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Regional Citrate Anticoagulation for CKRT With Calcium-
Containing Solutions: A Cohort Study

Harin Rheel2”, Brendan Berengerl”, Ravindra L. Mehtal, Etienne Macedo?
1Department of Medicine, University of California San Diego, San Diego, CA, USA

2Department of Internal Medicine, Pusan National University School of Medicine, Pusan, Republic
of Korea

Abstract

Obijective: Regional citrate anticoagulation (RCA) is the preferred anticoagulation method for
continuous kidney replacement therapy (CKRT) recommended by the KDIGO guidelines. Limited
availability of calcium-free solutions often imposes challenges to the implementation of RCA for
CKRT (RCA-CKRT). The principal purpose of this study was to characterize the outcomes of
RCA-CKRT using calcium-containing solutions.

Study design: Retrospective cohort study.

Setting & Participants: We evaluated the safety and efficacy of RCA-CKRT with calcium-
containing dialysate and replacement fluid used for 128 patients. A total of 571 filters and 1,227
days of CKRT were analyzed.

Exposures: Liver disease, sepsis in the absence of liver disease, and sepsis with liver disease.
Outcomes: Filter life and metabolic complications per 100 CKRT days.
Analytical Approach: Linear mixed effects model and generalized linear mixed effects models.

Results: The majority of patients were male 91 (71.1%), 32 (25%) had liver disease, and 29
(22.7%) had sepsis without liver disease. Median filter life was 50.0 (IQR, 22.0, 118.0) hours with
a maximum of 322 hours and was significantly lower (33.5 (17.5~ 60.5) hours) in patients with
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liver disease. Calcium-containing replacement solutions were used in 41.6% of all CRRT hours,
and reduced intravenous calcium requirements by 31.7%. Hypocalcemia (ionized calcium lower
than 0.85mmol/L) and hypercalcemia (total calcium higher than 10.6mg/dL) were observed in
6.0 and 6.7 per 100 CKRT days respectively. Citrate accumulation was observed in 13.3% of all
patients and was associated with metabolic acidosis in 3.9%, which was not different in patients
with liver disease (9.3% p=0.165).

Limitations: Lack of control groups that used calcium-free dialysate and replacement solutions
with RCA-CKRT. Possible overestimation of filter life from incomplete data on cause of filter
failure.

Conclusions: Our study suggests that RCA-CKRT with calcium-containing solutions is feasible
and safe in critically ill patients including those with sepsis and liver disease.

Plain-language summary

Calcium-containing solutions for citrate anticoagulation in continuous dialysis. Regional citrate
anticoagulation for continuous dialysis (RCA-CRRT) prevents clotting by binding free calcium
in the blood. The procedure utilizes calcium-free dialysate and replacement solutions for fear
that calcium-containing solutions would lead to ineffective anticoagulation or increased citrate
requirements. We implemented RCA-CRRT using calcium-containing solutions in 128 patients
including 32 patients with liver disease and 28 patients with sepsis. In our study, median filter
life was 50 hours, comparable to studies using calcium-free solutions. Patients with liver disease
and sepsis had shorter median filter life than those without these conditions, however there

was no difference in the incidence of complications. This study describes the technique using
calcium-containing solutions and practical considerations for patients with liver disease or sepsis.

Keywords

Regional citrate anticoagulation; Continuous renal replacement therapy; Calcium-containing
dialysate; Calcium -containing replacement solution

Introduction

Continuous renal replacement therapy (CRRT) is widely used in the management of
critically ill patients and regional citrate anticoagulation (RCA) is the anticoagulation
method recommended by KDIGO. 1-6 Traditional CRRT with RCA (RCA-CRRT) protocols
have used calcium-free dialysates and replacement solutions for an effective chelation of
ionized calcium in the circuit’=9 and calcium is infused intravenously to keep the blood
level of ionized calcium sufficient for normal coagulation and hemostasis.”- 8 In our center,
we had utilized customized, low sodium, calcium-free bicarbonate-based dialysate and
replacement solutions for RCA-CRRT and 10% calcium chloride for replacing calcium for
more than 22 years. In 2012, nationwide shortages of bicarbonate solutions, 10% calcium
chloride and phosphate were encountered and have continued over the last several years
making it difficult to provide traditional RCA-CRRT. 10. 11 Commercially available calcium-
containing CRRT solutions have 2.5mEg/L of ionized calcium and a higher concentration
of bicarbonate (32 mmol/L) over calcium-free solution (22 mmol/L), thereby providing

an external source of calcium and bicarbonate to reduce the need of injectable solutions.

Am J Kidney Dis. Author manuscript; available in PMC 2022 October 01.
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However, this approach is challenging because it may affect filter life and metabolic
complications associated with RCA-CRRT. Critically ill patients with chronic liver disease
or sepsis are the most at risk for these complications since acute on chronic liver failure
12,13 or multiple organ dysfunction can lead to coagulopathy 14-16 and impair citrate
metabolism.

We leveraged the available commercial solutions to develop an alternate approach
to RCA-CRRT using calcium-containing dialysate and replacement solutions. In
this study, we describe our experience of the efficacy and safety of RCA with calcium-
containing solutions for Continuous veno-venous hemodiafiltration (CVVHDF) at our
institution.

We reviewed medical records of patients > 18 years admitted to the University of California,
San Diego Health System between January 1 and December 31, 2017, who received
CVVHDF. Patients who received CRRT less than 24 hours and those with missing data were
excluded. Clinical information, dialysis parameters and laboratory data were extracted from
electronic medical records. Hourly recordings of dialysis parameters and anticoagulation
variables including citrate flow rate, intravenous calcium replacement flow rate were
grouped into 6 hour Periods. Effluent Fluid urea nitrogen (FUN)/ Blood urea nitrogen
(BUN) ratio was measured every 12 hours. 1. 17. 18 Comorbidities and hospital admission
diagnoses were obtained from chart review. The Sequential Organ Failure Assessment
(SOFA) score was calculated at CRRT start. In patients with liver disease, degree of hepatic
dysfunction at CRRT start was assessed using the Acute on Chronic Liver Failure (ACLF)
scorel2. 19, Approval to perform anonymous analyses of routinely collected clinical data
was obtained with a waiver of informed consent from the Institutional Review Board of the
University of California, San Diego.

CRRT technique and RCA anticoagulation

Vascular access was obtained with ultrasound guidance using an uncuffed dual lumen
catheter placed in the internal jugular vein or femoral vein. We performed pre- and post-
dilution CVVHDF using a Baxter PRISMAFLEX (Lakewood, CO, USA) CRRT machine,
with a 0.9 m? acrylonitrile membrane (AN69, MF-100 filter set for PRISMAFLEX). The
operational characteristic and circuit schematic are shown in Figure 1. A 3 - way stopcock
was placed between the arterial catheter and the tubingconnecting the filter, and 4%
trisodium citrate (140 mmol citrate and 420 mmol sodium/liter, Baxter Corp.) was infused at
this site at an initial rate of 140-180 ml/hr (16.8-25.2 mMol citrate per hour) with a range
of 100 to 210 ml/ hr for a blood flow rate (Qb) of 100 ml/min. Calcium was replaced via a
separate central venous access using a solution of 10% calcium chloride (comprised of 20 ml
of 10% calcium chloride added to 250 ml of 0.9% saline; or 10% calcium gluconate (14g of
calcium gluconate 10% solution to the 500ml of 0.9% sodium chloride saline) to provide 1
mEq of calcium per 10 ml in cases where calcium chloride solution was not available. The
calcium solution was infused at an initial rate of 40 ml/ hour, (4 mEg/hr), with a range of

3 to 5 mEg/hr depending upon the level of ionized calcium and the citrate infusion rate to

Am J Kidney Dis. Author manuscript; available in PMC 2022 October 01.
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maintain peripheral blood ionized calcium of 0.85~1.05mmol/L. lonized calcium levels were
sampled from venous blood (pre) and post filter circuit (post) every 6 to 8 hours. Citrate
flow rates were adjusted, to maintain post-filter levels ionized calcium values between 0.25
to 0.35mmol/L adjusted to 0.35 to 0.45mmol/L in patients with liver disease. We used
commercially available Prismasate (Baxter, Dearborn, Chicago) (4/2.5 solution 2.5 mEg/L
calcium) as a dialysate. We added 0~10mEq of KCL and 0~5mEq of MgSO4 to each 5 liter
bag based on the UCSD electrolyte protocol (Table S1). Standard dialysate flow rate was
1000mL/hr. We infused 0.9% saline at 500 ml/hr pre-filter to maintain filtration fraction <
30% and an additional 200ml/hr to maintain patency of the aeration chamber as required

by the manufacturer. Fluid balance was achieved by adjusting the volume of substitution
fluid administered through an IV line outside the circuit to replace the hourly fluid removed
adjusting for all intakes and outputs outside the circuit. Hourly fluid balance targets were
set by the clinician and adjusted as needed. Fluid composition of the substitution fluid was
based on the clinical condition and included Prismasol (32mmol/L bicarbonate, 3mEg/L
lactate, 2.5Meqg/L ionized calcium) (Baxter, Dearborn, Chicago); or customized bicarbonate
solutions composed of sterile water mixed with 150mEq of bicarbonate, sterile water mixed
with 75mEq of bicarbonate, and 0.45% saline mixed with 75mEq of bicarbonate, 0.45%
saline, or 0.9% saline to achieve metabolic and acid base balance.

Efficacy measurement

Filter performance was evaluated by two parameters, filter longevity and filter efficacy.
Based on filter life-span filters were assigned into one of 4 groups; < 24 hour, 25~48

hour, 49~96 hour and >96 hour. Reasons for filter change were categorized as: “access”,
“clotting”, “low efficacy”, “time” and “unrelated to therapy”. “Access” problems included
filters that were changed due to catheter obstruction or kinking. “Low efficacy” was defined
as the FUN/BUN ratio below 0.85; and the “time” when filters that were electively changed
after more than 96 hours. “Unrelated to therapy” was considered when filters were changed
due to CRRT stops related to transfer from the ICU for radiological procedures or room
changes, machine problems other than filter, access or line problems; and clinical decisions
to stop therapy.

Additionally, we assessed the influence of calcium containing substitution fluids on the
amount of calcium replacement required to maintain the peripheral ionized calcium values in
target range. For these calculations we considered that the amount of calcium delivered from
dialysate was constant because the blood flow rate and dialysate flow rate were maintained
at 100ml/min and 1 liter per hour respectively thereby alterations in peripheral ionized
calcium were corrected by calcium provided through the calcium gluconate and the calcium
delivered through the intravenous substitution fluid. The total amount of calcium delivered
was calculated as the sum of the hourly replaced calcium from the calcium gluconate and
the intravenous substitution solutions. The contribution was calculated as the proportion of
calcium from the substitution fluid among the total amount of calcium delivered.

Safety Assessments—The prevalence of new onset metabolic complications per 100
CRRT days was calculated by evaluating daily worst values of serum electrolyte from

the second day of IC U admission. The selected value was categorized as “low”, “within

Am J Kidney Dis. Author manuscript; available in PMC 2022 October 01.
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target”, and “high” according to the cutoff values summarized at Table S2(a) and abnormal
values were further grouped into mild, moderate, and severe cases (Table S2(b)). C itrate
accumulation was defined per patient as the worst calcium ratio during C R R T higher than
2.5.

Data are presented as absolute number and percentages, or medians and interquartile ranges
(IQRs), as appropriate. Comparisons of filter life and other filter-level or filter-hour level
data were analyzed using a linear mixed effects model that included a patient-specific

or patient-filter-specific random effect. The incidence of metabolic complications between
groups was compared using a Generalized linear mixed effects model included a patient-
specific random effect. Cox-regression analyses were used to define factors associated
patient outcome, adjusted with factors that were significant in uni-variable analyses. We
considered p < 0.05 as statistically significant. We performed analyses using IBM SPSS
statistical (v. 26.0, SPSS Inc., Chicago, IL, USA).

During the study period 226 patients were treated with CRRT and 128 patients were
included for this analysis excluding 9 patients who received CRRT less than 24 hours,

and 89 patients whose dialysis information for the outcomes included in this analysis was
incomplete (Figure S1). Patient baseline characteristics are summarized in Table 1. The
mean age was 58.2+14.4 years and 71.1% of the patients were male. A total of 32 out

of 128 (25%) had liver disease and 23 (71.9%) had grade 3 ACLF (Table S3). Other
co-morbidities included diabetes (40.6%), chronic kidney disease (CKD, 25%) and end stage
kidney disease (ESKD, 16.5%). The most common main diagnosis when starting CRRT
was sepsis (35.9%) followed by non-septic shock (33.6%). The mean SOFA score at CRRT
initiation was 14.9+3.3. The median duration of hospital stay was 27.0 (IQR 12.5-43.5)
days. In-hospital mortality rate was 50.8%.

Median CRRT duration was 5.7 (IQR 2.9-12.5) days and 571 filters, a median of 3 (IQR
1-6) filters per person, were used. During a total of 28,671 filter hours, the median filter

life was 32.0 (IQR 16.0-69.0) hours with a minimum duration of 1.0 hours and a maximum
duration of 322 hours. Median FUN/BUN ratio was 1.0 (IQR 1.00-1.03) with a minimum
of 0.71 and a maximum of 1.39. During the RCA with calcium-containing solutions, median
blood flow rate was 100 (IQR 100, 100) mL/min; with the median citrate infusion rate of
150 (IQR134.0-165.0) mL/hr and median post-filter ionized calcium level was 0.32 (IQR
0.30-0.36) mmol/L. Peripheral ionized calcium levels were maintained within the median
of 1.05 (IQR 1.00-1.09) mmol/L throughout the CRRT with the median calcium gluconate
solution infusion rate of 44.0 (IQR 33.0-55.0)mL/hr (Table 2).

In our circuit, the most commonly used pre-filter solutions were 0.9% saline (39.1%), 0.45%
saline (48.4%) and post-filter solutions to maintain the patency of the deaeration chamber
were 0.9% saline (46.2%) and 0.45% half saline (39.7%). Intravenous substitution fluid
utilized to maintain hourly fluid balance included 0.9% saline (48.4%), calcium-containing
Prismasol (32mmol/L bicarbonate, 3mEq/L lactate, 2.5Meg/L ionized calcium) (Baxter,

Am J Kidney Dis. Author manuscript; available in PMC 2022 October 01.
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Dearborn, Chicago) (41.6%), and individualized bicarbonate solution (7.3%) (Summarized
in Table S4).

In 41.6% of the cases with calcium-containing Prismasol, total calcium requirements
reduced by 31.7% and a greater amount of calcium was delivered with less infusion of
calcium gluconate compared to the cases with calcium-free substitution fluid (Table 3).

Filter Performance

Safety

Of the 571 evaluated filters, median filter life was 32 (IQR 16.0-69) hrs; 39.8% were
changed within 24 hours and 25.4% between 24 and 48 hours (Table 2 and 4). Excluding
215 filters where reasons for change were not recorded, the most common cause of filter
change was events unrelated to therapy (50.8%) and only 98 out of 356 filters (27.5%) were
changed due to clotting or low efficacy. Access problems, clotting and low efficacy were
mostly observed in filters with early failure (Table 4). Excluding filters changed unrelated to
the therapy, the median filter life was 50.0 (IQR 22.0~118.0) hours (Table 2). In filters that
were changed within 24 hours, post-filter ionized calcium was higher, and peripheral ionized
calcium was lower than the others despite no difference in citrate flow rate (Figure S2).

We further compared filter performance in patients with sepsis in the absence of liver
disease (SEP) (n=29; 99 filters), those with liver disease (LD) (n=32; 104 filters) and those
without sepsis or liver disease (NSLD) (n= 67; 368 filters) (Table 2). The median filter

life was significantly lower in patients with SEP (24.0 (IQR 14.0~46.5) hrs) and LD (26.0
(IQR 14.0-51.0) compared to the filters with NSLD 37.0 (IQR 17.5-72.0) hrs; p=0.01). In
patients with LD, post-filter ionized calcium levels kept higher and citrate infusion rate was
lower, but peripheral ionized calcium levels were lower compared to patients with NSLD
(Table 2 and Figure 2). In patients with SEP, peripheral ionized calcium levels were not
statistically different from NSLD however a larger amount of calcium replacement was
needed (Figure 2). Filter changes due to low efficacy or clotting were more common in
patients with LD (48.4%) than in SEP (28.4%) or NSLD (22.4%, p <0.001 (Table S5 a and

b)).

Prevalence of metabolic complications are summarized in the figure 3. Metabolic
complications were more frequently observed in cases with LD (Figure 3, Table S6)
followed by SEP (Figure S3(a)). Hypocalcemia (ionized calcium < 0.85 mmol/L) was
observed in 6.0 days and severe hypocalcemia (ionized calcium < 0.8mmol/L) was observed
only in 3.3 days per 100 CRRT days, most frequently in patients with LD (8.4 vs SEP, 6.1
vs NSLD 1.6 days; p=0.004). The frequency of hypocalcemia was not different according
to the ACLF grade in LD (Gradel, 5.9 vs Grade 2, 11.1 vs Grade 3, 14.1, p=0.646).
Hypercalcemia (total calcium = 10.6 mg/dL) was seen in 6.7 days per 100 CRRT-days and
was significantly higher in patients with LD (31 days) than NSLD (2.0 days, p <0.001).
Moderate (total calcium =12 mg/dL) or severe hypercalcemia (total calcium = 14mg/dL)
was observed only in LD patients with ACLF grade 3 (moderate: 4.2 days, severe: 6.3
days per 100 CRRT days). Hypophosphatemia (phosphate < 2.7 mg/dL) was seen in 57.1
days per 100 CRRT days and 35.4 days were mild (phosphate 2.0 ~ 2.7 mg/dL). Metabolic

Am J Kidney Dis. Author manuscript; available in PMC 2022 October 01.
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acidosis (pH <7.3) was observed in 16.9 days (LD 12.7, SEP 23.8, NSLD 16.1, p=0.042)
and severe metabolic acidosis (pH < 7.2) was observed in the 4.9 days per 100 CRRT days
(LD 4.6, SEP 8.9, NSLD 4.0, p=0.016). The incidence of new onset hypomagnesemia (Mg
<1.6 mg/dL) and hypokalemia was not different according to the disease group (Table S6).
During the median of 5.7 days of CRRT operation, citrate accumulation was observed in

17 patients (13.3%) (34% in LD, 6.9% Sepsis and 6% NSLD, p <0.001) and 5 (3.9%) of
them had combined metabolic acidosis, of whom had ACLF grade 3 liver disease (Table S7).
In patients with LD the calcium ratio was significantly higher throughout the filter period
with lower peripheral ionized, higher total calcium levels and larger amount of calcium
replacement compared to the patients without liver disease (Figure 2).

Patient outcome

A total of 42.9 % of the patients died in ICU. In the multivariable analysis adjusted with age,
sex, BMI, sepsis, liver disease, citrate accumulation, and SOFA score, only SOFA score was
a significant factor associated with the ICU mortality (HR 1.233 (1.072~1.419), p=0.003)
(Table S8).

Discussion

An effective anticoagulation strategy is essential to maintain CRRT circuits and provide
uninterrupted therapy. Regional citrate anticoagulation (RCA) techniques have vastly
improved filter performance, however, they have traditionally required calcium free
hypotonic solutions to optimize the anticoagulation effect within the circuit.8 Calcium-
containing solutions were usually avoided in the RCA-CRRT due to the fear of ineffective
anticoagulation or increased citrate accumulation associated with the increased citrate
requirement. Shortages of calcium chloride and bicarbonate and calcium free dialysate
and replacement solutions prompted us to utilize calcium-containing solutions for RCA
in CRRT. Our study suggests that RCA-CRRT10. 11 with calcium-containing solutions is
feasible and safe in critically ill patients including those with sepsis and liver disease.

Most studies describing anticoagulation in CRRT focus on filter longevity and circuit loss
as parameters for filter performance and fail to recognize that filter efficacy may deteriorate
prior to obvious circuit clotting.17: 18 20. 21 \\e routinely measure the effluent/plasma fluid
to blood urea nitrogen (FUN/BUN) ratios every 12 hours in our CRRT circuits to determine
filter efficacy as small molecular clearance should remain intact if the fibers are not clogged
with protein or cellular materials.: 17: 18 We change filters when the FUN/BUN ratio is
below 0.85 and when the filter has been in use for more than 96 hours even if it is
functioning well. Consequently, we utilized two parameters for filter performance: the filter
duration and efficacy and recorded the reasons for filter changes to ascertain the relationship
of the operational characteristics to the therapy delivery.

Our median filter life of 32 (16~69) hours and maximum duration of 322 hours was
relatively shorter compared to the filter longevity of our previous reports or other groups
with calcium-free dialysate. In our previous report of Rolando et al, the median filter life
was 75 (IQR 48.5~115.6) with a minimum duration of 1.3 hours and a maximum duration
of 183.3 hours.1” Other groups that used RCA with calcium-free dialysate on CVVVHDF,

Am J Kidney Dis. Author manuscript; available in PMC 2022 October 01.
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the mean or median filter lives were 50 to 67.6 hours.22-25 However, these studies did not
measure the filter efficacy and consequently would overestimate filter performance.

Our findings reflect 3 distinct patterns for filter failure, 40% fail early within the first 24 hrs,
44% last between 1-4 days and 16% function over 4 days. Over half of these filter changes
are unrelated to the therapy representing the competing events from radiological and other
procedures requiring patients to be off therapy. When we re-calculated median filter life after
excluding these filters, median filter life was 50 (22.0~118.0) hours with a maximum of 322
hours, comparable to the previous reports.2: 22-25 Clotted circuits account for one quarter of
the circuits that fail early and between 1-4 days and only 5% of those that last longer while
reduced efficacy accounts for 7.6% and access issues were contributing in 5%. To interpret
these findings, it is important to consider the patients underlying condition contributing to
the coagulation status and the process of care that is adapted.

At start of CRRT, sepsis and non septic shock accounted for a third each of the patient
population, and 25% had liver disease all conditions with changes in coagulation status and
citrate metabolism. The early filter failures were associated with clotting in almost half of
filters with liver disease and 30% in the sepsis group in the first 48 hours. As we use a
standardized protocol for CVVHDF dosing operational characteristics were similar across
the filter patterns. However, as liver disease patients are anticipated to have reduced citrate
metabolism, citrate flow rates are reduced and have higher target post-filter calcium levels
that could potentially influence the higher rate of filter clotting seen in liver disease patients.
Low efficacy accounted for filter changes more frequently in both liver disease and sepsis
ranging from 16-20% for filters lasting 24—96 hours (Table S5).

The overall complication rate was similar to prior reports with RCA with calcium free
solutions.26-28 |n RCA-CRRT, a fall in ionized calcium is commonly observed in patients
with severe liver disease, shock or sepsis due to the inadequately metabolized citrate which
results in an impaired ionized calcium release from the calcium-citrate complex.2% 30 |n
such cases, increasing intravenous calcium infusion could be a solution for the management
of ionized hypocalcemia 31-33 however, contributes to increased total to ionized calcium
ratios consistent with citrate accumulation.

Our incidence of citrate accumulation in 13.3% is similar to prior reports of 0~12%

in RCA-CRRT with calcium-free dialysate33 and was higher in the patients with liver
disease, ranged from 3 to 22%.32 Direct comparison with our data is however difficult
because of the heterogeneous mode of CRRT and diverse RCA protocols. Additionally,
management strategies for citrate accumulation vary across centers.234 We managed
citrate accumulation; by a lower blood flow rate, increased post-filter ionized calcium
target, increased dialysate flow rate and lowered target systemic ionized calcium level

and permitted mild ionized hypocalcemia (0.85 mmol/L< ionized calcium< 1.05 mmol/L).
Our data shows the intravenous calcium sparing effect of calcium-containing intravenous
substitution fluid (Prismasol) used in about 40% of all applications. This reduced calcium
gluconate requirement by 30% and compared to the periods when calcium-free substitution
fluid was used, a higher amount of calcium was delivered. However, there was no

period when calcium was replaced with a substitution fluid alone. Ong et al.,3® reported

Am J Kidney Dis. Author manuscript; available in PMC 2022 October 01.
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complete replacement of calcium was possible with commercially used calcium containing
replacement solution with replacement flow rate, about 3L per hour. In our protocol, the
hourly volume of substitution fluid to maintain fluid balance is limited to approximately
600 ml/hour and would not be sufficient to provide all the calcium necessary to obviate any
additional infusion.

Strengths of our study include a detailed assessment of CRRT technique in a large number
of patients with heterogeneous conditions. The patient characteristics and process of care
elements are well defined to address their influence on filter performance. The delineation
of reasons for filter change provides relevant information to guide implementation of this
technique in critically ill patients and in those with sepsis and liver disease.

There are some limitations in our study. First this is a single center study with a standardized
approach to CRRT technique that may not be applicable elsewhere. Second, we did not
perform direct comparisons before and after the use calcium-containing solutions with RCA.
Therefore, direct comparison of citrate requirement, filter /patient outcome or metabolic
complication was not available. Third, we did not perform a detailed analysis of the severity
of liver disease to evaluate its influence as a limiting factor in the use of RCA due to

the limited number of patients with liver disease. Finally, reasons for filter loss were not
recorded in all the encounters and we may overestimate contributory factors for filter loss
because 43.2% of filters changed within 24 hours did not have reasons for failure recorded
and could have been due to filter clotting or low efficacy.

In conclusion, calcium containing dialysate and replacement solutions can be safely and
effectively used in RCA-CRRT. Further prospective studies will be useful to confirm our
findings for wider application.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Dialysate 1000 mL/h Replacement solution
Prismasate B25GK4/2.5: 5 L bag Lactated Ringers or
Na* 140 mEq/L 8-;‘:5/%5?:2‘3 or
J/0 |
CF  1i8imEql 0.45% Saline +75 mEq of NaHCO3 or
HCO; 32 mEqg/L Sterile water + 150 mEq of NaHCO3 or
Lactate 3.0 mEq/L Prismasol BGK 4/2.5
K* 4.0 mEq/L
Pre-filter dilution 500 Mg 1.5 mEg/L Post filter 200 mi/h
mi/h Gluc 110 mg/dL Lactated Ringers or
0.9% Saline or 0.45% Saline or
0.45% Saline +75 mEq of Ca 5 mEdl, 0.9% Saline or
NaHCO3 or Added With K 10 mEq/bag 0.45% Saline +75 mEq of NaHCO3 or
Sterile water + 150 mEq of and Mg 5 mEq/bag if needed Sterile water + 150 mEq of NaHCO3
NaHCO3 Q
| Qp R2
Q I I PF iCa?* (0.25-0.35 mmol/L)
Q R1
B m , e Vv
v — Baxter Prismaflex wi — Patient
100 mL/min . [N
I I iCa?*
Calcium replacement 0.85-1.05
Flow rates 0-80 ml/h mmol/L
Citrate Target peripheral lonized
4% Trisodium Citrate calcium 0.85-1.05 mmol/L

Target post filter ionized
calcium 0.25-0.35
mmol/L

Figure 1.

Flow rates 100-180 mi/hr QE = QRl + QRZ + QFR + QD

Regional citrate anticoagulation circuit for the PrismaFlex machine with pre and post
dilution CVVHDF using calcium-containing solutions. Prismasate and Prismasol are

the commercial dialysate and substitutions fluid solutions sourced from Baxter (Baxter,
Dearborn Chicago). Abbreviations: QB, blood flow rate; QR1, pre-filter fluid flow rate; QD,
dialysate flow rate; QR2, post-filter fluid flow rate; QE, effluent flow rate; QFR, patient
fluid removal rate. * Commercial solutions
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Figure 2.
Comparisons of citrate anticoagulation with calcium containing solutions among different

disease groups; LD, patients with liver disease (Red line); SEP, patients with sepsis in the
absence of liver disease (Green line); NSLD, patients without sepsis or liver disease (Blue
line). Filter period is a 6-hour block from the use of each filter to the change and time

zero means every new start of CRRT after filter change. (a) Post filter ionized calcium
level, dotted line in the middle shows iCa level of 0.35mmol/L : target postfilter iCa level
for patients without liver disease, 0.25~0.35 mmol/L; patients with liver disease, 0.35~0.45
mmol/L (b) Peripheral ionized calcium level, two dotted lines show target range of 0.85~
1.05 mmol/L. (c) 4% Citrate rate, (d) Serum total calcium level, (¢) Calcium replacement
rate (sum of the replaced calcium from calcium gluconate and Prismasol), (f) Calcium ratio,
dotted line in the middle shows calcium ratio of 2.5. Error bars indicate 95% confidence
intervals.
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HyperNa(Na2145 mmol/L) I Mild mModerate mSevere
HypoNa(Na<136mmol/L) I

HypoMg(Mg<1.6mg/dL)

HypoK(K<3.5mmol/L) -

Met.Alkalosis(pH=27.5) I
Met.Acidosis (pH<7.3) -
HyperCa(Ca210.6mg/dL) l

HypoCa(iCa<0.85mmol/L) -
0

10 20 30 40 50
Number of events per 100 CRRT days

Figure 3.
Prevalence of new onset metabolic complication after RCA-CRRT with calcium containing

solutions (N=1,227 CRRT days); Grading of each metabolic complication is shown in
supplement Table S1. Light gray, mild; Dark gray, moderate; Black, severe
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Patient characteristics (N=128)

Table 1.

Variable Value
Demographics
Age,y 58.2+14.4
Male sex 91 (71.1%)
Weight, kg 84.2+23.2
Height, cm 169.1+£10.1
BMI. kg/m> 29.6+7.8
Comorbtdites
Hypertension 67 (52.3%)
Diabetes 52 140.6%)
CKD stages 1 -4 32 (25.0%)
Kidney failure 22 (16.6%)
CHF 43 (33.6%)
Liver disease 32 (25.0%)
Cancer 18 (14.1%)
Main clinical diagnosis at CKRT initiation
Sepsis 46 (36.9%)
Shock other than sepsis 43 (33.6%)
Cardiovascular disease 38 (29.7%)
Urinary calculus 1 (0.8%)
Disease severity
SOFA score at dialysis start 149+33
Laboratory data at CKRT initiation
Serum urea nitrogen, mg/dL 55.5+41.3
Creatinine, mg/dL 3.6+25
pH 73201
Patient outcomes
CKRT duration, d 5.7 [2.9-12.5]

Hospital length of stay, d

27.0 [12.5-43.5]

ICU length of stay, d

13.0 [8.0-22.5]

ICU mortality

56 (42.9%)

In-hospital mortality

65 (50.8%)

Values for continuous variables presented as mean + SD or median [interquartile range]; categorical variables, as counts (percentage).

Page 20

Abbreviations: BMI, body mass index; CHF, congestive heart falure: CKO, chronic kidney disease; CKRT, continuous kidney replacement therapy;
ICU, intensve care unit; SOFA, Sequential Organ Failure Assessment.
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Table 3.

Calcium saving effect with calcium containing substitution solution

Prismasol Calcium-free substitution fluid P

No. filter hours 5,846 22,825

Calcium gluconate infusion rate, mL/hr ~ 38.48+16.31 47.59+21.71 <0.001
iCa from calcium gluconate, mmol/hr 1.93+0.82 2.39+1.09 <0.001
Prismasol infusion rate, mL/hr 619.15%#175.11 O NA
iCa from Prismasol, mmol/hr 0.77+0.20 0 NA
Total iCa delivered, mmol/hr 2.71 +0.81 2.39+1.09 <0.001
% of calcium from Prismasol 31.66+15.51 0 NA

Peripheral iCa, mmol/L

1.06+0.07
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