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Abstract
Background: Continuous renal replacement therapy in the
treatment of patients with active COVID-19 is frequently
complicated by thrombosis in the extracorporeal circuit
resulting in reduced filter lifespan, necessitating a revisited
anticoagulation strategy.
Methods: The standard regional citrate anticoagulation dose
of 2.2 mmol/l was increased to a starting dose of 3.0 mmol/l
and routine thrombosis prophylaxis with low-molecular-weight
heparin was adjusted from a single dose of nadroparin 2850
IU to 5700 IU twice daily. In a non-randomised cohort study,
the efficacy of high-dose anticoagulation was compared with a
control group with standard anticoagulation.
Results: Eleven COVID-19 patients requiring continuous
renal replacement therapy were included, 42 filter sets in the
control group and 37 filter sets in the high-dose anticoagulation
group. The median filter lifespan was 48 hours in the high-dose
anticoagulation compared with 18 hours in the control group
(p<0.001). No significant effect on ionised calcium levels was
observed in the high-dose group.
Conclusion: The combination of high-dose regional citrate
anticoagulation and increased-dose LMWH appears to prolong
filter lifespan in patients with COVID-19.
Introduction
While respiratory failure is central to the COVID-19 syndrome,
renal impairment is a common complication with an estimated
20% of critically ill COVID-19 patients requiring renal
replacement therapy.[1,2] Moreover, severe COVID-19 syndrome
is frequently complicated with coagulopathy.[3,4] Although the
pathophysiology is incompletely understood, a predominantly
procoagulant pattern is observed with a combination of
hypercoagulable state[5,6] and reduced fibrinolysis[7] and leads

to a high cumulative incidence of thrombotic complications in
critically ill COVID-19 patients.[8-10] The presumed coagulation
abnormalities have also been associated with short continuous
renal replacement therapy (CRRT) filter survival times due to
frequent circuit thrombosis.[5,11,12] The overwhelming number
of COVID-19 patients in combination with diminished CRRT
circuit lifespan would not only have quickly led to shortages in
materials but also to loss of red blood volume and inadequate
CRRT. Regional citrate anticoagulation (RCA) can lengthen
filter life and is associated with fewer bleeding complications
than systemic heparin and is the standard anticoagulation
modality in our centre.[13] In view of the frequent thrombotic
complications and reduced CRRT filter life, the regional
citrate and low-molecular-weight heparin (LMWH) dose
were increased aiming to increase CRRT filter lifespan. In this
observation cohort study, we report the median CRRT filter
lifespan of the period before and after introduction of high-dose
anticoagulation.
Methods
Study design and population
A single-centre cohort study was performed at the intensive
care unit (ICU) of a large teaching hospital where approximately
2500 ICU patients are admitted on a yearly basis. Approval from
the local Medical Ethics Committee was obtained with a waiver
for patient informed consent due to the observational nature
of the study (MEC-U; Research and Development Department
St. Antonius Hospital, trial number w20.164). Data were
collected retrospectively. Patients were eligible when CRRT
was initiated in a predefined period of two weeks before and
after 6 April, the date the new anticoagulation protocol was
introduced. Data were collected for the complete consecutive
period of renal replacement therapy for each patient. Filter
circuits were individually allocated to the control group or
high-dose anticoagulation group, based on the anticoagulation
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Table 1. Overview of the anticoagulation methods of the control
group and high-dose anticoagulation group, supporting CRRT in
COVID-19 patients

Table 2. Main results on CRRT filter lifespan and systemic effects of
anticoagulation in COVID-19 patients comparing the anticoagulation
methods as described in table 1

Control group

High-dose group

Control group

High-dose group

P value

Heparin priming

None

5000 IU/l

Hours of CRRT

985.5

1627.5

NA

Regional citrate pre-filter

2.2-3 mmol/l

3-3.5 mmol/l

Filter sets

42

37

NA

LMWH

1dd 2850 IU

2dd 5700 IU

Median filter lifespan,
hours (IQR)

18 (20.3)

48 (44.5)

<0.001*

Serum calcium,
mmol/l (IQR)

1.14 (0.10)

1.10 (0.09)

0,14

LMWH = low-molecular-weight heparin

used during the filter lifespan. Inclusion criteria were age over
18, active COVID-19 infection confirmed by PCR and renal
failure requiring CRRT. Patients were excluded when CRRT was
stopped within 72 hours for any reason or in case of indications
for systemic anticoagulation at a therapeutic dosage other than
COVID-19.
Anticoagulation
All patients were treated on a Baxter Prismaflex machine by
use of the continuous venovenous haemofiltration (CVVH)
modality and Baxter ST150 filters. Blood flow was set at 180
ml/min and ultra-filtrate rate at 2320 ml/h or 2620 ml/h for
a patient weight of more than 90 kg with substitution flow at
1000 and 1300 ml/h, respectively. As post-dilution replacement
solution Phoxillium, containing calcium, magnesium, sodium
chloride, potassium, phosphate and bicarbonate, was used
for all patients. The standard anticoagulation regime for
CRRT consisted of RCA using a starting dose of 2.2 mmol/l
administered pre-filter, which could be raised to a maximum
of 3.0 mmol/l in case of recurrent circuit failure. This was
supplemented by routine thrombosis prophylaxis with a single
dose of LMWH, nadroparin, 2850 IU. In the control group, no
unfractionated heparin was added to the priming solution.
The COVID-19 high-dose anticoagulation regime consisted of
an increased RCA starting dose of 3.0 mmol/l, up to a maximum
of 3.5 mmol/l. Routine thrombosis prophylaxis was increased to
nadroparin 5700 IU twice daily.[14] A flowchart was introduced
that allowed intensive care personnel to manage high filter
pressure levels. In case of high filter pressure gradients, the
blood flow was reduced to 150 ml/min. In the event of transmembrane pressures exceeding 200 mmHg, the post-dilution
replacement fluid rate was decreased by 50%, while blood
flow was increased in order to meet the Kidney Disease:
Improving Global Outcomes (KDIGO) 2012 guideline criterion
of 25 ml/kg/h. See table 1 for on overview of the anticoagulation
methods.
Outcome
As primary outcome, the filter lifespan time was compared
between the control and high-dose group. Additionally, the
filter lifespan was compared with a historical group of non-
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pCO2, kPa (IQR)

7.28 (2.33)

6.70 (3.26)

0.02

Bicarbonate,
mmol/l (SD)

26.1 (3.1)

28.4 (3.7)

<0.001*

pH (SD)

7.30 (0.09)

7.36 (0.10)

0.03

CRRT = continuous renal replacement therapy;
*indicates statistical significance

COVID patients on CRRT in 2018. As secondary outcome, the
systemic effects on serum ionised calcium, bicarbonate, pCO2
and pH were evaluated based on arterial blood gas analysis. The
final outcome was the occurrence of bleeding complications
based on reported observations of blood loss by the nursing
staff or reports of an unexplained fall of serum haemoglobin in
the medical records.
Statistical analysis
Data were analysed using SPSS statistics v23. The Shapiro-Wilk
test was applied to test for a normal distribution. Continuous
data were described as mean and standard deviation (SD)
while the median and interquartile range (IQR) were provided
if the distribution was skewed. As subgroup analysis, filter
lifespan was compared in the patients receiving low-dose and
subsequently high-dose anticoagulation in the course of their
renal replacement therapy. Data on filter lifespan and blood gas
analysis were considered as repeated measures and therefore
dependent. To account for the asymmetry in number of
observations per patient on low- and high-dose anticoagulation,
a linear mixed model was set up to test significance of the effect
of anticoagulation. The model was built step by step with the
aim of minimising the model fitting error (-2LL) with the lowest
number of degrees of freedom required. Anticoagulation was
used as fixed effect as dichotomous variable in addition to
a patient level random effect. Covariance structure was set
at compound symmetry. More complexity was added to the
model by changing the covariance structure to AR1, which
presumes higher correlation between adjacent measurements,
and adding a random intercept. These extra degrees of freedom
did not lead to improved performance of the model and were
therefore omitted in the final model. Significance threshold was
set to 0.01 for all statistical tests in order to correct for multiple
comparisons according to the Bonferroni correction method.[15]
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The results on filter lifespan, pCO2 and calcium levels showed
a non-normal distribution. The median filter lifespan was 18
hours (IQR 20.3) for the control group compared with 48.0
hours (IQR 44.5) in the high-dose group (p<0.001) (figure 1).
Bicarbonate levels were higher in the high-dose anticoagulation
group, 28.4 compared with 26.1 mmol/l (p<0.001), while the
median pCO2 levels were comparable, resulting in a mean pH of
7.36 in the high-dose group compared with 7.30 (control), which
was not significant (p=0.03). The serum ionised calcium levels
were slightly lower in the high-dose group: 1.14 compared with
1.10 mmol/l (p=0.14). When considering only the five patients
who received both low- and high-dose anticoagulation, totalling
55 filter runs, median filter lifespan was 12.5 hours (IQR 22)
in the control group and 48 hours (IQR 42.5) in the high-dose
group (p=0.001). Two bleeding events were observed in the
high-dose group and none in the control group; one patient
with a known bladder malignancy developed haematuria while
on high-dose anticoagulation and in another patient oral blood
loss was noted.
Discussion
The main finding of this report is that a combination of increased
regional citrate and LMWH dose resulted in a significant
increase of median filter lifespan time in ICU COVID-19
patients on CRRT.
The CRRT filter life in the group with routine RCA and
thrombosis prophylaxis dose was considerably lower (mean
23.4 hours) than our historical mean filter lifespan in ICU
patients at our institution in 2018: 33.6 hours. Recent studies
on anticoagulation strategies report similar filter lifetimes
for standard dose RCA for CRRT in COVID-19 patients.[12,16]
These observations support that COVID-19 patients are prone
to CRRT circuit thrombosis. In the high-dose group of our study,
the resulting median filter lifespan of 48 hours exceeds previous
results on anticoagulation by RCA combined with systemic
heparin or therapeutic LMWH.[12,16] This could be related to

a difference in case-mix since our baseline filter survival was
higher. Alternatively, this could be related to the higher RCA
dose used in our study.
The main disadvantages of increased RCA are risk of citrate
accumulation and the need for more complex protocols.[17] RCA
results in metabolic acidosis when clearance is diminished,
or metabolic alkalosis when citrate clearance is optimal.[18]
Consistently elevated bicarbonate levels were observed in the
high-dose group. Because of concurrent elevated pCO2 levels,
this led on average to normalisation of the extracellular acidbase balance and to mild alkalosis on occasions. Additionally,
citrate accumulation can lead to low ionised calcium. The
observed level of serum ionised calcium was marginally lower
in the high-dose anticoagulation group and did not reach
statistical significance. Moreover, the median ionised calcium
was above the lower target level that is generally considered safe
and had a small range (IQR 0.09 mmol/l).[17]
Therapeutic dose,[19] but also intermediate dose LMHW,[20]
have previously been reported to lead to more bleeding in
critically ill COVID patients.[21] In our ICU-CRRT data we
observed haemorrhage in two cases in the high-dose group
and no bleeding events in the control group. While the small
number of patients did not allow to confirm the causality of this
observation, this finding warrants caution and a larger series
will be needed to evaluate safety of high-dose anticoagulation.
Based on an incidence of two bleeding complications in 37
CRRT filter lifetimes, a power of 0.80 and an alpha error of 0.05,
a sample size of 300 filter runs would be required.[22]
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Results
Nineteen patients requiring CRRT were eligible for inclusion, six
patients were excluded since CRRT was stopped <72 hours and
two because of an indication for therapeutic anticoagulation.
Eleven ICU patients were included in the analysis. The mean
age of these patients was 68 years and mortality was 45%;
see table 2 for the main results. The total duration of CRRT
therapy amounted to 2613 hours, the individual length of CRRT
ranging from 4 to 29 days. Two patients received low-dose
anticoagulation, four patients high-dose anticoagulation while
five patients received both regimes over the course of their renal
replacement therapy. In total 79 filter sets were used, 42 filter
sets were allocated to the control group and 37 filter sets to the
high-dose group.
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Figure 1. Boxplot of the CRRT filter lifespan showing the control
group on the left and high-dose group on the right. The box
represents the IQR (p25 - p75) with the line marking the median
lifespan. The dashed line indicates the historic mean at our institution
of CRRT filter lifespan of non-COVID-19 patients in the year 2018.
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The main limitations of this study were the small number of
patients and the non-blinded and non-randomised design. It
is conceivable that differences in baseline characteristics, for
instance platelet count[23] or use of vasopressors,[24] can act as
confounders. While the small number of patients did not allow
for adjustment of possible confounders, a subset analysis of five
patients receiving both anticoagulation regimes showed similar
outcomes. No conclusions can be drawn on the contribution of
the individual anticoagulant measures on extending the filter
lifespan but our results confirm previous findings reported
by others.[11,12] A follow-up study, comparing the individual
components in different groups would be required to quantify
their effect. However, by sharing these early experiences, we aim
to support the effective application of CRRT in ICUs during the
COVID-19 pandemic.

Conclusion
Renal replacement therapy in COVID-19 patients is frequently
complicated by thrombotic failure of the CRRT circuit resulting
in reduced filter lifespan. The combination of increased regional
citrate and LMWH dose appears to prolong filter lifespan in
patients with COVID-19 while preserving systemic acid-base
balance.
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