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Abstract

Background: Optimal prophylactic and therapeutic management of thromboembolic disease in patients with COVID-
19 remains a major challenge for clinicians. The aim of this study was to define the incidence of thrombotic and
haemorrhagic complications in critically ill patients with COVID-19. In addition, we sought to characterise coagulation
profiles using thromboelastography and explore possible biological differences between patients with and without
thrombotic complications.

Methods: We conducted a multicentre retrospective observational study evaluating all the COVID-19 patients received
in four intensive care units (ICUs) of four tertiary hospitals in the UK between March 15, 2020, and May 05, 2020. Clinical
characteristics, laboratory data, thromboelastography profiles and clinical outcome data were evaluated between
patients with and without thrombotic complications.
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Results: A total of 187 patients were included. Their median (interquartile (IQR)) age was 57 (49–64) years and 124
(66.3%) patients were male. Eighty-one (43.3%) patients experienced one or more clinically relevant thrombotic
complications, which were mainly pulmonary emboli (n = 42 (22.5%)). Arterial embolic complications were reported in 25
(13.3%) patients. ICU length of stay was longer in patients with thrombotic complications when compared with those
without. Fifteen (8.0%) patients experienced haemorrhagic complications, of which nine (4.8%) were classified as major
bleeding. Thromboelastography demonstrated a hypercoagulable profile in patients tested but lacked discriminatory
value between those with and without thrombotic complications. Patients who experienced thrombotic complications
had higher D-dimer, ferritin, troponin and white cell count levels at ICU admission compared with those that did not.

Conclusion: Critically ill patients with COVID-19 experience high rates of venous and arterial thrombotic complications.
The rates of bleeding may be higher than previously reported and re-iterate the need for randomised trials to better
understand the risk-benefit ratio of different anticoagulation strategies.

Keywords: COVID-19, Thrombosis, Haemorrhage, Heparin

Background
Optimal management of thrombotic complications that
are recognised as a common feature of coronavirus disease
2019 (COVID-19) remains a major clinical challenge in
intensive care units (ICUs) [1–3]. Proposed underlying
mechanisms include an excessive immune response cyto-
kine storm, endotheliopathy, intussusceptive angiogenesis
and hypercoagulability [1, 4]. Neutrophilia and elevated
inflammatory and coagulation markers, such as D-dimer
and fibrinogen have been associated with increased mor-
tality in COVID-19 [5, 6].
The reported incidence of thromboembolic complica-

tions in ICU patients with COVID-19 ranges from 21 to
69%, but these data are predominantly from single-centre
studies [7–11]. Current research priorities include the
optimal agent, dose and duration for prophylaxis and
treatment of thrombosis, identification of clinical
characteristics or biomarkers to aid risk stratification
and the potential role of viscoelastic tests of coagula-
tion [1, 12, 13]. In addition, bleeding rates have been
sparsely reported, which is problematic, particularly as
recent guidelines recommend applying higher dose
low molecular weight heparin (LMWH) thrombopro-
phylaxis [13, 14].
The objectives of our study were to (i) define the inci-

dence of thrombotic and haemorrhagic complications in
COVID-19 patients admitted to four ICUs in the United
Kingdom (UK) and (ii) identify possible differences in
ICU admission laboratory, coagulation and thromboe-
lastography profiles between patients who develop
thrombotic complications compared with those that
do not.

Methods
We report our findings in accordance with the Strength-
ening the Reporting of Observational Studies in Epi-
demiology (STROBE) statement [15] (Additional file 1).

Study design and setting
We conducted a retrospective, observational study of all
patients admitted to adult intensive care units (ICUs) in
four tertiary UK hospitals (John Radcliffe Hospital, Ox-
ford; Southmead Hospital and Bristol Royal Infirmary,
Bristol; and University Hospital of Wales, Cardiff) be-
tween March 15, 2020, and May 05, 2020, with sus-
pected or laboratory-confirmed SARS-CoV-2 infection.
There were no exclusion criteria. Laboratory confirm-
ation of SARS-CoV-2 infection was defined as a positive
result of real-time reverse-transcriptase polymerase
chain reaction (RT-PCR) assay of the upper respiratory
tract (nasopharyngeal and oropharyngeal) and/or lower
respiratory tract (sputum, endotracheal aspirate, or
bronchoalveolar lavage) lavage. Suspected SARS-CoV-2
cases included patients with a clinical history and fea-
tures of COVID-19 with radiological lesions compatible
with severe COVID-19, despite a negative RT-PCR test.
These patients were admitted to dedicated COVID ICUs
in all centres and were not managed differently to those
with laboratory-confirmed infection.
As part of standard care at all institutions, all ICU admis-

sions received standard weight-based low molecular weight
heparin (LWMH) thromboprophylaxis. Details of each
site’s thromboprophylaxis protocol are available in Add-
itional file 2. Therapeutic anticoagulation with LWMH was
commenced for image-proven thrombosis or when there
was a strong clinical suspicion and imaging studies were
difficult to perform because of illness severity or infection
control measures. Routine monitoring of anti-Xa levels in
patients on therapeutic LWMH was not performed unless
there was a specific clinical indication such as severe renal
impairment, coagulopathy or active bleeding. It is worth
noting the correlation between anti-Xa levels and thrombo-
embolic and bleeding events is very weak [16]. Patients
receiving therapeutic intravenous unfractionated heparin
infusions were monitored using anti-Xa levels rather than
activated partial thromboplastin times. The initial target
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range was 0.3 to 0.7 units/mL but was increased to 0.5 to
0.8 units/mL in the event of haemofiltration circuit throm-
bosis. Levels were checked 6 h after a rate change. Once
daily monitoring was acceptable if the infusion rate was
stable with two stable consecutive 6-h anti-Xa levels.
CT pulmonary angiograms (CTPAs) and lower limb

Doppler ultrasound scans were performed at the discre-
tion of the treating clinician. Common indications for
CTPA included worsening oxygenation, despite maximal
support therapies such as proning and inhaled nitric
oxide, haemodynamic instability with evidence of right
ventricular impairment or extremely high D-Dimer values.
No centre routinely screened for deep vein thrombosis.
Research ethics committee approval was not required

for this study as per the UK Health Research Authority
Decision tool (http://www.hra-decisiontools.org.uk/re-
search/). The study was deemed to be service evaluation
at each site and the need for consent was waived. No
direct patient identifiable data were collected.

Outcomes
Our primary outcome of interest was the occurrence of any
thrombotic complication (pulmonary embolism, deep ven-
ous thrombosis, peripheral arterial ischaemia, myocardial in-
farction, stroke or extracorporeal circuit thrombosis).
Secondary outcomes included haemorrhagic complications
and the results of coagulation and thromboelastography
tests. The number of patients who had died, had been dis-
charged, and were still admitted in the ICU as of May 15,
2020, were recorded. ICU length of stay also was deter-
mined. The shortest follow-up period was 10 days. Baseline
characteristics of our study cohort were compared with UK
national data collected on ICU patients with COVID-19 by
the Intensive Care National Audit and Research Centre [17].

Data collection and definitions
Anonymised case data on clinical characteristics, patient
demographics, comorbidities and results of imaging stud-
ies were extracted from routinely collected healthcare re-
cords. Standard laboratory and coagulation parameters
measured at, or within 48 h of, ICU admission (whichever
came first) were extracted for all patients. In addition, we
also captured thromboelastography data at, or within 48 h
of, ICU admission for twenty patients. Additional coagula-
tion results were extracted in patients who experienced
bleeding complications. Anticoagulation regime at the
time of ICU admission was also recorded.
Bleeding severity and disseminated intravascular coagu-

lation (DIC) scoring were assessed using recognised defi-
nitions. Major bleeding was defined as (i) fatal bleeding
and/or; (ii) symptomatic bleeding in a critical area or
organ, such as intracranial, intraspinal, intraocular, retro-
peritoneal, intraarticular or pericardial, or intramuscular

with compartment syndrome and/or; (iii) bleeding causing
a fall in haemoglobin level of 2 g/dL (1.24mmol/L) or
more or leading to transfusion of two or more units of
whole blood or red blood cells [18]. Laboratory coagula-
tion results at the closest time point to the onset of the
index bleeding episode were extracted. Overt DIC was 5
points or more [19]. Thromboelastography was performed
using the TEG6s system (Haemonetics Limited, UK).

Statistical methods
No sample size calculation was performed for this study.
Means for continuous variables were compared using inde-
pendent group t tests when the data were normally distrib-
uted; otherwise, the Mann-Whitney test was used.
Proportions for categorical variables were compared using
the χ2 test. All statistical tests were two-tailed, and statistical
significance was defined as p < 0.05. Analyses were per-
formed using R version 3.2.4 (the R foundation for statistical
computing).

Results
Demographics and clinical characteristics
We included 187 patients. The median (interquartile
(IQR)) age was 57 (49–64) years and 124 (66.3%) pa-
tients were male. Of all included patients, 142 (77%)
were either very fit or well according to the Clinical
Frailty Scale [20]. Respiratory failure requiring invasive
mechanical ventilation occurred in 167 (89.3%) patients.
Other relevant patient characteristics, co-morbidities
and ICU resource requirements are summarised in
Table 1, alongside a comparison of UK national data.

Thrombotic and haemorrhagic complications
Eighty-one (43.3%) patients experience one or more clin-
ically relevant thrombotic complications (Table 1),
which were predominantly pulmonary embolism or deep
vein thrombosis (Fig. 1). Twenty-five (13.3%) patients
experienced arterial complications, of which twelve in-
volved peripheral or intestinal ischaemia (Fig. 1). One
hundred CT pulmonary angiograms (CTPA) were per-
formed of which 42 were positive for segmental or sub-
segmental pulmonary embolism. One hundred seventy-
eight patients (95.1%) were already on either prophylac-
tic or therapeutic anticoagulation (Table 2).
Fifteen patients (8.0%) experienced haemorrhagic compli-

cations, of which nine (4.8%) were classified as major bleed-
ing (Table 2). Nearly all patients were male (n = 14) and
gastrointestinal bleeding was the commonest site. Bleeding
occurred at a median (IQR) of 15 (6–25) days following
ICU admission. Seven patients required allogeneic red
blood cell transfusions. At the time of bleeding episode, the
median (IQR) sequential organ failure assessment (SOFA)
was 9 (5–12) and five patients were established on thera-
peutic anticoagulation. The other four patients who

Shah et al. Critical Care          (2020) 24:561 Page 3 of 10

http://www.hra-decisiontools.org.uk/research/
http://www.hra-decisiontools.org.uk/research/


Table 1 Clinical characteristics and outcomes of the study population (n = 187)

Characteristic Study cohort ICNARC comparator as of
May 22, 2020 (n = 9026)

Age (years), median (IQR) 57 (49–64) 60 (51–67)

Sex, n (%)

Male 124 (66.3) 6403 (71.0)

Female 63 (33.7) 2619 (29.0)

Time period between symptom onset and hospital admission (days), median (IQR) 7 (5–9) –

APACHE II score

Mean (SD) 13.8 (6.3) 14.7 (5.3)

Median (IQR) 13 (10–13) 14 (11–18)

PaO2/FiO2 ratio (mmHg), median (IQR) 135 (103–182) 118.5 (84.7–165)

PaO2/FiO2 ratio, n (%)

< 100mmHg (< 13.3 kPa) 45 (24.0) 2982 (36.8)

100–200mmHg (13.3–26.6 kPa) 105 (56.1) 3961 (48.9)

≥ 200mmHg (≥ 26.7 kPa) 37 (19.8) 1161 (14.3)

Body mass index (kgm−2) 28 (25–32) –

Categories, n (%)

< 18.5 2 (1.1) 56 (0.7)

18.5 < 25 50 (26.7) 2118 (25.4)

25< 30 65 (34.7) 2932 (35.1)

30 < 40 53 (28.3) 2595 (31.1)

40+ 14 (7.4) 643 (7.7)

Ethnicity, n (%)

White 141 (76.6) 5468 (66.8)

Asian 19 (10.3) 1245 (15.2)

Black 16 (8.7) 797 (9.7)

Other 8 (4.3) 537 (6.6)

Co-morbidities, n (%)

Hypertension 71 (43.1) –

Diabetes 54 (30.2) –

Ischaemic heart disease 16 (8.4) –

Previous stroke 5 (3.6) –

COPD or asthma 38 (24.2) –

Previous PE/DVT 7 (5.5) –

Malignancy 15 (6.4) –

Chronic kidney disease 12 (8.2) –

None 61 (32.6) –

Clinical Frailty Scale, n (%)

1–2 142 (77) –

3–4 36 (19) –

5+ 7 (4) –

Advanced cardiovascular support, n (%) 47 (25.1) 2119 (28.8)

Advanced renal support, n (%) 80 (42.8) 1848 (25.2)
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experienced major bleeding were on standard thrombopro-
phylaxis. No patients had overt DIC or a fibrinogen con-
centration of less than 1.5 g/L. Thrombotic and
haemorrhagic complications for each participating centre
are displayed in Additional file 3.

Mortality
Overall ICU mortality was 31.6%. A higher proportion of pa-
tients with thrombotic complications died when compared
with those without but this was not statistically significant (32
(39.5%) vs. 27 (25.5%), p = 0.059). Median (IQR) ICU length

of stay was longer in patients who developed thrombotic
complications 17 (11–27) days vs. 12 (7–13) days, p = 0.003).

Laboratory and thromoboelastography markers
Patients who developed thrombotic complications had sig-
nificantly higher D-Dimer (p < 0.001), troponin T (p =
0.008), troponin I (p < 0.001), white cell count (p = 0.024)
and ferritin concentrations (p = 0.008) at ICU admission,
when compared with those without thrombotic complica-
tions (Table 3). Thromboelastography data were available
for twenty patients and suggested a hypercoagulable profile

Table 1 Clinical characteristics and outcomes of the study population (n = 187) (Continued)

Characteristic Study cohort ICNARC comparator as of
May 22, 2020 (n = 9026)

Respiratory support, n (%)

Non-invasive ventilation 42 (22.5)

Invasive ventilation 167 (89.3) 5330 (72.5)

Prone position 101 (54.0) –

ECMO 5 (2.7) –

No. of patients with thrombotic complications, n (%) 81 (43.3) –

Pulmonary embolism 42 (22.5) –

Deep vein thrombosis 22 (11.8) –

Arterial complications –

Arterial ischaemia (peripheral or intestinal) 12 (6.4) –

Cerebrovascular accident 8 (4.3) –

Myocardial infarction 5 (2.7) –

Extracorporeal circuit disruption 23 (12.3) –

ICU outcomes, as of May 15, 2020, n (%)

Died in ICU 59 (31.6) 3302 (44.3)

Still alive in ICU 33 (17.6) –

Discharged from ICU 95 (50.8) 4145 (55.7)

APACHE Acute Physiology and Chronic Health Evaluation, COPD chronic obstructive pulmonary disease, DVT deep vein thrombosis, ECMO extracorporeal
membrane oxygenation, ICU intensive care unit, PE pulmonary embolism

Fig. 1 Description of thrombotic and haemorrhagic complications
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characterised by mean Alpha angle and maximal amplitude
(MA) values at or above the upper limits of the normal ref-
erence range, extremely low LY30 values and higher fibrin
contribution toward clot formation relative to platelets.
However, we observed no differences in any of these pa-
rameters between both groups.

Discussion
Key results
Our multicentre study supports previous reports of a
high incidence of thromboembolic complications in ICU
patients with COVID-19, despite the initiation of throm-
boprophylaxis [7–10]. We observed a higher incidence
of arterial ischaemic and bleeding complications when
compared with previous COVID-19 and non-COVID
ICU data [7, 8, 21]. Laboratory parameters linked to

thromboinflammation, such as D-dimer, white cell
count, troponin and ferritin were higher in patients who
developed thrombotic complications. Thromboelastogra-
phy, however, lacked discriminatory value.

Interpretation
The high burden of thrombotic complications in
COVID-19, combined with data from other viral respira-
tory illnesses [22], has led to international clinical guide-
lines now recommending higher doses (intermediate
dose) of thromboprophylaxis [13]. However, a consensus
statement written on behalf of the American College of
Cardiology recommends against the use of the inter-
mediate dose LWMH in patients with moderate-severe
COVID-19 [11].

Table 2 Clinical characteristics, laboratory parameters and coagulation profiles among patients who experienced bleeding
complications

Characteristic n = 15

Age (years), median (IQR) 60 (51–71)

Sex, n (%)

Male 14 (93.3)

Female 1 (6.7)

Admission APACHE II score, median (IQR) 14 (9–16)

Bleeding complications, n (%) 15 (8.0)

Gastrointestinal 6 (3.2)

Intracranial 5 (2.7)

Other (epistaxis (n = 1), Tracheostomy (n = 1), GU (n = 2)) 4 (2.1)

Severity of bleeding, n (%)

Major 9 (60)

Non-major 6 (40)

Anticoagulation, n (%)

Prophylactic 8 (53.3)

Therapeutic 5 (33.3)

Data not available 2 (13.4)

Time interval between ICU admission and bleeding episode (days), median (IQR) 15 (6–25)

No. requiring red blood cell transfusion, n (%) 7 (46.7)

SOFA score at time of bleed, median (IQR) 9 (5–12)

Organ support requirement (n = 12), n

0–1 advanced organ support requirement 6

> 1 advanced organ support requirement 6

Laboratory data at time of bleeding episode (n = 12)

Platelet count (× 109/L), median (IQR) 244 (163–325)

Prothrombin time (seconds), median (IQR) 11.3 (10.6–11.8)

Activate partial thromboplastin time (seconds), median (IQR) 27.2 (23.6–34.2)

Fibrinogen (g/L), median (IQR) 4.8 (2.8–6.3)

ICU length of stay (days), median (IQR) 20 (10–35)

APACHE Acute Physiology and Chronic Health Evaluation, GU genitourinary, ICU intensive care unit, SOFA Sequential Organ Failure Assessment,
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Table 3 Clinical characteristics, laboratory parameters and coagulation profiles among patients with and without thrombotic
complications

Characteristic All patients
(n = 187)

Thrombotic complication
(n = 81)

No thrombosis
(n = 106)

p value

Age (years), median (IQR) 57 (49–64) 59 (53–66) 56 (48–63) 0.046

Sex, n (%)

Female 63 (32) 21 (26) 42 (40) 0.071

Male 124 (68) 60 (74) 64 (60) –

APACHE II score, median (IQR) 13 (10–13) 14 (11–18) 13 (9–16) 0.594

ISTH DIC score, median (IQR) 3 (2–3) 3 (2–3) 2 (2–3)

Baseline treatments (n = 185), n (%)

Prophylactic LMWH or UFH, n 151 59 (31.3) 92 (49.9)

Therapeutic LMWH or UFH, n 27 18 (9.9) 9 (5.0)

Vitamin K antagonist, n 2 0 (0) 2 (1.1)

Directly acting oral anticoagulant, n 2 0 (0) 2 (1.1)

No anticoagulant, n 3 3 (1.7) 0

Laboratory parameters (approximate normal range)

Haemoglobin (g/L) (120–150) 121.1 (20.4) 121.2 (22.9) 121.0 (18.2) 0.948

Platelet count (×109/L) (150–400) 241 (186–318) 238 (179–319) 243 (193–311) 0.749

White cell count (×109/L) (4.0–11.0) 9.18 (6.81–12.43) 9.72 (7.82–12.64) 8.16 (6.02–11.55) 0.024

Lymphocyte count (×109/L) (1.0–4.0) 0.80 (0.50–1.10) 0.80 (0.50–1.10) 0.80 (0.56–1.10) 0.321

Lactate dehydrogenase 629 (418–927) 700 (437–1032) 579 (415–820) 0.096

Peak troponin T (ng/mL) (n = 62) 27 (12–57) 44 (23–66) 18 (12–39) 0.008

Peak troponin I (ng/L) (n = 103) 14 (6–61) 26 (9–194) 9 (4–32) < 0.001

CRP (mg/L) (0–5) 202 (128–294) 209 (143–300) 187 (121–267) 0.055

Ferritin (mcg/l) (10–200) 1126 (495–1880) 1305 (737–2301) 886 (370–1499) 0.008

Coagulation parameters

Prothrombin time (seconds) 12.4 (11.0–14.9) 12.0 (11.0–13.3) 12.8 (11.0–14.36) 0.499

D-dimer (ug/mL) 2587 (950–10,000) 6139 (1644–10,000) 1264 (788–5535) < 0.001

Fibrinogen (g/L) 7.0 (6.0–10.0) 6.9 (6.0–9.6) 7.4 (6.0–10.0) 0.441

Thromboelastography parameters (n = 20)
(normal ranges)

n = 20 n = 12 n = 8

R time (mins) (4.6–9.1) 7.37 (2.45) 7.70 (1.87) 6.86 (3.22) 0.094

CK alpha (angle) (63–78) 75.7 (3.4) 75.5 (3.5) 76.1 (3.3) 0.156

MA (mm) (52–69) 69.3 (2.26) 69.3 (1.70) 69.4 (3.06) 0.169

Platelet contribution to clot strength (%) 64 (61–73) 63 (53–69) 68 (64–77) 0.552

Fibrin contribution to clot strength (%) 36 (27–39) 37 (31–47) 32 (23–36) –

Thrombodynamic ratio 17.1 (11.5–24.6) 14.1 (11.5–18.0) 24.5 (13.9–24.8) 0.201

LY30 (0.0–2.6) 0.00 (0.00–0.05) 0.00 (0.00–0.00) 0.00 (0.00–0.48) 0.240

Outcome as of 15 May 2020, n (%)

Died in ICU 59 (31.6) 32 (39.5) 27 (25.5) 0.059

Still alive in ICU 33 (17.6) 17 (21.0) 16 (15.1) –

Discharged alive from ICU 95 (50.8) 32 (39.5) 63 (59.4) –

ICU length of stay (days), median (IQR) 15 (7–21) 17 (11–27) 12 (7–13) 0.003

APACHE Acute Physiology and Chronic Health Evaluation, DIC disseminated Intravascular coagulation, ICU intensive care unit, LWMH low molecular weight heparin
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Observational data, with limited control for confounders,
have provided conflicting results on the mortality benefit
associated with anticoagulation in COVID-19. Tang et al.
[23] in a single-centre study demonstrated a reduction in
28-day mortality with heparin treatment. However, it was
conducted in a setting where routine thromboprophylaxis
is not standard practice. Paranjpe et al. [24], in a database
study involving 2773 hospitalised COVID-19 patients,
showed improved survival with systemic anticoagulation.
However, there was no survival difference in mechanically
ventilated patients and details on the pharmacological agent
used and dose were not provided.
Given the strong procoagulant component that accom-

panies the pathophysiology of COVID-19, one hypothesis
that has generated interest is whether being on anticoagu-
lation for unrelated conditions prior to COVID-19 is pro-
tective for COVID-19 related outcomes. A recent
propensity score-matched study compared 913 patients
receiving anticoagulation (antiplatelet or anticoagulation
therapy) with 2859 patients receiving neither at the time
of COVID-19 diagnosis and found no statistically signifi-
cant difference in survival, mechanical ventilation and
need for hospital admission between both groups [25].
The uncertainty highlighted in observational studies and
disagreement between guidelines re-iterates the import-
ance of ongoing randomised trials such as COVID-HEP
(NCT04345848) and REMAP-CAP [26].
Rather concerningly, we report a higher incidence of ar-

terial ischaemic complications when compared with previ-
ous studies. Helms et al. only reported four (2.6%) cases in
a cohort study of 150 COVID-19 ICU patients [7]. Arterial
complications may result in major morbidity as highlighted
in recent case reports [27, 28]. It is unclear whether the
same mechanisms are involved in venous as in arterial clots.
Arterial clots in COVID-19 patients removed at the time of
surgery [28] have been consistent with being platelet-rich
which suggests that anti-platelet agents may have a role to
play in preventing arterial complications.
Increased doses of thromboprophylaxis must be care-

fully weighed against the risks of bleeding. These risks
are not insubstantial in critically ill patients. Rates of
gastrointestinal haemorrhage among general ICU pa-
tients have been described as approximately 3.5% [21],
with increasing bleeding risk in sicker patients and those
with predisposing illness, such as liver or haematological
disease. In an international multicentre study enrolling
3746 critically ill patients receiving heparin thrombopro-
phylaxis, bleeding occurred in 5.6% of patients [29].
Gastrointestinal bleeding was the commonest site occur-
ring in 51.9% of patients (2.9% of the overall cohort).
Factors associated with bleeding included prolonged ac-
tivated partial thromboplastin time, thrombocytopenia,
therapeutic heparin anticoagulation, antiplatelet therapy,
renal replacement therapy and recent surgery. The type

of agent used for thromboprophylaxis was not associated
with bleeding.
Previously reported rates of bleeding in COVID-19

range from 0 to 7.5% [7, 8, 23] and are poorly described
with regard to clinical characteristics, timing and ana-
tomical site. A recent study of 400 COVID-19 patients,
Al-Samkari et al. reported an overall bleeding rate of
7.6% in critically ill patients, with a major bleeding rate
of 5.6% [30]. These data, combined with our findings,
suggest that empiric increases in thromboprophylaxis
doses beyond standard care should be pursued with cau-
tion. Patients who experienced bleeding complications in
our cohort were predominantly male, with higher SOFA
scores and ICU resource requirements. We observed
that bleeding was not associated with deranged labora-
tory evidence of coagulopathy, but it is recognised that
markers such as prothrombin time are poor predictors
of bleeding [31]. The overall rate of clinically important
gastrointestinal bleeding in our cohort was 3.2% which is
in keeping with non-COVID ICU patients [21, 29]. Our
data suggest that even in the absence of laboratory evi-
dence of coagulopathy in COVID-19, clinicians should
maintain a high index of suspicion of bleeding. The vari-
ation in bleeding rates reported in COVID-19 also high-
lights the need to standardise assessment of bleeding in
order to allow for better comparison between studies.
The predominant site of bleeding linked to COVID-19

is intrapulmonary microhaemorrhage, and it may be that
pulmonary intravascular coagulopathy eventually pro-
gresses to systemic coagulopathy [32]. Laboratory evi-
dence of coagulopathy was also rare during the SARS-
CoV-1 outbreak in 2002 [33]. In contrast, haemorrhage
has been frequently reported with other viral infections
such as Ebola [34], where organ damage is predomin-
antly in the liver and peripheral vascular beds, which
suggests the dominance of either bleeding or thrombosis
depends on the causal virus. Therefore, whether our
findings represent a true increase in bleeding risk dir-
ectly due to immune mechanisms related to COVID-19,
anticoagulation or are as a result of illness severity re-
mains unclear. Gastrointestinal and intracranial bleeding
are also recognised complications when anticoagulation
is necessary to facilitate rescue treatments such as extra-
corporeal membrane oxygenation [35].
Elevated concentrations of D-dimer, ferritin, troponin

and white cell count at ICU admission may reflect undiag-
nosed clot burden prior to admission and be used to iden-
tify patients for CTPA. Various D-Dimer thresholds have
been proposed but these have poor sensitivity ranging
from 67 to 70% [36, 37]. It is unclear whether these high
values are as a direct consequence of SARS-CoV-2 itself
or if this is secondary to systemic inflammation secondary
to critical illness. Thromboelastography may be a useful
tool for guiding therapy in major haemorrhage [38]. Our
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data demonstrated a hypercoagulable profile with little or
no fibrinolysis in keeping with previously published
data [39, 40], although disappointingly it did not discrim-
inate between those with and without thrombotic compli-
cations. However, data were only available for twenty
patients in our study. Prospective studies investigating its
use to assess bleeding and thrombotic risk and guide
anticoagulation in COVID-19 are needed [1]. At present,
we do not advocate using thromboelastography results to
guide clinical management outside of prospective clinical
research.

Strengths and limitations
Strengths of our work include the largest reported multi-
centre cohort evaluating thrombotic complications in
critically ill patients, completeness of the data, and for
the first time to our knowledge, a detailed description of
bleeding complications. Our study cohort is also repre-
sentative of our national population. Limitations of our
study include underreporting, and therefore, the rates of
complications could be higher than reported here. We
lacked a comparator non-COVID ICU patient group,
but these data have been reported previously [7] and are
unlikely to alter the conclusions of our findings.

Conclusion
Critically ill patients with COVID-19 experience high
rates of thrombotic complications. Our data suggest that
clinicians should consider that bleeding and arterial is-
chaemic complications may also be more frequent in
these patients. Our work re-iterates the need for rando-
mised trials to better understand the risk-benefit ratio of
different anticoagulation strategies.
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