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Abstract

Background: The current practice involves blood sampling from the circuit line to
measure acid-base and electrolyte parameters during continuous renal replacement
therapy (CRRT). However, there is limited evidence supporting its reliability due to
the effects of anticoagulant mechanism and access recirculation associated with
regional citrate anticoagulation (RCA).

Aim: To evaluate the reliability of monitoring acid-base and electrolyte parameters
through circuit lines in regular and reversed connections during RCA-CRRT.

Study design: In this prospective cohort study, we included critically ill patients
receiving RCA-CRRT via a double-lumen catheter. During the second hour after
CRRT initiation, we collected blood samples to monitor acid-base and electrolyte
parameters and their levels were compared between samples from the circuit lines
(at 0, 3, and 5 minutes) and those from the central venous catheter (CVC) line
(at O minute). During this time, CRRT switched to the replacement state as controls.
Results: We observed 128 CRRT circuits in 60 adult patients receiving RCA-CRRT.
Ninety-eight (76.6%) circuits had regular connections, while 30 (23.4%) had reversed
connections. Among regular connections, no differences were observed in any acid-
base or electrolyte parameters between samples from the CVC line and those from
the circuit line at all time points (P > .05). Among reversed connections, ionized cal-
cium levels were dramatically decreased at all three time points in samples from the
circuit line compared with those from the CVC line (0.65 £ 0.12, 0.72 + 0.11, and
0.78 £ 0.99 vs 0.98 + 0.07 mmol/L, P < .001), with comparable levels of other acid-
base or electrolyte parameters between the sampling patterns (P > .05).

Conclusions: Acid-base and electrolyte parameters could be reliably monitored
through the circuit line during RCA-CRRT in regular connections. However, in
reversed connections, pre-filter ionized calcium concentrations determined through

the circuit line were lower than those determined through the CVC line.
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1 | INTRODUCTION

Continuous renal replacement therapy (CRRT) is one of the most impor-
tant methods for maintaining electrolyte and acid-base homeostasis in
critically ill patients with or without acute kidney injury.l Systemic
anticoagulation is often required to prevent clotting of the filter and
extracorporeal circulation. Compared with heparin, regional citrate anti-
coagulation (RCA) is safer and confers a longer circuit life and conse-
quently less circuit downtime.2* Citrate is commonly recommended as
the first-line anticoagulant for CRRT in critically ill patients. It acts as an
anticoagulant by chelating ionized calcium in the extracorporeal circuit.>®
CRRT using RCA as an anticoagulation protocol usually requires a com-
plex monitoring system due to continuous adjustment of calcium infu-
sion and citrate flow to achieve an ideal pre-filter and post-filter ionized
calcium levels.”® Reportedly, electrolyte disturbances are among the
most common adverse events observed immediately after the initiation
of CRRT with RCA.%° It is critical to perform individual adjustments in
the CRRT parameters based on the results of the blood sample analy-
sis.™* Therefore, an accurate test for blood samples is essential to evalu-
ate electrolytes during CRRT with RCA in critically ill patients.

Intravenous double-lumen catheters are commonly used for tempo-
rary vascular access in CRRT. The clinical complications associated with
temporary central venous catheters (CVCs) are attributable to a variety
of reasons, including thrombus formation, fibrin sheath formation, and
malposition.*? A therapeutic approach commonly applied in daily clinical
practice to overcome the barrier of catheter dysfunction, to attain suffi-
cient blood flow rates, and to provide adequate dialysis to lengthen the
duration of renal replacement therapy involves reversing the connection
mode of dysfunctional double-lumen CVCs,*2 which consists of an
arterial line and a venous line. However, access recirculation increases
with both temporary and permanent functional catheters after reversing
the arterial and venous lines.*® The reported rate of access recirculation
is less than 5% with a correct connection, but increases to 13% with a
reversed connection.’>” Increased access recirculation due to reversed
lines may impair dialysis adequacy and test accuracy of blood samples
from the circuit.

Although arterial blood gas analysis is considered the gold standard
for measuring acid-base balance and electrolyte parameters, some CRRT
patients have no peripheral arterial line in the clinical scenarios, such as
dislodged the arterial lines, difficult access, and patients with stable car-
diovascular who require long-term CRRT. Therefore, sampling from cir-
cuit lines is the standard practice for measuring acid-base and electrolyte
parameters in some countries. Every CRRT extracorporeal circulation

line, which consists of an arterial line and a venous line, has an arterial
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Relevance to clinical practice: We suggest sampling from arterial or CVC lines rather

than from the circuit line in a reversed connection during RCA-CRRT.

access recirculation, acid-base and electrolytes, continuous renal replacement therapy, regular
connection, reversed connection

What is known about the topic

e Many continuous renal replacement therapy (CRRT) cir-
cuits have reversed blood lines to overcome catheter
dysfunction.

e The access recirculation rate is higher with a reversed
connection.

e Blood sampling from the circuit line during CRRT with
regional citrate anticoagulation (RCA) is technically possi-
ble, but it raises a question regarding the effect of access
recirculation on the accuracy of the measured parameters
during CRRT with RCA.

o Currently, there is a lack of evidence regarding the best
method for blood sampling through the circuit line during
CRRT with RCA.

What this paper adds

e Acid-base and electrolyte parameters can be reliably
monitored from the circuit line in a regular connection
during CRRT with RCA.

e There is no need to stop CRRT while collecting blood
samples through the circuit line in a regular connection
during CRRT with RCA.

e |t is inaccurate to monitor pre-filter ionized calcium con-
centration through the circuit line when a reversed con-
nection is used during CRRT with RCA.

sampling port, which makes the system simple and convenient for blood
sampling. However, ionized calcium could be chelated by citrate anti-
coagulation when blood is sampled from the circuit line during CRRT
with RCA and the reliability of monitoring electrolytes, particularly ion-
ized calcium, has rarely been discussed with respect to access rec-
irculation. To the best of our knowledge, only two case reports have
indicated that blood sampling from the circuit line during CRRT with
RCA could not avoid the effects of vascular access recirculation on the
determination of ionized calcium levels.'® Therefore, we raised the
question of the accuracy of blood sampling from the circuit line during
CRRT with RCA, especially in a reversed connection.

The aim of this study was to evaluate the accuracy and timing of
monitoring the acid-base and electrolyte parameters through the
CRRT circuit line by comparing them with the blood sampling results
from the CVC line during RCA-CRRT.
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2 | MATERIALS AND METHODS

21 | Design, setting, and sample

The present study was a protocol-designed, prospective, cohort study
requiring blood sampling at set time places (CVC line and circuit line) and
time points (at 0, 3, and 5 minutes during the second hour after CRRT
initiation) during the replacement state with only the blood pump run-
ning. Patients who underwent CRRT were recruited from the intensive
care unit of West China Hospital from December 2019 to June 2020.

Inclusion criteria were patients requiring CRRT; indication for
RCA; patients with haemodynamic stability; current use of temporary
CVCs without an arterial line in situ; patients aged 18 to 70 years old;
and patients who provided informed consent.

Exclusion criteria were patients who underwent blood transfusion
within the last 24 hours; patients who required blood products during
the CRRT session; and patients with decompensated liver disease
haemostatic disorders, coagulation derangements, allergies to citrate
products, and active CVC-related bloodstream infection. The progress

of circuits in this study is summarized in Figure S1.

2.2 | Ethical approval

This study was approved by the Research Ethics Committee (Approval
No. 2019-1048). Informed consent was obtained from all patients
and/or their guardians before the commencement of CRRT and any

sampling procedures.

2.3 | Study Protocol

Double-lumen catheters (13Fr, 250 mm; GDHK-1325, Baxter Interna-
tional Inc., Deerfield, lllinois) were placed in the femoral veins. Post-
dilution continuous veno-venous haemodiafiltration (CVVHDF) was
performed using the Prismaflex machine and ST150 haemofilters
(Baxter International Inc.), anticoagulation module was selected sys-
temic anticoagulation in the Prismaflex machine, which facilitated the
adjustment of citrate parameters in our hospital. CRRT was set at
25 to 35 mL/kg/h (dialysis: replacement fluid = 1:1), a commercial cal-
cium-containing solution (Ca2*, 1.6 mmol/L) (Qingshan Likang, Phar-
maceutical Co., Ltd., Chengdu, China) was used as the dialysis and
replacement solution. All patients received regional anticoagulation
with 4% trisodium citrate solution (target post-filter ionized calcium
level: 0.25-0.35 mmol/L) and 10% calcium gluconate was adminis-
tered on an as-needed basis as an intermittent intravenous bolus to
maintain the plasma ionized calcium level >0.9 mmol/L. The blood
flow rate was 130 to 150 mL/min during RCA-CRRT. All samples for
monitoring the acid-base and electrolyte parameters were collected
from both the regular CVC line and the arterial sampling point of the
circuit line with patients in the supine position. The CVC line was not
used for CRRT. The blood sample collection for measuring the acid-

base and electrolyte parameters was based on a fixed time course,
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starting from the second hour of CRRT (set as O minute). We collected
blood samples from the circuit line at O minute with CRRT in the
CVVHDF state and at 3 and 5 minutes as controls. During this time,
CRRT was switched to the replacement state with only the blood
pump running to decrease the citrate concentration of the circuit.
Blood samples were collected from the CVC line at O minute. The cir-
cuit with the arterial sampling point of RCA-based CVVHDF is shown
in Figure S2. The circulation direction with regular and reversed con-

nection lines during RCA-CRRT is shown in Figures S3 and S4.

2.4 | Data collection

We collected the following demographic and clinical information during
CRRT treatment: mode of connection (regular or reversed), age, sex,
femoral vein site, blood flow, citrate flow, and primary diagnosis. Blood
sampling from the CVC line and that from the circuit line was synchro-
nously performed by two experienced researchers. Acid-base and elec-
trolyte parameters were determined using the COBAS b 123 system
(Roche Diagnostics, Basel, Switzerland). Potential adverse events such
as bleeding, citrate accumulation, hypocalcaemia, hypotension, and

catheter-related complications were recorded in each CRRT circuit.

2.5 | Statistical analysis

IBM SPSS Statistics for Windows, version 19 (IBM Corp., Armonk,

New York) was used for all statistical analyses. Normally distributed

TABLE 1 Baseline characteristics of the study participants
Characteristics Value
Filter count (n) 128
Connection type, n (%)
Regular connection 98 (76.6)
Reversed connection 30(23.4)
Sex, n (%)
Male 35(58.3)
Women 25 (41.7)
Age, mean (SD), y 55.8+13.35
Weight, mean (SD), kg 66.3(5.11)

Vascular access, n (%)
(56.7)
Left femoral vein (43.3)
Citrate dose, mean (SD), mmol/L 2.62(1.88)
APACHE II, mean (SD) 26.38(7.98)

Right femoral vein 34
26

Primary disease diagnosis (%)

Sepsis 18 (30.0)
Severe pancreatitis 16 (26.7)
Severe pneumonia 15 (25.0)
Others 11 (18.3)
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4 | DISCUSSION

In this prospective cohort study, we collected blood samples to monitor
acid-base and electrolyte parameters and their levels were compared
between samples from the circuit lines (at 0, 3, and 5 minutes) as con-
trols and those from the CVC line (at O minute) during the second hour
after CRRT initiation. We observed that in cases with regular connec-
tions, the acid-base and electrolyte parameters could be reliably moni-
tored through the circuit line during CRRT with RCA while maintaining
the normal functioning of the system. However, in cases with reversed
connections, it was inaccurate to monitor the systemic ionized calcium
concentration through the arterial sampling port in the circuit line dur-
ing RCA-CRRT despite the CRRT downtime (3 minutes or 5 minutes).
Citrate acts as an anticoagulant by chelating the ionized calcium in
the extracorporeal circuit and blocking the coagulation.® The presence
of citrate in the circuit line during CRRT treatment could affect the
accuracy of determining the levels of acid-base and electrolyte parame-

ters sampled from the circuit line. Since citrate concentration is
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associated with access recirculation, our study also set 3 minutes and
5 minutes as controls. During this period, CRRT switched to the
replacement state with only the blood pump running to decrease
the citrate concentration of the circuit line. Previous studies have
reported that access recirculation rate was below 5% with a correct
connection, but increased to 13% with a reversed connection, 3142122
Increased access recirculation due to reversed lines could impair dialysis
adequacy and test accuracy of blood samples from the circuit lines. Cit-
rate might chelate more calcium due to increased access recirculation
in reversed lines, leading to a lower calcium concentration in the blood
sampled from the circuit line than that from the CVC line.

Access recirculation might explain the discrepancy observed in the
present study between the ionized calcium levels in the CVC line and
those in the circuit line in reversed connections. Consistent with the
results of the present study, two case reports using blood sampling
from the circuit line during CRRT with RCA also showed an inevitable
influence of vascular access recirculation on ionized calcium levels.*%1?
Recirculation could lead to low calcium levels in the blood circulating in
the circuit. Thus, we do not recommend reversing the connection dur-
ing CRRT while using RCA as an anticoagulant. Moreover, caregivers
should be extremely careful in modifying the setting of the RCA proto-
col when calcium levels are measured from the circuit line.*”

In clinical practice, it is critical to monitor the acid-base and electro-
lyte parameters during CRRT.2® Nursing time is mostly devoted to blood
sampling and essential parameter monitoring during CRRT with RCA.2*
Reversing the catheter connection is frequently performed to decrease
the input pressures for various reasons. However, the accuracy of the
acid-base and electrolyte parameters in clinical practice with a reversed
connection mode should be noted. Blood sampling from patients' arterial
lines has been suggested instead of sampling from the circuit line to
avoid the effects of vascular access recirculation on the determination of
ionized calcium.?®> We suggest that blood can be sampled from the circuit
line in a regular connection and from patients' arterial or venous lines in

a reversed connection during CRRT with RCA.

4.1 | Limitations

Our study has several limitations. This study is a cohort study with a
small sample size limited to a single centre. This could weaken
the quality of evidence to some extent. Nevertheless, we designed
this prospective study based on the best interests of patients.
We included only the patients with femoral vein access, because it is the
most commonly used vein for CRRT catheter in our department due to
ease of operation and convenience in clinical practice. Since we did not
measure the access recirculation rate, the relationship between access

recirculation rate and calcium concentration requires further analysis.

5 | IMPLICATIONS FOR PRACTICE

Reversing the connection mode of dysfunctional dual-lumen CVCs is

frequently performed to attain sufficient blood flow rates in clinical
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practice. The inaccuracy of the ionized calcium concentration in blood
samples collected from a reversed connection mode should receive
due consideration. We suggest sampling from an arterial or venous
line rather than from the circuit line while using a reversed connection
during CRRT with RCA.

6 | CONCLUSIONS

The present study showed the high reliability of monitoring acid-base
and electrolyte parameters through the circuit line during CRRT with
RCA in case of a regular connection. However, in case of a reversed
connection, pre-filter ionized calcium concentrations determined
through the circuit lines could be lower than those determined through
traditional venous lines. We suggest performing blood sampling from
arterial or venous lines of patients rather than from the circuit lines in a
reversed connection during CRRT operation. Future studies are needed
to confirm the findings of the present study, particularly in different
CRRT protocols involving different anticoagulants and catheter types.
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