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Anticoagulation Strategies and Filter Life in COVID-19
Patients Receiving Continuous Renal
Replacement Therapy
A Single-Center Experience
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Because of the unprecedented increase in critically ill
patients with coronavirus disease 2019 (COVID-19),
capacity to provide continuous RRT (CRRT) for AKI
may quickly be overwhelmed (1). Exacerbating this
resource crunch is the hypercoagulability observed in
COVID-19 (2,3). Frequent CRRT circuit clotting leads
to blood loss and wastage of already overextended
resources, and need for troubleshooting increases
health care provider exposure to infected patients.

At our quaternary care academic institution, we
perform CRRT using a uniform protocol in five
intensive care units (ICUs). We do not use antico-
agulation routinely but add it (mostly heparin) as
needed. Additionally, for more than a decade, we
have used regional citrate anticoagulation (RCA) as
the default protocol in our surgical ICU. During the
COVID-19 pandemic, our hospital added ten more
ICUs. Systemic anticoagulation was available in all
16 ICUs, whereas RCA remained restricted to the
surgical ICU, albeit with less frequent postfilter
ionized calcium monitoring to reduce nurse expo-
sure to infected patients.

Herein,wedescribeourexperiencewith the lifeof502
CRRT circuits on different anticoagulation regimens in
80 patients with RT-PCR–confirmed COVID-19 who
received continuous venovenous hemodialysis
(NxStage System One) between March 5 and May 8,
2020 (Figure 1A). These circuits were categorized by
their anticoagulation regimen at the time of filter
stoppage: heparin (systemic unfractionated or low–mol
wt heparin [LMWH]), prefilter heparin, argatroban,
RCA (citrate), citrate plus heparin (when patients re-
ceived systemic heparin for medical indications), or no
anticoagulation (none).

Circuit clotting was our analysis end point. Circuit
life was the time (hours) from initiation of CRRT to
clotting or censoring. Circuits that functioned beyond
72hourswere censored at 72hours.Circuits terminated
for reasonsother than clottingwere censoredat the time
of termination.Wedetermined the associationbetween
circuit clotting and anticoagulation groups by Cox
regression in Stata 16 software.

Initial anticoagulation regimens for the 80 patients
were systemic heparin (n532), prefilter heparin (n58),
citrate (n53), argatroban (n52), citrate plus heparin
(n51), and none (n534). While 39 of the 80 patients
received the same anticoagulation (17 systemic hepa-
rin, fourprefilter, twoargatroban, and16none) forall of
their circuits, 41 patients were switched to different
anticoagulation regimens for subsequent circuits on the
basis of the treating nephrologist’s discretion.
Of the 502 circuits, 350 (70%) received anticoagula-

tion, and 152 (30%) did not. Among the circuits that
received anticoagulation, heparin was used in 265
(76%;191 systemic, 64prefilter, and tenLWMH), citrate
was used in 46 (13%; target postfilter ionized calcium
,0.35 mmol/L), and argatroban was used in 39 (11%).
Of the 46 citrate circuits, 25 (54%) received addi-
tional systemic heparin. For the purposes of this anal-
ysis, systemic heparin and LWMH were analyzed as
one group.
Clotting occurred in 203 (40%) circuits. Among 350

circuits with anticoagulation, 124 (35%) clotted, and
among 152 with no anticoagulation, 79 (52%) clotted.
Among circuits with anticoagulation, 13 (62%) with
citrate, 33 (52%) with prefilter heparin, 63 (31%) with
systemic heparin, ten (26%) with argatroban, and five
(19%) with citrate plus heparin clotted. Median
clotting-free survivalwas 21 hours (interquartile range,
48–7 hours) for no anticoagulation. For anticoagulated
circuits, clotting-free survivalwas 25 hours (interquartile
range, 57–10 hours) for prefilter heparin, 40 hours
(interquartile range, 63–10 hours) for citrate, 49 hours
(interquartile range, .72–14 hours) for systemic hepa-
rin, .72 hours (interquartile range, .72–40 hours) for
argatroban, and .72 (interquartile range, .72–43
hours) for citrate plus heparin (Figure 1B).
The hazard ratios for circuit clotting, independent of

patient age and sex,were 0.92 (95% confidence interval,
0.50 to 1.68) for citrate, 0.85 (95% confidence interval,
0.56 to 1.29) for prefilter heparin, 0.59 (95% confidence
interval, 0.44 to 0.80) for systemic heparin, 0.29 (95%
confidence interval, 0.15 to 0.56) for argatroban, and
0.21 (95% confidence interval, 0.08 to 0.54) for citrate
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plus heparin compared with no anticoagulation. Frailty
analysis revealed significant patient heterogeneity, suggest-
ing that other patient-level characteristics were associated
with filter clotting.
Our findings are notable for several reasons. First, circuits

with no anticoagulation performed below expectation. Data
on filter patency using the NxStage system without anti-
coagulation are sparse; one study found 96.7% filter patency
at 9 hours (4), and another documented an average filter life
of 54.2 hours in a cohort in which nearly 90% of the circuits
were run without anticoagulation (5). In contrast, .30% of
filters in our study had clotted by 9 hours, and median filter
life was only 21 hours. As such, treating teams may wish to
empirically anticoagulate circuits to mitigate potential filter
clotting. Second, citrate anticoagulation was not overtly
effective. This contrasts with published data and our own

experience over the last decade of citrate use. However, of
the seven patients who were ever on citrate, four had
circuit clotting on initial anticoagulationmodality prior to
being switched to citrate, and two had known episodes of
thromboembolism during their hospital course. We spec-
ulate that aside from this possible selection bias, slightly
reduced frequency of postfilter ionized calcium monitor-
ingandotherpatient-level confoundersmayhave affected
citrate efficacy. Third, although argatroban and citrate
plus heparin cannot be unequivocally recommended for
routine use without further studies on safety and efficacy
in this population, it is notable that these regimens
performed extremely well, even though they were mostly
used as escalation therapy in high-risk patients who had
already developed thromboembolism necessitating sys-
temic anticoagulation.

A Baseline characteristics at first CRRT

Age (years), Median (IQR)

Males, N (%)

On mechanical ventilation, N (%)

Requiring vasopressor, N (%)

Thromboembolic episode, N (%)

SOFA score, Median (IQR)

Mortality, N (%)

67 (59, 75)

57 (71)

77 (96)

64 (80)

20 (25)

13 (11, 14)

43 (54)
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Figure 1. | Baseline characteristics of the study population andCRRTcircuit survival. (A) Baseline characteristics at the start of continuous RRT
(CRRT)and in-hospitalmortality rate. (B)Kaplan–Meierestimatedprobabilityof continuousvenovenoushemodialysis (CVVHD)circuit clotting-
free survival on the basis of different anticoagulation regimens. IQR, interquartile range; SOFA, sequential organ failure assessment score.
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Our report is limited by the studydesign, sample size, and
patient-level heterogeneity. Further studies to elucidate
these patient-level characteristics in circuit clotting are
ongoing. Nevertheless, we believe that this first report of
CRRT circuit life in the highly thrombophilic cohort of
patients with COVID-19will help physicians plan resources
during this public health emergency.
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