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Abstract Recent years has seen an increasing use of
regional citrate anticoagulation in pediatric dialysis. Several
approaches have been described for monitoring anticoagu-
lation in the extracorporeal circuit, such as serum citrate
levels, post-filter ionized calcium (iCa), and activated
coagulation time (ACT). However, no standard recom-
mendations have yet been established for applying any of
these parameters, especially for iCa. The objective of this
retrospective analysis was to establish adequate coagulation
management using post-filter iCa values. Normal values for
ACTester-based ACT were established using a group of 64
children who were divided into two subgroups, with one
subgroup comprising children without chronic kidney
disease or coagulation disorder (age 1.2—17.5 years, median
9.7 years) and one consisting of 32 uremic patients (age
0.6—17.5 years, median 13.7 years). In a second group of 13
patients (aged 7-17 years), all of whom were undergoing
high-flux dialysis (HD) with regional citrate anticoagulation
(RCA), we assessed 73 post-filter blood samples for ionized
calcium and ACT. A receiver operating characteristic graph
was used to identify the iCa threshold needed to achieve
adequate anticoagulation. Normal values for ACT were 90 s
[2 standard deviations (SD) 72—109] in healthy children and
94 s (2 SD 75-113) in the uremic children. There was no
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statistically significant difference between the groups. In
the children undergoing HD with RCA, the post-filter iCa
level correlated with ACT (r=—0.94, p<0.001). A post-
filter iCa level of <0.30 mmol/l reliably predicted an ACT
>120 s. Our citrate protocol [citrate 3% rate (ml/h)=~blood
flow rate (ml/min) % 2] meets the established criteria with
a high sensitivity. Based on these results, we conclude
that the post-filter iCa level can be reliably used for the
management of extracorporeal anticoagulation with citrate
in pediatric HD. We recommend the application of our
citrate prescription protocol in the setting of pediatric
intermittent hemodialysis.
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Abbreviations

ACD  Anticoagulant citrate dextrose

ACT  Activated coagulation time

CRRT Continuous renal replacement therapy

iCa Ionized calcium

iHD Intermittent hemodialysis

PTT Partial thromboplastin time
RCA  Regional citrate anticoagulation
Introduction

First described by Morita in 1961 [1], regional citrate
anticoagulation (RCA) has been used for more than two
decades, mainly in continuous renal replacement therapy
(CRRT) in patients with a high bleeding risk [2, 3]. Several
studies in adults and a number in the pediatric age group
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have validated the safety and efficacy of this protocol [2-9].
Citrate was used as an anticoagulant in up to 56% of CRRT
sessions performed at the North American centers partici-
pating in the Prospective Pediatric Continuous Renal
Replacement Therapy Registry [10].

Protocols for monitoring an adequate extracorporeal
anticoagulation in RCA have been reported, with activated
coagulation time (ACT) and post-filter ionized calcium (iCa)
level being the most commonly used parameters [2-9].
Standard values for ACT in children are non-existent, and
recommendations for ACT in pediatric hemodialysis are
mostly empiric and heavily dependent on the method and
equipment used [e.g. >120 s for the ACTester (Quest
Medical, Allen, TX) and >170 s for the Hemochron
(International Technidyne, Edison, NJ)] [11]. If the post-
filter iCa is used for coagulation monitoring, the target value
varies between <0.50 and <0.25 mmol/l depending on the
particular study [1-9]. Although studies in vitro have
demonstrated the association of iCa levels and coagulation
time [12, 13], to the best of our knowledge no precise target
value based on the anticoagulation measurement of post-
filter iCa has been established.

The primary aims of this retrospective analysis were to
evaluate the association of post-filter iCa and ACT to
provide adequate monitoring of extracorporeal anticoagu-
lation in intermittent high-flux hemodialysis in children and
adolescents and also to review our citrate dose protocol. In
addition, we wanted to identify a post-filter iCa threshold
below which adequate anticoagulation is achieved.

Patients and methods

Two groups of patients were analyzed in this study: (1) 64
patients subdivided into uremic and non-uremic children
were evaluated to establish standard values for the
ACTester-based ACT; (2) 13 patients who received inter-
mittent hemodialysis (iHD) with RCA were assessed for
anticoagulation management by means of a data analysis.
In the non-uremic subgroup, we analyzed the coagula-
tion parameters of 32 patients from our pediatric nephrol-

ogy out-patient facility as part of the normal screening
program, such as patients with hematuria. Thirty-two
patients at chronic kidney disease (CKD) stadium V who
had coagulation screening as part of the preparation for
kidney transplantation were placed into a “uremic” sub-
group. The demographic and coagulation data are shown in
Table 1.

Intermittent high-flux hemodialysis with RCA was
performed in 13 patients. All patients had an increased risk
of hemorrhagic complications or overt bleeding and
therefore received RCA. Six patients had developed from
end-stage renal disease and seven suffered from acute
dialysis-dependent kidney injury. Of these 13 patients, six
were dialyzed within an intensive care setting. Patient data
are given in Table 2.

In the first group of patients we retrospectively compiled
demographic data and coagulation parameters, including
ACT, by review of the patients’ records. For the ACT mea-
surement, we used the ACTester system with diatomeenpelit
(diatomaceous earth, amorphous silcium dioxide) tubes.

The dialysis modalities in the second group of patients
were as follows. The AK 200 (Gambro, Planegg-Martinsried,
Germany) pediatric hemodialysis system was used with
polysulfone high-flux filters (Fx40 or Fx60, depending on
body-weight; Fresenius, Bad Homburg, Germany). The blood
flow rate was 3—5 ml/kg/min but did not exceed 200 ml/min.
The ACD-A solution (3% citrate; Baxter Deutschland,
Unterschleissheim, Germany) was placed on an external
IV-pump and connected to the former ‘heparin line’ of the
dialysis circuit. Calcium gluconate 10% (B. Braun AG,
Melsungen, Germany) was placed on an IV-pump and
connected through a three-way stop cock to the ‘venous’ line
of dialysis catheter or shunt needle. A calcium-free concen-
trate (SK-F 219-0; Fresenius) was used to generate the
dialysis fluid. The initial ACD-A infusion rate was set at
3.3% of'the blood flow rate, simplified by the equation: citrate
3% rate (ml/h)=blood flow rate (ml/min) x 2.

The calcium solution was started at initiation of
RCA at 0.4% of the blood flow rate, simplified by the
equation: calcium gluconate 10% rate (ml/h) = blood flow
rate (ml/min)/4.

Table 1 Demographics and coagulation parameters of 32 children without and 32 children with azotemia used for estimation of activated

coagulation time (ACT) reference values

Group
range in parenthesis)

Age, years (median, with Urea (mmol/l) GFR® (ml/min/ 1.73m?) INR

PTT (s) Platelets (/nl) Ionized calcium (mmol/l)

Healthy 9.7 (1.2-17.5)
13.7 (0.6-17.5)

4.4+1.1 114+13

Uremic 27.6+8.0 9+3

0.98+0.14 36.4+3.5 340+100
0.96+0.18 32.8+3.0 240+90

1.17+0.09
1.22+0.09

GFR, Glomerular filtration rate; INR, international normalized ratio; PTT, partial thromboplastin time

#GFR was calculated using the Schwartz formula [29]
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Table 2 Demographics and coagulation parameters of 13 children with regional citrate anticoagulation (RCA)

Age (years) Sex BSA (m?) Platelets (/nl) INR PTT (s)

14 (7-17) 5 females, 1.51 (0.76-2.02) 363 (41-417) 0.98 (0.76-2.04) 33 (27-53)
8 males

All values with the exception of those for sex are given as the median with the range in parenthesis

BSA, Body surface area

The citrate flow was adjusted to maintain post-filter iCa
at <0.30 mmol/l. Citrate administration was not adjusted
by means of the ACT measured during the treatment. The
calcium gluconate substitution was adjusted to maintain
the patient’s iCa within the physiological range (1.00—
1.30 mmol/l). In addition to monitoring electrolytes and the
acid-base balance, we drew 73 post-filter blood samples
during the dialysis sessions and analyzed these simulta-
neously for iCa (ABL blood gas analyzer; Radiometer,
Willich, Germany) and ACT (ACTester).

To analyze the data, we retrospectively calculated pre-
filter serum citrate levels using the blood flow rate, citrate
flow rate, ACD-A citrate concentration (112.9 mmol/l), and
the patient’s hematocrit. Statistical analysis was performed
using SPSS ver. 16.0 (SPSS, Chicago, IL). Normal
distribution was tested using the Kolmogorov—Smirnov
test. Normally distributed data are reported as the mean +
standard deviation (SD). To test for significant differences,
we used the 7 test for normal distributed data; in all other
cases, the Mann-Whitney—U test was used. For non-linear
correlations, we used the Spearman coefficient of correla-
tion; for linear correlations, the Pearson’s coefficient was
used. Non-linear regression analysis was used to validate
three predictive mathematical models. We used a receiver
operating characteristic graph (ROC) to determine a post-
filter iCa cut-off level for adequate anticoagulation. A pair
of variates was considered positive if the ACT was >120 s.
The level of significance was set at p<0.05.

Results

The mean ACT measured in uremic (healthy) and non-
uremic patients was 90 and 94 s, respectively; the two
standard deviations of the mean representing normal values
were 72—109 and 75-113 s, respectively. The ACTs of the
uremic and non-uremic patients were not significantly
different. At our center, the empirical ACT range consid-
ered to be necessary for hemodialysis had been targeted at
120-180 s. As expected, this ACT target range was found
to be significantly beyond the normal range as reported
above (p<0.001).

We found a significant correlation between the post-filter
iCa level and the post-filter ACT, with a correlation

coefficient of —0.94 (p<0.001). Three mathematical models
were generated with the goal of estimating the ACT from
the post-filter iCa level. Non-linear regression analysis
showed that the best predictive value was an S-graph
function, with an R* of 0.89 (p<0.001). The model’s
equation is as follows:

ACT = *18+(022/iC) (ACT in seconds, iCa in mmol /1)

Observed data and the graphs of the three mathematical
models are given in Fig. 1.

Based on the correlation of iCa level with ACT, we used
a ROC graph (Fig. 2) to calculate the post-filter iCa
threshold below which the predicted ACT would reliably be
>120 s. A minimal type I error of 0% was found with a
post-filter iCa of <0.30 mmol/l; accordingly, a post-filter
iCa <0.30 mmol/l was considered to be 100% reliable in
predicting an ACT >120 s. With this post-filter iCa level,
the type II error was 5.6%. Hence, in about 6% of cases, an
ACT >120 s was achieved at iCa levels >0.30 mmol/L.

Using our citrate dosing protocol we retrospectively
calculated a pre-filter plasma citrate concentration of 4.2—
7.2 mmol/l with a median of 5.2 mmol/l. We found that the

4007 1o r=-0.94 (p < 0.001)
[
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Fig. 1 Relationship of post-filter activated coagulation time (ACT)
and ionized calcium levels (iCa). Observed data (open circles) of 13
patients (73 paired measurements) and graphs of three mathematical
models established to estimate ACT from the iCA level. Solid line S-
graph, dotted line inverse function, broken line exponential function
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Fig. 2 Receiver operator characteristic (ROC) graph denoting an ACT
>120 s as the “positive value”; based on the data of Fig. 1

calculated pre-filter serum citrate levels were correlated
with the post-filter iCa level (r=—0.68; p<0.001).

Using our citrate prescription protocol [citrate 3% rate
(ml/h)=blood flow rate (ml/min) x 2], we calculated that
68/73 of the dialysis sessions (93%) started with a post-
filter iCa <0.30 mmol/l, thereby meeting the criteria
described above. In those patients who started with a
post-filter iCa <0.30 mmol/l, the citrate to blood flow ratio
did not need to be altered during 57/68 dialysis sessions
(78%). Overall, ten of our 13 patients had no alterations of
the citrate to blood flow ratio while on dialysis and between
dialysis sessions.

In none of the extracorporeal circuits was relevant clot
formation found after the dialysis session.

Discussion

Introduced by Hattersley in 1966 [14], the activated
coagulation time is an inexpensive, rapid, and easily
performable bedside whole blood test for monitoring
anticoagulation characterized by repeatable results. The
ACT is currently a standard procedure for monitoring
anticoagulation in extracorporeal circuits, such as in clinical
settings of cardiopulmonary bypass, hemodialysis, and
apheresis treatment, and during surgical and interventional
procedures requiring anticoagulative treatment, including
cardiac and vascular surgery [15-17]. The ACT has also
been advocated as a routine preoperative screening test for
detecting coagulation disorders [18, 19]. As a whole blood
coagulation test, the ACT is affected by different anti-
coagulants and therefore can be used for monitoring the
effects of unfractionated heparin, nafamostat, aprotinin,
citrate, and hirudin [20]. It is also affected by certain
congenital disorders of coagulation, warfarin, and liver
failure [18, 21, 22].

@ Springer

Definitive recommendations for ACTs to achieve ade-
quate anticoagulation are difficult to put into practice due to
the manifold techniques (and equipment) used for making
the measurement. As such, caution is recommended, and
times relative to reference or baseline (pre-dialysis) ACT
values are safer to use. In general, times of 1.4- to 2.3-fold the
baseline ACT can be considered sufficient for anticoagulation
[11, 20]. The lower the blood flow rate, the longer the ACT
should be. ACT has been shown to correlate with the
duration of dialyzer survival in CRRT [23].

To the best of our knowledge, no reference values for
ACTester-based ACT measurements have been described
for the pediatric population in the literature. Using our
analysis protocol, we determined the normal range of ACT
measured by the ACTester in 64 children and found this
range to be shorter than normal ranges reported in the
literature using other ACT measuring methods ([e.g. 81—
133 s [11, 18] or 96-152 s (Hemochron)]. This is easily
explained by the different functional principles of ACT
measurement and associated varying norm values and, in
turn, may also explain the different recommendations for
anticoagulation targets found in the literature [11, 20, 24].

Although, the influence of uremia on a patient’s
coagulation status has been known about since the 18th
century and has been described as bleeding complications
in adult chronic hemodialysis patients [25], we found no
statistically significant difference between ACT reference
values in uremic and non-uremic children and adolescents.

Citrate decreases the free (ionized) serum calcium by
forming chelate complexes [1, 8, 9]. Thus, calcium is not
available for activation of the tenase complex and the
prothrombinase complex of the coagulation cascade [20].
Fibrin generation is thereby inhibited. Citrate also inhibits
platelet aggregation. Nuthall et al. found a linear relation-
ship between iCa and serum citrate levels in an animal
model of RCA in continuous venovenous hemofiltration
[26]. Bakker et al. found a hyperbolic relationship between
iCa and measured serum citrate levels in ten adult patients
with RCA [27]. They also found that a serum citrate level
of 4 mmol/l (3—5 mmol/l) was needed to achieve an iCa
<0.40 mmol/l. This result corresponds with our findings.
Admittedly, our citrate levels were retrospectively calculated
and therefore have to be interpreted with caution.

The work of Ataullakhanov et al. (1994), which is often
cited in publications dealing with RCA-anticoagulation,
occurred at an iCa <0.5 mmol/l [12]. In our opinion, these
findings are out of date. Our own data and the findings of
Calatzis et al. show that a much lower iCa is necessary for a
prolongation of ACT [13]. Our findings are supported by
the work of Opatrny et al. [28]. Their protocol targeted a
post-filter iCa at <0.40 mmol/l, but the range actually
achieved was 0.35-0.82 mmol/l. At these iCa levels, they
found no prolongation of post-filter ACT. The data of



Pediatr Nephrol (2010) 25:1305-1310

1309

Calatzis et al. show an onset of ACT prolongation at iCa
levels <0.32 mmol/l [13]. Calcium-dependent anticoagula-
tion seems to work with an "on—off" principle below a
certain iCa blood level (Fig. 1). A receiver—operator
characteristic graph calculated from our data showed that
a post-filter iCa <0.30 mmol/l is needed to reliably achieve
a post-filter ACT >120 s. In accordance with the published
results of Calatzis et al. [13], we found a hyperbolic
relationship between post-filter coagulation time and post-
filter iCa, with a high correlation between both parameters.
We therefore recommend keeping the post-filter iCa
<0.30 mmol/l for adequate anticoagulation in regional
citrate anticoagulation, as supported by the recommenda-
tions of Ward and Davenport [11, 20]. In our experience the
post-filter iCa is a suitable parameter for monitoring anti-
coagulation of the extracorporeal circuit in RCA in iHD.

Our citrate dosing protocol [citrate flow (ml/h) = blood
flow (ml/min) x 2] achieved, at a high percentage, the
targets established in this analysis. In the majority of
patients and dialysis sessions no adaption of the citrate
prescription was necessary during dialysis. Comparable
data using the same thresholds are not yet available. We
recommend our RCA dosing protocol for pediatric iHD
because of its striking simplicity and its reliability in terms
of the objectives described above.

Conclusions

Both ACT and post-filter iCA levels can be used for the
management of extracorporeal anticoagulation with citrate
in high-flux dialysis of children and adolescents. To achieve
adequate anticoagulation, we recommend that a post-filter
iCa level of <0.30 mmol/l should be targeted as it reliably
corresponds to ACT >120 s. Our citrate prescription protocol
meets these criteria with high sensitivity and therefore is
recommended for pediatric iHD in patients with an increased
risk of hemorrhagic complications.
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