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S
evere acute respiratory coro-
navirus 2 (SARS-CoV2) and

the resulting acute respiratory
distress syndrome (coronavirus
disease 2019 [COVID-19]) is respon-
sible for a worldwide pandemic,
with more than 10 million cases re-
ported as of June 28, 2020.S1

Although severe disease requiring
hospitalization is characterized by
pneumonia and respiratory failure,
a significant proportion also
develop acute kidney injury.
Within critical care admissions
with COVID-19, 16% to 35% are
reported as requiring renal
replacement therapy (RRT).1–3,S2,S3

There is increasing recognition of
an associated coagulopathy in hos-
pitalized patients characterized by
a prothrombotic state and
increased venous thromboembo-
lism. This brief review presents
the current understanding of the
coagulopathy associated with
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COVID-19, the risk of venous
thrombosis, and the impact of
this on management of RRT in crit-
ically ill patients with COVID-19.

Hypercoagulability Associated

With COVID-19 Infection

The complex relationship between
coagulation and inflammation is
well described and termed “throm-
boinflammation.”S4 COVID-19
pneumonia is associated with pro-
nounced changes in coagulation,
with degree of coagulopathy corre-
lating with disease severity.S5,S6

There are multiple reports of mark-
edly elevated D-dimer, fibrinogen,
Factor VIII, and von Willebrand
factor in patients hospitalized with
COVID-19.2,S6,S7,S8 Progressive in-
crease in D-dimer and fibrinogen
over time are associated with inten-
sive care unit (ICU) admission and
mortality.S5,S6 Changes in coagula-
tion markers associated with
COVID-19 are presented in
Table 1.2,S2,S3,S5–S9 Early reports of
disseminated intravascular coagula-
tion have not been confirmed in
subsequent case series.S5 Although
these findings are presented as
novel, one center compared
1377
laboratory parameters with a his-
toric cohort with non–COVID-19
acute respiratory distress syndrome
and found D-dimer was lower,
fibrinogen higher, and antithrombin
preserved in those with COVID-19.2

Viscoelastic testing further confirms
hypercoagulability in small cohorts
of patients with COVID-19 admitted
to ICUs.S8–S10 Additional markers of
endothelial activation (soluble P-
selectin and soluble thrombomodu-
lin) also have been reported as
increased in those with critical
illness compared with those
receiving ward-based care.S11 The
underlying pathophysiological
mechanisms remain unknown. Some
suggest it is simply a consequence of
acute respiratory distress syndrome,
coined “pulmonary-induced coa-
gulopathy” and others an “endo-
theliopathy” as a direct consequence
of virus cell entry rather than a
more systemic response to cytokine
storm.4,S5,S12 Virus entry follows
adhesion to the angiotensin-
converting enzyme 2 receptor on
endothelial cells, and subsequent
viral replication leads to inflamma-
tory cell infiltrate, apoptosis, and
microvascular hypercoagulability,
with recent autopsy reports con-
firming viral inclusions within
endothelial cells.S13

Incidence of Thrombosis

in COVID-19

There are an increasing number of
case series reporting increased
rates of venous thromboembolic
events (VTE), particularly in those
with critical illness and in centers
using screening for VTE. The first
report from China was of 81 pa-
tients admitted to ICU with 4%
mortality rate and 85% discharged
at the time of reporting.S14 Deep
vein thrombosis was reported in
25%. No thromboprophylaxis was
used, and the criteria for imaging
were not reported. Subsequent
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Table 1. Coagulation markers in
coronavirus disease 2019 (COVID-19)
Coagulation
marker

Values in
COVID-19

Platelet countS2,S3,S6,S8 Normal–mildly Y

Prothrombin timeS6,S8 Normal–mildly [

Fibrinogen2,S5–S9 Normal–markedly [

D-dimer2,S2,S3,S5–S9 Normal–markedly [

Factor V2 Mildly [

Factor VIII2,S5,S7,S8 Normal–markedly [

Von Willebrand antigen2,S7,S8 Normal–markedly [

Von Willebrand activity2,S7,S8 Normal–markedly [

ADAMTS-13S7 Normal–mildly Y

Soluble P-selectinS11 Normal–[

Soluble thrombomodulinS11 Normal–[

AntithrombinS8,S9 Normal–mildly Y

Protein CS8 Normal–mildly [

Protein S antigenS8 Normal–Y

[, increased; Y, decreased.
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case series in Europe and the
United States, where thrombopro-
phylaxis is routinely used, have
reported an increased incidence in
patients admitted to ICU of 5% to
69%.2,5,S15–S21 Of note, the series
with the lowest incidence (5% of
79 patients) excluded segmental/
subsegmental pulmonary embo-
lism (designated “immuno-
thrombosis”) and line-associated
deep vein thrombosis from their
primary endpoint.S15 In contrast,
Table 2. Rates of venous thromboembolism in cr
2019

Author, country N Criteria for imaging
Pro
im

Al-Samkari et al., United
States5

144 Clinical suspiciona Not

Cui et al., ChinaS14 81 Not reported Not

Desborough et al.,
EnglandS15

66 Clinical suspicion 29
10

Helms et al., France2 150 Clinical suspicion or increase
in D-dimer

Klok et al.,
NetherlandsS16,S22

184 Clinical suspicion Not

Lodigiani et al., ItalyS17 61 Clinical suspicion w

Middeldorp et al.,
NetherlandsS18

75 Clinical suspicionc Not

Poissy et al., FranceS20 107 Clinical suspicion 3

Thomas et al.,
EnglandS19

62 Clinical suspicion 1

CI, confidence interval; CTPA, computed tomography pulmonar
embolism; VTE, venous thromboembolism.
aPatients treated for VTE without diagnostic imaging not prese
b
“True” VTE excludes segmental/subsegmental PE and line-as
cThirty-eight patients had DVT screening, patients with asymp
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the series with the highest inci-
dence involved a small number of
patients (n ¼ 25) and performed
deep vein thrombosis imaging in
all patients on admission and at 1
week post admission to ICU.S21 Of
studies reporting all VTE following
imaging based on clinical suspi-
cion, VTE (predominantly pulmo-
nary embolism) was confirmed in
16.7% to 35.0%, with cumulative
incidence of up to 49.0% at 14
days.2,S17,S22 The data for symp-
tomatic VTE are summarized in
Table 2.2,5,S14,S15,S17–S20,S22 Of note,
3 series also reported bleeding
rates, with major bleeding
complicating 2.7% to 11.0% of
ICU admissions.2,5,S15

RRT was not been consistently
reported in the preceding series,
with 4 studies reporting use in
8.3% to 37.0% of the whole
cohort, and one study reporting
RRT use in 5 of 10 patients with
VTE (VTE in 28% of patients on
RRT).2,5,S15,S16,S19 Although RRT
can be associated with an increased
bleeding rate, the high prevalence
of VTE supports the use of routine
thromboprophylaxis in this
itically ill patients with coronavirus disease

portion
aged

Proportion of total n
with VTE

Cumulative incidence
(95% CI)

reported 7.6% 4.8%/100 patient-
weeks

reported 25% DVT Not reported

% CTPA
% DVT
scan

15% VTE
5% “true” VTEb

Not reported

66% 16.6% PE Not reported

reported 7 dS16: 15.2% VTE
14 dS22: 35.3% PE

7 d: 27% (17–37)
14 d: 49% (41–57)

20% 8.3% VTE 27.6%

reported 28% VTE 7 d: 15% (8–24)
14 d: 28% (18–39)
21 d: 24% (21–46)

1.8% 22.4% VTE PE 15 d: 20.4%
(13.1–28.7)

7.7% 9.6% VTE 27% (10–47)

y angiogram; DVT, deep vein thrombosis; PE, pulmonary

nted here.
sociated DVT.
tomatic VTE are excluded from the table.

K

patient cohort in the absence of
active bleeding or severe
thrombocytopenia.

Acute Kidney Injury and RRT

Acute kidney injury is common in
critical illness, developing in up to
half of patients, with 10% to 20%
requiring RRT.S23 Continuous RRT
is generally preferred in this
setting due to the lesser impact on
haemodynamic stability and op-
portunity for strict volume con-
trol. Blood exposure to the
artificial circuit results in activa-
tion of coagulation and can lead to
thrombosis with subsequent
increased blood loss, nursing work
load, and cost, in addition to
adverse impacts on control of ure-
mia, acidemia, and fluid balance.S24

Options to minimize circuit
thrombosis include regional anti-
coagulation with citrate or heparin
(unfractionated heparin [UFH] or
low molecular weight heparin) or
systemic anticoagulation (UFH,
low molecular weight heparin, or
prostacyclin). Citrate chelates cal-
cium, a key cofactor for coagula-
tion, thereby inhibiting its
activation. Heparin anticoagulation
is associated with an increased risk
of major bleeding, reported as 10%
to 50% in small case series.S25

Recent randomized controlled tri-
als have demonstrated regional
citrate is as effective in maintain-
ing filter patency with reduced
bleeding risk compared with sys-
temic heparinization.S26,S27

COVID-19, Acute Kidney Injury,

and RRT

Acute kidney injury is common in
patients hospitalized with COVID,
with rates of 5.1% to 78.0% re-
ported.1,3 Acute kidney injury is
associated with disease severity
and is more common in those
critically ill. The etiology is likely
multifactorial and may include
dehydration, direct kidney tubular
injury by viral infection, throm-
botic processes, collapsing
idney International Reports (2020) 5, 1377–1380



Regional
an�coagula�on

• Citrate
• LMWH
• UFH

Systemic 
an�coagula�on

• Epoprostenol
• LMWH
• UFH

Poten�al modifica�ons for COVID-19

• Citrate aiming for post filter Ca2+ 0.25–0.35mmol/l 
• Combined epoprostenol and heparin
• LMWH targe�ng An�-Factor Xa 0.25–0.35 IU/ml 
• UFH targe�ng APTT 60-90 seconds* or An�-Factor Xa 0.3–0.7
• Argatroban

Figure 1. Approaches to maintaining hemofilter patency, with modifications for those with
coronavirus disease 2019 (COVID-19). LMWH, low molecular weight heparin; UFH, unfrac-
tionated heparin. *Monitoring range should be locally determined, suggested by Ronco et al.7
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glomerulopathy, and rhabdomyo-
lysis.S28,S29 The proportion of crit-
ically ill patients with COVID-19
requiring RRT ranges from 15% to
35%.1–3,S2,S3

There are anecdotal reports of
RRT circuit clotting in patients
with COVID-19, but few published
data supporting this.6 In a multi-
center French cohort of 150 pa-
tients, 29 were receiving RRT. Of
those, 28 (97%) experienced cir-
cuit thrombosis, with reduced cir-
cuit lifespan compared with a
matched historical cohort.3 Circuit
anticoagulation was not specif-
ically reported; however, all pa-
tients received at least
thromboprophylaxis with 30%
receiving therapeutic heparin. In a
further single-center study of 69
critically ill patients with COVID-
19, 9 of 11 patients were escalated
to therapeutic UFH infusions due
to recurrent circuit thrombosis.S30

A third single-center study re-
ported filter circuit clotting in 8 of
12 critically ill patients with
COVID-19 on hemofiltration,
despite prophylactic dose anti-
coagulation.5 This led to escalation
to therapeutic anticoagulation with
UFH infusion, with 2 of 8 having
recurrent filter thrombosis. Of the
4 patients with no filter thrombotic
event, 3 were on therapeutic UFH
infusion for a preexisting
Kidney International Reports (2020) 5, 1377–1380
thrombosis at time of initiation of
hemofiltration.

National guidance published in
England acknowledges the hyper-
coagulable state associated with
COVID-19 and suggests the
following actions in the event of
frequent circuit clotting: opti-
mizing vascular access, consider-
ation of alternate/combined
anticoagulation strategies
including combined citrate and
heparin (systemic or via circuit),
heparin and epoprostenol or arga-
troban, along with excluding other
prothrombotic disorders.6 An Ital-
ian group recommend regional
citrate as the preferred anticoagu-
lant, and based on their experience
suggest a post filter ionized cal-
cium of 0.25 to 0.35 mmol/l (over
usual target of 0.3–0.45 mmol/l) to
prolong filter patency. For low
molecular weight heparin, they
suggest a starting dose of 3.5 mg/h
with a target systemic anti-factor
Xa of 0.25 to 0.35 IU/ml and for
UFH 10 to 14 unit/kg per hour
targeting an activated partial
thromboplastin time (APTT) of 60
to 90 seconds. They acknowledge
these targets as indicators based on
their experience with the need to
individually tailor. Approaches to
anticoagulation to prolong haemo-
filter patency are summarized in
Figure 1.7
Monitoring UFH with APTT in
any inflammatory state may not
reflect underlying anticoagulant
activity. APTT measures the time
to initial clot formation following
addition of calcium and an acti-
vator of the intrinsic pathway.
High Factor VIII and fibrinogen
can therefore shorten the APTT
in vitro, without affecting the
in vivo anticoagulant activity
measured with an anti-Factor Xa
assay.S31 Other studies demon-
strate using an anti-Factor Xa assay
facilitates reaching target antico-
agulant activity sooner with fewer
infusion rate changes.S32,S33 Cen-
ters have therefore moved toward
monitoring UFH with an anti-
Factor Xa assay.S34 Heparin resis-
tance, defined as high-dose UFH
(>35,000 units per day to achieve
target APTT ratio or inability to do
so) is a recognized phenomenon
and is often due to raised coagu-
lation factors such as Factor VIII
and/or fibrinogen, and/or reduced
antithrombin. Small case series
describe heparin resistance in
critically ill patients with COVID-
19 and this may contribute to cir-
cuit issues. Beun et al.S35 described
4 patients with COVID-19 infection
with heparin resistance (from 75
patients admitted to ICU; the
number on therapeutic anti-
coagulation was not reported).
Factor VIII, fibrinogen, and D-
dimer were markedly high with
normal antithrombin activity. A
further group studied 69 critically
ill patients with COVID-19 and
reported evidence of heparin
resistance in 8 of 10 patients on
therapeutic UFH infusions.S30

Argatroban has been proposed
as an alternate strategy given it
exerts its anticoagulant effect in-
dependent of antithrombin, by
direct thrombin inhibition. A small
case series of 10 critically ill
patients with COVID-19 confirmed
thrombosis and heparin resistance
were switched to argatroban
1379
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therapy following confirmation of
antithrombin deficiency.S36 No
patient had a further thrombotic
event but 3 patients experienced
bleeding complications (hemor-
rhagic stroke transformation, rectal
artery bleeding requiring emboli-
zation, and haemorrhoidal bleeding
resolved on temporary interruption
of argatroban infusion).
Managing Demand for RRT

During COVID-19

Recurrent circuit thrombosis not
only affects individual patient
clinical course as outlined previ-
ously but may also affect provision
of effective hemofiltration in the
ICU setting. Because of demand at
the peak of the pandemic, many
centers were forced to adapt
hemofiltration protocols to expand
RRT capacity. Optimizing circuit
anticoagulation to prolong circuit
lifespan is an important measure to
preserve consumables. Other stra-
tegies recommended included
increasing procurement supply
(but avoiding hoarding), reducing
blood flow to minimize citrate
consumption, moderating intensity
to conserve fluids, or running
accelerated filtration at higher
clearance to increase number of
patients per machine (providing
there are no issues with consum-
able supply).S37 Early transition to
intermittent hemodialysis or peri-
toneal dialysis also should be
considered in those patients who
are deemed suitable.S38
1380
Future Directions

Multiple international guidelines
now recommend all patients hos-
pitalized with COVID-19 receive
thromboprophylaxis unless con-
traindicated.8,9 Randomized
controlled trials to evaluate esca-
lated dosing for thromboprophy-
laxis are in progress, which will
enhance prevention of COVID-19–
associated VTE (currently 15
studies listed on ClinicalTrials.gov,
accessed June 28, 2020). Meta-
analyses of RRT anticoagulation
strategies and improved under-
standing of the complex patho-
physiology of this novel
coagulopathic state will be needed
to determine the optimal approach
for managing critically unwell pa-
tients with COVID-19.
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