
before initiating CRRT, either from the patient or next of kin. The
study used Prisma Flex M100 AN 69 dialyzer on Prisma Flex (Baxter)
CRRT machines during continuous venovenous hemodiafiltration
(CVVHDF). The targeted CRRT dose in all the study patients was
25-35 mL/kg/hour. The filtration fraction was always targeted at
less than 25%. The patient and circuit ionized calcium were checked
first after 1 hour of initiation of RCA-based CRRT. For the study
and protocol validation, total serum calcium (mmol/L) to patient’s
ionized calcium (mmol/L) was calculated after 6 hours of initiation
of RCA-based CRRT and repeated after every 6 hours. Based on
the published literature, we have developed a working protocol
(Fig. 1) for managing patients on CRRT using RCA. A detailed
protocol is available in Annexure 1.This study will help us formalize
our protocol and highlight any critical differences observed with
Indian patients.

PATIENTS AND OuTcOME MEASURES

Patients of age 18 years or older, with AKI, diagnosed using
RIFLE, AKIN classification or hyperammonemia requiring CRRT
and anticoagulation were included in the study. Patients with
hyperkalemia, i.e., potassium >5.5 meg/L and pregnant females
were excluded from the study. All patient data entered were in a
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Fig. 2: Consort diagram of patients included in the study

case report form (CRF) which was analyzed without naming the
patients.

The study’s primary outcome was the average filter life with
RCA during CRRT. The secondary outcomes include the incidence
of citrate accumulation defined as “total serum calcium (mmol/L)
to patient’s ionized calcium ratio (mmol/L) >2.4"(during the therapy
with RCA), citrate accumulation in patients with liver diseases and
the relationship between lactate levels and citrate accumulation.

Statistical Analysis

The analysis included descriptive analysis of quantitative
parameters expressed as means along with standard deviation as
well as median along with interquartile range (IQR). Categorical
data were expressed as absolute numbers and percentages.
Fisher's F-test was used for testing of mean difference between
independent groups whereas Kruskal-Wallis Chi-square was
used for nonparametric comparisons of quantitative parameters.
Cross tables were generated, and the Chi-square test was used for
testing associations. A significant association on univariate analysis
p-value < 0.05 was considered statistically significant. All analyses
were done using SAS 9.4.

REsuLTs

All adult ICU patients treated with CRRT using the study protocol
during the above-mentioned period were screened for inclusion
in the study. Initially, 167 consecutive patients meeting the
inclusion criteria were evaluated for the study, but 8 patients were
excluded in view of incomplete data (Fig. 2). A total of 159 patients
were enrolled in the study and analyzed. Demographic data are
presented in Table 1.

Primary Objective
The median (IQR) filter life using RCA was 30 (12-55) hours, with
a maximum filter life of 108 hours (Table 2). Filter clotting was
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Regional Citrate Anticoagulation during CRRT

Table 1: Demographic profile of patients included in the study

Table 4: Citrate accumulation in patients with liver disease

Frequency Percentage

Demographic profile (n=159) (%)
Gender
Male 116 72.95
Female 43 27.04
Age (years)
<20 8 5.03
21-40 54 33.96
41-60 60 37.73
>60 37 23.27
Indication for CRRT
Hyperammonemia 22 13.83
AKI + Metabolic acidosis + Septic shock 123 77.35
AKI + Metabolic acidosis + Septic shock + 7 44
Hyperammonemia
AKI + Metabolic acidosis + Septic shock + 7 44
Fluid overload
Patients with liver diseases
Chronic liver disease 42 26.41
Acute liver failure 23 14.46
Post LDLT 6 3.77

AKI, acute kidney injury; LDLT, living donor liver transplant

Table 2: CRRT filter life

CRRT filter life Filter life (hours)
Median filter life 30
Minimum filter life 2
Maximum filter life 108
75th percentile filter life 55
25th percentile filter life 12

Table 3: Comparison of citrate accumulation with patient outcome

Number of patients Number of patients

(%) with citrate (%) with citrate
Patient accumulation accumulation
outcome absent present Chi-square p-value
Discharged 21 (55.3%) 17 (44.7%) 1.51 0.469
Expired 50 (44.6%) 62 (55.4%)
LAMA 5 (55.6%) 4 (44.4%)

LAMA, leave against medical advice; p < 0.05 is significant

observed in 53 (33.3%) patients with a median (IQR) filter life of 43
(28-64) hours, while CRRT treatment was terminated [patients who
expired or left against medical advice (LAMA)] without filter clotting
in 75 (47.2%) patients. Also, in 31 (19.5%) patients CRRT treatment
was completed (CRRT was discontinued without filter clotting).
The median (IQR) filter life in these patients was 66 (36-84) hours.

Secondary Objectives

Citrate accumulation was present in 82 (52.25%) patients. Citrate
accumulation was not significantly different when compared with
the outcome of the patients, i.e., between patients who expired,
were discharged or LAMA (p =0.469; Table 3). Citrate toxicity was not
observed in any patient. In subgroup analysis of patients with liver
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Citrate accumulation
Absentn (%) Presentn (%) Chi-square p-value
In ALF when compared with patients without liver disease

ALF (n=23) 12(52.2%) 11 (47.8%) 0.8126  0.367
Others (n=88) 55(62.5%) 33 (37.5%)

In CLD when compared with patients without liver disease
CLD (n=42) 8(19.1%)  34(81%) 21493  <0.001*
Others (n=88) 55 (62.5%) 33(37.5%)

In post-LDLT when compared with patients without liver disease
PLDLT (n =6) 0 (0.0%) 6 (100.0%) - 0.004*
Others (n=88) 55 (62.5%) 33 (37.5%)

ALF, acute liver failure; CLD, chronic liver disease; LDLT, living donor liver
transplant. p < 0.05 is significant
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Fig. 3: Lactate values with citrate accumulation at different time points

diseases, acute liver failure (ALF) patients did not have a significant
increase in citrate accumulation (p = 0.367) but patients with chronic
liver disease (CLD) (p <0.001) and those who were post living donor
liver transplant recipients (p = 0.004) had statistically significant
increase in citrate accumulation (Table 4).

It was also observed that patients in whom the lactate values
were greater than 6 at the baseline (i.e., 6 hours post-CRRT initiation)
then, for the next 36 hours, these patients were more likely to
have citrate accumulation (Fig. 3). However, RCA for CRRT was not
required to be discontinued in any patient with citrate accumulation.
We also looked at citrate accumulation among patients who had an
indication for CRRT as AKl or hyperammonemia (n = 152). There were
22 patients for whom CRRT was initiated only for hyperammonemia,
while patients with AKI and no hyperammonemia requiring CRRT
were 130. Citrate accumulation when compared between the two
groups was not significant (p = 0.291, Table 5).

Discussion

This prospective observational study on the use of RCA during CRRT
in patients with AKI or hyperammonemia requiring anticoagulation
found that a median (IQR) filter life of 30 (12-55) hours. Zarbock et al.
in their randomized control trial (RCT) of 596 patients, comparing
RCA and heparin had a median (IQR) filter life of 47 (19-70)
hours with RCA. The median filter life in the heparin group was
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Table 5: Comparison of citrate accumulation in patients having hyperammonemia or AKI

Citrate accumulation
Groups Absent Present Total Chi-square p-value
Hyperammonemia (n = 22) 13 (59.1%) 9 (40.9%) 22 (14.5%) 1.15 0.291
AKI (n=130) 61 (46.9%) 69 (53.1%) 130 (85.5%)

p < 0.05 is significant

26 (12-51) hours."" Gattas et al. in their RCT comparing RCA with
regional heparin anticoagulation found median (IQR) filter life
with RCA 39.2 (32.1-48) hours while that with regional heparin
anticoagulation was 22.8 (13.3-34) hours.'? Zarbock and Gattas both
had a filter life more than our study."""'? This was probably because
Zarbock et al. excluded patients with persistent and severe lactic
acidosis [pH < 7.2 in two consecutive measurements for more than
2 hours and lactate level >72.1 mg/dL (8 mmol/L)], whereas our
study included these patients.!" Gattas et al. excluded patients who
were anticipated to stay in the ICU for less than 24 hours.'? These
patients were included in the present study. The median circuit life
in our study was also higher than the heparin group in the above-
mentioned studies. A subsequent meta-analysis by Li et al. found
that the heparin group had a significantly shorter filter life when
compared with the RCA group (p <0.0001)."3

Palsson and Niles in an early study on RCA in CRRT found that
75.2% of patients had filter clotting with RCA.' Leroy et al. in their
propensity score-matched cohort study found that circuit clotting
was more with RCA (12.9 vs 2.4%; p=0.02) when compared with
the heparin.”® This was, however, much less when compared with
the study done by Palsson et al. In our study, filter clotting was
observed in 33.3% of patients with RCA with a median (IQR) filter
life of 43 (28-64) hours.

In our study, citrate accumulation was defined as “total
serum calcium to patient’s ionized calcium ratio >2.4." It is used
as a surrogate marker for citrate accumulation. The present study
found citrate accumulation in 52.25% of patients, however, citrate
accumulation did not affect the filter life. Also, citrate accumulation
did not make any difference to the patient outcome. Our RCA
protocol mandates that in any patient having a total calcium to
ionized calcium ratio >2.4, citrate needs to be stopped for 20
minutes and subsequently restarted afterwards with a citrate dose
of 0.5 mmol/L less than the previous citrate dose. These corrective
measures helped in resolving citrate accumulation in all the patients
and thus allowed us to continue RCA without any citrate toxicity
or any significant difference to the outcome. Increasing the CRRT
dose by increasing dialysate where citrate accumulation is present
will also help in the early clearance of citrate. Khadzhynov et al. of
1,070 patients found citrate accumulation in 2.99% of patients.'®
Meier—Kriesche et al. in their study had citrate accumulation in 12%
of total patients undergoing continuous venovenous hemodialysis
(CVVHD) and 33% in patients with liver disease.” The increased
citrate accumulation observed in our study compared with earlier
studies can be attributed to the fact that 44.64% of patients in
our study had liver disease or were post-liver transplant patients.
In our study, in a subgroup analysis, citrate accumulation was
statistically significant in CLD (p < 0.001) and post-liver transplant
patients (p =0.004) when compared with non-liver disease patients,
however, citrate accumulation was not statistically significant in
acute liver failure patients (0.367). Again, RCA was not required to
be discontinued in this subset also using our RCA protocol despite
citrate accumulation episodes. In the L-CAT study by Slowinski
etal., 133 individuals who were managed with RCA and CVVHD were
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included.® Severe acidosis or alkalosis (pH < 7.2 or = 7.55) and severe
hypo- or hypercalcemia (ionised calcium <0.9 or =1.5 mmol/L,
respectively) of any cause were the safety endpoints. Using their
initial serum bilirubin level as a guide, the patients were divided into
three predetermined groups based on their liver function (normal
liver function <2 mg/dL, mild liver function >2-<7 mg/dL, severe
LF >7 mg/dL). It was discovered that there was no difference in the
safety endpoints between the three patient strata: severe acidosis
(normal liver function 13%, mild LF 16%, severe LF 14%; p = 0.95),
severe hypocalcemia (normal liver function 8%, mild LF 14%, severe
LF 12%; p = 0.70), and severe hypercalcemia (0% in all strata). Only
three patients showed signs of impaired citrate metabolism. They
concluded that people with liver illness can safely utilize RCA.'®
Peng et al.in their meta-analysis of 1,026 patients also found RCA to
be safe and effective in liver failure patients.”” In research by Saner
et al. on liver transplant recipients who needed CRRT in the post-
operative phase, no significant time trend of serum pH, bicarbonate,
sodium, potassium, or calcium was discovered during CRRT. They
came to the conclusion that RCA is both secure and useful for liver
transplant recipients.?°

In our study, it was observed that patients in whom the lactate
values were greater than 6 at the baseline (i.e.,, 6 hours post-CRRT
initiation) then, for the next 36 hours, these patients were more
likely to have citrate accumulation. In their retrospective research,
Khadzhynov et al. discovered that patients with starting lactate
levels greater than 4 mmol/L had the highest citrate buildup
(6.33%)." Khadzhynov et al. in their earlier study found that all
patients who had citrate accumulation had severe lactic acidosis (pH
7.20+0.11, lactate 136 + 61 mg/dL).'®In a prospective observational
trial, Schultheil et al. discovered that a rise in the total calcium to
ionized calcium ratio > 2.5 was predicted by serum lactate > 3.4
mmol/L and prothrombin time < 26%. These predictions had high
sensitivity (86% for both lactate and prothrombin time), as well as
specificity (86% for lactate and 92% for prothrombin time).?2 The
present evidence available in the literature concurs with our findings.

Indian Society of Critical Care Medicine (ISCCM) guidelines on
AKI and renal replacement therapy suggest that RCA should be
the preferred choice over heparin at centers which have adequate
expertise.?? Sodhi et al. in their survey have found that the use
of RCA was low (11%) across India.?* Our study findings and RCA
protocol will help various centers with limited exposure to enhance
their expertise in using RCA during CRRT.

There are certain limitations to our study. Firstly, it is an
observational study, with a significant number of patients having
liver disease. Secondly, the study did not consider some other
factors like the need for blood transfusion, baseline patient
parameters and sequential organ failure assessment (SOFA) score
which could have shed more light on the results of the study.

CoNcLUSION

The RCA is a safe and effective way of prolonging filter life when
tailored to a protocol, more so in patients at high risk of bleeding.
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Our RCA protocol has demonstrated the feasibility of RCA in ICU
patients. Citrate accumulation doesn't affect the patient outcome
and can be resolved by following the RCA protocol used in the
study. Patient selection and monitoring become paramount,
especially in patients with high lactate levels. There is no absolute
contraindication to RCA.
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Appendix

APPENDIX

Medanta, the Medicity Institute of Critical Care & Anesthesiology
Division of Gastro, Gl Surgery and Liver Critical Care
Protocol for Continuous Renal Replacement Therapy Using Citrate
(Regiocit, Citrate Concentration 18 mmol/L)

STARTING PARAMETERS

Effluent dose: Always less than 35 mL/kg/hr unless specifically mentioned (reduce dialysate and replacement fluid accordingly).
Filtration fraction: Target less than 25%.

Citrate dose: 3 mmol/L.

Calcium compensation: Its by 10% calcium chloride depending on initial patient ionized calcium level (see Table A1).

Table A1: Initial calcium compensation

Patient ionized calcium Starting calcium compensation

Less than 0.8 mmol/L 15 mL/hr and give 1 gm calcium chloride 10% over 30 minutes before starting
0.8-1.0 mmol/L 12.5 mL/hr

Greater than 1.0 mmol/L 10 mL/hr

Treatment Monitoring

Low patientionized calcium values should ALWAYS be attended to as a priority, as they will have the biggestimpact on patient physiology
and stability.

If at any time during treatment the patient’s ionized calcium is less than 0.8 mmol/L, administer 1 gm calcium chloride 10% through
central line.

A patient with ionized Ca of 0.8-1.0 mmol/L is required to keep the patient safe from the effects of hypocalcemia. A filter ionized
calcium concentration of 0.25-0.35 mmol/L is required to prevent filter clotting.

So, once treatment is initiated and blood flow is established, wait for 60 minutes, then do the below checks:

Patient ionized calcium: Check this from the patient’s arterial line.

Filter ionized calcium: Check this from the blue port on Prisma flex.

The table below gives the timings of the filter ionized calcium and patient ionized calcium checks (as well as other blood tests that
will be needed).

Parameter Initial check And then
Filter lonized Ca — ABG from blue port on circuit target 0.25-0.35 mmol/L  2nd hourly until stable (no further correction needed) 6 Hourly
Patient ionized Ca — ABG from arterial line target 0.8-1.0 mmol/L 2nd hourly until stable (no further correction needed) 6 Hourly
Serum Ca After 6 hours Daily
Total calcium to patient Ca ratio target ratio <2.4 After 6 hours Daily

Adjust the calcium compensation and citrate dose based on the table below. Adjustments are made through the anticoagulation screen
of the CRRT machine.

Parameter Filter ionized Ca > 0.35 Filter ionized Ca 0.25-0.35 Filter ionized Ca < 0.25
Patientionized  Citrate dose increased by 0.5 mmol/L Calcium compensation increased by Citrate dose decreased by 0.5 mmol/L
Ca<0.8 blood and Calcium compensation 2.5 mL/hr blood

increased by 2.5 mL/hr
Patient ionized  Citrate dose increased by 0.5 mmol/L ‘Normal’ideal values Citrate dose decreased by 0.5 mmol/L
Ca0.8-1.0 blood blood
Patientionized  Calcium compensation decreased by Calcium compensation decreased by Calcium compensation decreased by
Ca>1.0 2.5 mL/hr 2.5 mL/hr 2.5 mL/hr and citrate dose decreased by

0.5 mmol/L blood
Recheck 2nd hourly after any change
If at any time during treatment the patient’s ionized calcium is less than 0.8 mmol/L, administer 1 gm calcium chloride 10%.
Always target an effluent dose of less than 35 mL/kg/hr and filtration fraction less than 25% (unless specifically indicated otherwise)
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Appendix

Total Calcium to lonized Calcium Ratio Monitoring

A high “total calcium to ionized calcium ratio” is a surrogate marker of citrate toxicity. To obtain the value, perform the following
calculation manually - Patient total calcium + Patient ionized calcium. Note that it is the total calcium and not the “corrected calcium”
that is used in the equation.

After 6 hours of treatment commencing, request a total calcium from the lab. However, increasing calcium compensation in the
preceding hours could indicate citrate accumulation. In these circumstances, a total calcium level may be checked before the 6-hour mark.

Ratio  Action
<24  Checkratio daily
>2.4  Stop citrate for 20 minutes and restart afterwards with 0.5 mmol/L less than the previous citrate dose.

Leave calcium compensation unchanged. This would result in a slightly higher filter ionized calcium. (0.35-0.45 acceptable).
If ratio remains above 2.4 despite filter lonized calcium of 0.35-0.45 mmol/L then consider:

+ Doubling baseline dialysate flow (will increase citrate clearance).

+ Reducing blood pump speed (will reduce total administered citrate dose).

- Stopping citrate and using an alternative anticoagulant (or no anticoagulant).
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