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Introduction

Hematological complications of coronavirus disease 2019 
(COVID-19), caused by the novel coronavirus (SARS-
CoV-2), emerged recently and evolved in real-time. 
Complications ranging from simple hematological changes 
to arterial and venous thrombosis contribute to the disease’s 
morbidity and mortality.1 Histopathologic studies revealed 
diffuse alveolar damage with severe inflammation, thrombo-
sis, and thrombotic microangiopathy of the lung’s small ves-
sels and capillaries. In an autopsy case series, thrombosis of 
small and mid-sized pulmonary arteries was demonstrated in 
all patients.2 Endotheliitis and thrombotic microangiopathy 
have also been reported in extrapulmonary organs, which 
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might be due to the intense proinflammatory response that 
signals cytokine storm initiation.3 D-dimer has emerged as 
the most widely recognized indicator of a probable hyperco-
agulable state in COVID-19 patients, and elevated levels are 
positively correlated with mortality.4

Despite the current prophylactic dose of anticoagulation 
(AC) in patients with COVID-19, several case series from 
intensive care units (ICUs) have reported high rates of 
venous thromboembolism (VTE), pulmonary embolism 
(PE), extracorporeal circuits thrombosis, and arterial events 
leading to limb ischemia and ischemic strokes.5 Thus, clini-
cians worldwide implemented a variety of more intense AC 
approaches. Consequently, many hospitals’ and clinical soci-
eties’ protocols advocated initiating higher prophylactic or 
even therapeutic doses of anticoagulants in critically ill 
COVID-19 patients according to their D-dimer levels.6,7

It may be prudent to monitor AC in those patients to avoid 
aggravating bleeding risks. Activated partial thromboplastin 
time (aPTT) correlates poorly with the activity of unfraction-
ated heparin (UFH) in plasma, and predicting dose optimiza-
tion of enoxaparin is complicated; accordingly, anti-factor 
Xa (anti-FXa) has been suggested as a surrogate marker of 
the extent of AC.8 Furthermore, the studies have found that 
anti-FXa measurement is more accurate than aPTT for moni-
toring therapy, particularly at the lower end of its therapeutic 
target.9 In addition, because of the variable activity of aPTT 
in the presence of acute-phase proteins, lupus anticoagu-
lants, or liver failure, the anti-FXa assay is preferable for 
monitoring the therapeutic activity of UFH.10,11

To date, two studies in a small number of patients with 
COVID-19 that assessed utilizing the anti-FXa assay for 
monitoring therapy did not have conclusive results. No stud-
ies have assessed the role of anti-FXa levels for monitoring 
the efficacy of higher than usual prophylactic doses of AC 
therapy in critically ill COVID-19 patients.12,13 Therefore, the 
aims of this study were:1 to determine if AC regimens using 
higher than usual doses are effective in preventing thrombo-
sis; as indicated by anti-FXa levels2 to examine a possible 
association between D-dimer levels, inflammatory markers, 
and COVID-19-induced coagulopathy or thrombophilia; 
and3 to monitor the incidence of bleeding as complication.

Methods

Study population

This retrospective cohort study was conducted in the ICUs of 
King Khalid University Hospital (KKUH), Riyadh, Saudi 
Arabia. Patients were recruited from 27 April 2020 until 15 
August 2020. The KKUH Institutional Review Board 
approved the study; the need for patient consent was waived 
because of the study’s retrospective design. Patients 
>18 years of age who received higher intensity AC within 
the initial 24–48 h after hospital admission, with anti-FXa 
level measured during their ICU stay, and with a confirmed 

positive COVID-19 determined by real-time polymerase 
chain reaction (RT-PCR) were included. Pregnant women 
and patients with lupus anticoagulants, a known underlying 
hypercoagulable state, chronic liver disease, platelet count 
<50 × 103/μL, those who were post-cardiac arrest, died 
within 48 h of admission, had VTE on admission, or had 
inappropriate sample timing were excluded.

Data collection

Electronic health records were accessed to retrieve basic demo-
graphic characteristics, medical history, and comorbidities. 
Platelet count, prothrombin time (PT), aPTT, international nor-
malized ratio (INR), fibrinogen, D-dimer, and anti-FXa were 
measured on the same day. Markers of inflammation—includ-
ing peak D-dimer, fibrinogen, interleukin-6 (IL-6), procalci-
tonin, C-reactive protein (CRP), and ferritin levels—were also 
obtained from patients’ records. Complications including acute 
kidney injury, the need for renal replacement therapy, respira-
tory failure necessitating mechanical ventilation, and the devel-
opment of new-onset VTE or arterial thrombosis were 
recorded. Routine VTE screening by performing lower limb 
Doppler was not a part of our institution protocol.

Major bleeding, as defined by The International Society 
on Thrombosis and Haemostasis (ISTH), was recorded. 
Symptomatic bleeding, including intracranial, intraspinal, 
intraocular, retroperitoneal, intraarticular, pericardial, intra-
muscular bleed with compartment syndrome, or bleeding 
causing a ⩾2 g/dL decrease in hemoglobin level or leading 
to transfusion of ⩾2 units of packed red blood cell (RBC), 
was recorded.14 Other data obtained included the use of 
vasopressors or antiplatelet agents, mechanical ventilator 
days, ICU length of stay, ICU mortality, hospital length of 
stay, and all-cause 28-day mortality.

AC regimens

The patients received the following three AC regimens in the 
ICU:

1. “High-dose prophylaxis”: enoxaparin 40, 50, or 
60 mg subcutaneously (SC) according to body weight 
and D-dimer level every 12 h according to the Saudi 
Ministry of Health protocol.7

2. “Therapeutic enoxaparin”: 1 mg/kg SC every 12 h.
3. “Therapeutic unfractionated heparin (UFH) infusion.”

Therapeutic enoxaparin and UFH infusion were typically 
used if there was any evidence of thrombosis (including 
superficial veins), worsening hypoxemia despite improving 
X-ray and proper lung compliance, D-dimer ⩾2 μg/mL, or 
rapidly increasing D-dimer. The AC regimen was initiated at 
the discretion of the treating team. It was guided by the 
patient’s estimated glomerular filtration rate (eGFR) using 
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the Cockcroft–Gault equation. Therapeutic UFH infusion 
was started if eGFR was <30 mL/min/1.73 m2.

Anti-FXa activity

Following our institutional clinical pharmacy protocol, plasma 
anti-FXa activity was measured after reaching steady-state of 
the anticoagulant (after ⩾3 doses of enoxaparin, or 4–6 h after 
starting intravenous UFH infusion). Blood sampling in 
patients receiving enoxaparin was timed to measure “the peak 
level” 4–6 h after the last AC dose. Our usual practice was to 
sample for aPTT and anti-FXa simultaneously if the patient 
received UFH infusion to ensure result concordance.

The reference ranges we used were based on previous 
studies investigating the efficacy of anti-FXa in non-
COVID-19 patients and the drug reference index, and they 
were as follows:

1. Enoxaparin for VTE prophylaxis: 0.2–0.4 unit/mL.
2. Enoxaparin for VTE treatment (twice daily dosing): 

0.6–1 units/mL.
3. UFH for VTE treatment: 0.3–0.7 unit/mL.

Whole blood was sampled in 3.2% sodium citrate tubes 
(BD Vacutainer) for coagulation testing at the hospital clinical 
chemistry and hematology laboratory. Parameters measured 
included PT, aPTT, D-dimer, fibrinogen, antithrombin (AT) 
activity, and platelet count. Blood sampling for anti-FXa activ-
ity (peak anti-FXa) was performed using STA®-Liquid Anti-Xa 
(Stago, Asnières-sur-Seine, France); as per our standard lab 
procedure, without adding any exogenous antithrombin.

Anti-FXa groups

We divided the entire cohort according to anti-FXa levels, 
with subgroups based on anti-FXa target status within each 
AC regimen:

1. “Within range” included patients whose anti-FXa 
level was within the expected range, whether prophy-
lactic or therapeutic.

2. “Above the expected range” included patients with 
supraprophylactic or supratherapeutic values.

3. “Below the expected range” included patients with 
subprophylactic or subtherapeutic values.

Statistical analysis

Data were analyzed using SPSS version 20.0. (IBM Corp., 
Armonk, NY, USA). The Kolmogorov–Smirnov test was 
used to verify distribution normality. Comparisons between 
groups for categorical variables were assessed using the chi-
square test (Monte Carlo). For continuous variables, analy-
sis of variance (ANOVA) was used to compare >2 groups; 
the Kruskal–Wallis test was used for data not normally dis-
tributed, and Dunn’s post hoc multiple comparisons test was 
used for pairwise comparisons. The significance level was 
established at 5%.

Results

Patient characteristics

Sixty-nine critically ill patients with RT-PCR confirmed 
COVID-19 who had anti-FXa levels measured were 
included in the study (Figure 1). Most patients were male 
(68.1%), with a median age of 58.4 years (interquartile 
range (IQR) = 51–65) and approximately half had diabetes 
mellitus and/or hypertension. Only two (2.9%) patients had 
a history of VTE (one deep vein thrombosis (DVT) and one 
PE), and both cases were provoked. Three patients had a 
history of cerebrovascular accident (CVA); all were 
ischemic. None of the patients had chronic liver disease or 
a history of past or current malignancy (Supplemental 
Table 1).

Figure 1. Study flow chart.
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Seventeen patients (24.6%) received high-dose enoxapa-
rin prophylaxis, 29 patients (42%) received therapeutic doses 
of enoxaparin, and 23 patients (33.3%) were on UFH 

infusion. More patients receiving UFH infusion had multiple 
comorbidities at baseline compared with the other two regi-
mens (Table 1).

Table 1. Comparison of patients’ clinical and laboratory parameters according to the three anticoagulation regimens.

High-dose prophylaxis 
enoxaparin (n = 17)

Therapeutic 
enoxaparin (n = 29)

Therapeutic UFH 
infusion (n = 23)

p-value

Characteristics, number (%)
 Female 6 (35.3%) 9 (31%) 7 (30.4%) 0.940
 Male 11 (64.7%) 20 (69%) 16 (69.6%)
 Age, median (IQR) (years) 59 (46–61) 59 (51–65) 62 (56.5–69) 0.277
 BMI, median (IQR) (kg/m2) 32.1 (28.4–40) 28.3 (24.8–32.4) 31.2 (28.1–33.6) 0.239
Comorbidities, number (%)
 Previous VTE 0 (0%) 1 (3.4%) 1 (4.3%) 1.000
 Diabetes mellitus 5 (29.4%) 14 (48.3%) 18 (78.3%) 0.007
 Hypertension 8 (47.1%) 12 (41.4%) 14 (60.9%) 0.369
 Previous CVA 0 (0%) 0 (0%) 3 (13%) 0.046
 Ischemic heart disease 0 (0%) 1 (3.4%) 5 (21.7%) 0.030
 Heart failure 0 (0%) 1 (3.4%) 5 (21.7%) 0.030
 Atrial fibrillation 0 (0%) 0 (0%) 1 (4.3%) 0.579
 CKD 0 (0%) 0 (0%) 11 (47.8%) 0.001
Coagulation parameters, median (IQR)
 INR (0.8–1.3) 1.1 (1–1.2) 1.1 (1.1–1.2) 1.2 (1.1–1.2) 0.290
 aPTT (25–39 s) 37.7 (34–44.9) 37.1 (33.4–48) 56.9 (50.7–78) <0.001
 Current fibrinogen (2–4 g/L) 7.1 (5–8.3) 6.6 (5–7.6) 5.9 (4.5–6.5) 0.614
 Current D-dimer (0.22–0.45 mcg/mL FEU) 2.3 (1.4–4.7) 1.9 (1.3–3.4) 3.8 (2.8–5.6) 0.019
 Peak D-dimer (0.22–0.45 mcg/mL FEU) 3.8 (3.3–12.7) 5.4 (3–15.8) 13.8 (6.5–19.7) 0.107
 Platelets (×10³/μL) 320 (184–368) 385 (308–466) 208 (182.5–279) <0.001
Medications, number (%)
 Aspirin 1 (5.9%) 7 (24.1%) 6 (26.1%) 0.295
 Plavix 0 (0%) 2 (6.9%) 3 (13%) 0.355
 Pressors 3 (17.6%) 10 (34.5%) 19 (82.6%) <0.001
Complications, number (%)
 Bleeding 2 (11.8%) 6 (20.7%) 6 (26.1%) 0.599
 Arterial thrombosis 0 (0%) 0 (0%) 1 (4.3%) 0.579
 VTE 0 (0%) 2 (6.9%) 4 (17.4%) 0.184
 AKI 5 (29.4%) 11 (37.9%) 18 (78.3%) 0.003
 CRRT 1 (5.9%) 1 (3.4%) 17 (73.9%) <0.001
 Invasive MV 7 (41.2%) 14 (48.3%) 23 (100%) <0.001
Cytokine storm markers, median (IQR)
 LDH (84–246 unit/L) 701 (608–880) 717 (599–978) 814 (473–1040) 0.946
 Ferritin (13–150 mcg/L) 1828 (1367–3801) 1580 (783–4500) 2896 (1065–8542) 0.240
 CK (26–192 unit/L) 177.5 (97–379) 266 (97–452) 580 (252–1702) 0.017
 Procalcitonin (0.0.2–0.1 ng/mL) 0.2 (0.1–2) 0.4 (0.2–1.6) 4 (0.5–9.3) 0.011
 IL-6 (1.5–7 pg/mL) 174.5 (57.4–1552) 172 (104.2–266) 151 (113.5–224.4) 0.707
 CRP (<10 mg/L) 191 (171–226) 231 (176–318) 207.5 (107–291) 0.217
 Peak fibrinogen (2–4 g/L) 7.5 (6.3–8.9) 7.6 (6.4–7.9) 7.8 (6.1–8.5) 0.997
Outcomes
 ICU length of stay, median (IQR), days 15 (9–23) 16 (11–26) 26 (19–31.5) 0.012
 ICU mortality, number (%) 6 (35.3%) 11 (37.9%) 19 (82.6%) 0.002

AKI: acute kidney injury; aPTT: activated partial thromboplastin time; BMI: body mass index; CK: creatine kinase; CKD: chronic kidney disease; CRP: 
C-reactive protein; CRRT: continuous renal replacement therapies; CVA: cerebrovascular accident; eGFR: estimated glomerular filtration rate; INR: 
international normalized ratio; IQR: interquartile range; LDH: lactate dehydrogenase; IL-6: interleukin-6; MV: mechanical ventilation; VTE: venous throm-
boembolism.
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Comparison of patients among the three AC 
regimens

Patients in the UFH group had significantly higher D-dimer 
levels, and significantly lower platelet counts at the time of 
anti-FXa sampling compared with the other two groups. All 
patients in this group were on invasive mechanical ventila-
tion, 19 (82.6%) were on pressors, and 18 (78.3%) devel-
oped acute kidney injury (AKI), with 17 (73.9%) requiring 
continuous renal replacement therapy (CRRT). These 
patients had higher procalcitonin levels compared with the 
other two regimens. Moreover, they had significantly longer 
ICU length of stay and ICU mortality (Table 1).

Anti-FXa level targets

Fewer than one-third of the patients (n = 22; 31.8%) achieved 
the target range level of anti-FXa. The majority of patients 
on each AC regimen had anti-FXa levels, either below or 
above the expected range (Table 2). Patients who received 
UFH infusion were more likely to have subtherapeutic anti-
FXa levels (78.2%), despite having a therapeutic (56.5%) or 
supratherapeutic (21.7%) aPTT level. None of the patients 
on UFH infusion had anti-FXa levels above the expected 
range. Patients receiving the two enoxaparin regimens had 
varied anti-FXa levels and did not show a predominant dis-
tribution in any of the three anti-FXa range groups.

Biological factors and anti-FXa levels

To elucidate the possible influence of various biological fac-
tors, we compared the three anti-FXa groups according to base-
line demographics, comorbidities, coagulation parameters, 
inflammatory and cytokine storm markers, and pharmacologi-
cal interventions (Supplemental Table 2). The only association 
observed among the three groups was for IL-6 levels, which 
were significantly higher in both the “above the expected 
range” and “below the expected range” groups compared with 

the “within the expected range” group (Figure 2). None of the 
patients had hyperbilirubinemia or hypertriglyceridemia suffi-
cient to affect anti-FXa levels.

Bleeding complications

Major bleeding episodes occurred in 14 (20.3%) patients, 6 
in each therapeutic AC regimen, and 2 in the high-dose pro-
phylactic enoxaparin regimen. The major bleeding incidents 
were more frequent in the “below the expected anti-FXa 
range group” (Table 1), although the difference did not reach 
statistical significance.

Six (43%) patients with bleeding events were receiving 
UFH (Table 2 and Supplemental Table 3). Despite having 
therapeutic aPTT levels, anti-FXa levels were below target. 
Among all patients with bleeding, eight had gastrointestinal 
(GI) bleeding; two had intramuscular hematomas, one had a 
subdural hematoma, and one had massive epistaxis. One 
patient in the “above the expected range” group had a 4-g/dL 

Table 2. Comparison of the three anti-FXa groups according to the anticoagulation regimen and bleeding and thrombotic 
complications.

Anti-FXa within 
the expected range 
(n = 22)

Out of expected range (n = 47) p-value

 Anti-FXa above the 
expected range (n = 10)

Anti-FXa below the 
expected range (n = 37)

Anticoagulant regimen, number (%)
 High-dose enoxaparin prophylaxis 5 (29.4%) 5 (29.4%) 7 (41.1%) 0.125
 Therapeutic enoxaparin 12 (41.3%) 5 (17.2%) 12 (41.3%) 0.215
 Therapeutic UFH infusion 5 (21.7%) 0 18 (78.2%) 0.007
Complications, number (%)
 Bleeding 3 (13.6%) 1 (10%) 10 (27%) 0.415
 Arterial thrombosis 0 (4.5%) 0 (0%) 1 (2.7%) 0.463
 VTE 3 (13.6%) 0 (0%) 3 (8.1%) 0.602

UFH: unfractionated heparin; VTE: venous thromboembolism.

Figure 2. Interleukin-6 level according to anti-FXa levels.
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drop in hemoglobin. Although strongly suspected, the source 
of bleeding could not be identified (relevant investigations 
excluded intra- and extravascular hemolysis). The three 
patients in the “within the expected range” group had upper 
GI bleeding. None of the 14 cases had either a fatal bleed or 
required an invasive intervention.

Thrombotic complications

Seven patients (10.1%) developed thrombosis (Table 2 and 
Supplemental Table 4). The majority of these patients were 
receiving UFH (n = 5; 71.4%). One patient developed arterial 
thrombosis in the form of acute lower limb ischemia. The 
majority of patients had anti-FXa levels below the expected 
ranges (n = 4; 57.1%). No thrombotic episodes were observed 
in the enoxaparin high-dose prophylactic regimen.

ICU length of stay and mortality

Thirty-six (52%) patients died. ICU length of stay was longer, 
and ICU mortality was higher in the UFH group. There were 
no significant mortality differences in the three subgroups 
based on anti-FXa target levels (Table 2, Figure 3, and 
Supplemental Table 2).

Discussion

Variable responses and possible resistance to anticoagulants 
contribute to the high thrombosis incidence among critically 
ill COVID-19 patients who are admitted to the ICU,5,15 and 
there is a paucity of data that can inform the optimum AC 
dose for COVID-19 patients.16 Clinicians need a practical 
test to guide AC optimization, especially if higher doses are 
used than those included in standard regimens. Monitoring 
anti-FXa activity has been suggested to allow improved titra-
tion of low molecular weight heparin (LMWH) and UFH 
doses in non-COVID-19 patients.9

To our knowledge, this is the first study to evaluate anti-
FXa in critically ill COVID-19 patients receiving three dif-
ferent AC regimens and correlate biological factors and 
cytokine storm markers with anti-FXa levels. Fewer than 
one-third of the patients achieved anti-FXa levels within the 
typically acceptable target levels, while most values were in 
subprophylactic and subtherapeutic ranges.

We also observed that patients receiving therapeutic UFH 
infusion were less likely to achieve anti-FXa target levels 
despite having concomitant therapeutic aPTT levels. 
Spontaneously and falsely elevated aPTT levels have been 
observed in severe COVID-19 cases. For example, in a case 
series reported by Bowles et al.,17 20% of their patients had 
elevated aPTT levels, of which 91% had lupus anticoagulant. 
Consequently, clinicians responding to aPTT levels might 
withhold or reduce the intensity of AC due to perceived over-
AC and fear of bleeding.17

We are unaware of a universally accepted anti-FXa refer-
ence range for the high prophylactic dose of enoxaparin. We 
believe that the reference range we used during our analysis 
(0.2–0.4 IU/mL), which we compiled from multiple trials 
that used a maximum enoxaparin dose of 30 mg twice daily, 
might be suboptimal. Nevertheless, despite higher than usual 
doses of enoxaparin for VTE prophylaxis, 41% of patients in 
the high-dose enoxaparin group had anti-FXa levels <0.2 IU/
mL. Likewise, 41% of the patients on therapeutic enoxaparin 
AC had subtherapeutic anti-FXa levels (<0.6 U/mL).

Our data support two small recent reports of anti-FXa 
guided AC therapy in COVID-19 patients. Vlot et al.12 stud-
ied 16 COVID-19 patients admitted to the ICU, who 
received 5700 IU nadroparin twice daily, which is almost 
four times the regular thromboprophylactic dose. They con-
cluded that anti-FXa was within the target range of pharma-
codynamic endpoints, while viscoelastic tests demonstrated 
a procoagulant pattern.12 Similarly, in a letter to the editor, 
Dutt et al.13 reported that 95% of 20 COVID-19 patients 
requiring intensive care had subprophylactic anti-FXa lev-
els while receiving a prophylactic dose of enoxaparin com-
pared with 27% of 22 COVID-19 patients admitted to the 
ward.

We examined additional possible associations with anti-
FXa levels. In the absence of discrepancies in preanalytical 
and analytical factors due to environmental conditions and 
technique, biological and inflammatory factors are the main 
elements to affect anticoagulant pharmacokinetics. Common 
biological factors known to affect anti-FXa levels include 
increased acute-phase reactants, inflammatory markers, 
impaired renal function, severe hyperbilirubinemia, and 
extremes of age, and weight.18 In addition, there is concern 
that the use of vasopressors may reduce the effectiveness of 
LMWH. Critically ill patients receiving vasopressor support 
were found to have significantly lower anti-FXa levels than 
patients who were not.19 The likely mechanism is decreased 
absorption of LMWH from the subcutaneous tissues due to 
reduced perfusion. This could have contributed to low anti-
FXa levels in some of our patients.

Figure 3. All cause 28 days mortality according to anti-FXa 
levels.
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Due to the myriad factors that can contribute to subpro-
phylactic and subtherapeutic anti-FXa levels in critically ill 
patients, we further divided the cohort into three groups 
according to anti-FXa levels to better understand the role of 
biological factors and inflammatory markers. We observed a 
significantly elevated IL-6 level among patients who failed 
to achieve a target anti-FXa level. Cytokine storm is recog-
nized as a hallmark of severe COVID-19 infection; there-
fore, IL-6 became strongly implicated in the pathophysiology 
of COVID-19, and several clinical trials are examining the 
potential use of IL-6 receptor antagonists to divert the course 
of the disease.20–22 A systemic review that compared IL-6 
levels in severe and non-severe COVID-19 cases found that 
mean IL-6 levels were more than three times higher in 
patients with complicated COVID-19 than in those with a 
non-complicated disease and that IL-6 levels were associ-
ated with an increased risk of mortality.23 The elevated IL-6 
levels in our patients suggest an excessive inflammatory 
response and more severe disease, which likely contributed 
to the non-optimal levels of anti-FXa.

Our 10% incidence of arterial and venous thrombosis was 
lower than that of earlier studies, which reported a thrombo-
sis incidence of 20%–30%.24,25 The higher doses of prophy-
lactic or therapeutic AC administered to our patients may 
explain our decreased incidence of thrombosis, which is in 
keeping with the more recently reported radiographically 
confirmed VTE rate of 4.8%, and overall thrombosis rate of 
9.5% in COVID-19 patients.26 We acknowledge that the 
absence of evidence is not evidence of absence; the lack of 
routine VTE screening in our ICUs while relying on clinical 
suspicion to look for possible VTE might have contributed to 
the underdiagnosis of possible thrombotic events.

Twenty percent of our patients suffered bleeding compli-
cations. Although we could not establish an explicit time-
based correlation between the anti-FXa levels and the 
bleeding in many of the patients, bleeding was far more com-
mon among patients who received therapeutic compared 
with prophylactic AC. A previous meta-analysis for the non-
COVID population reported that the risk of bleeding with 
therapeutic doses of enoxaparin was four times higher than 
with prophylactic doses, especially in patients with renal 
impairment.27 Some recent studies in critically ill COVID-19 
patients also reported significant bleeding complications, 
particularly in those receiving therapeutic doses of AC.28,29

Interestingly, we observed only one bleeding episode 
among the patients with supraprophylactic or supratherapeu-
tic anti-FXa levels. Instead, bleeding incidence was the high-
est among patients whose anti-FXa levels were below target, 
although the difference among anti-FXa target groups did 
not reach statistical significance. Apart from the therapeutic 
doses of AC, other confounding factors might have contrib-
uted to the bleeding incidents, including gram-negative sep-
sis in four patients, thrombocytopenia in two patients, and 
concomitant antiplatelet therapy in three patients. Although 
those patients had a major bleeding episode based on the 
International Society of Haemostasis and Thrombosis 

(ISHT) criteria, none of the 14 cases had fatal bleeding or 
required an invasive intervention.

Our findings indicate that the conventional target ranges 
for anti-FXa levels may not be appropriate for COVID-19 
patients, particularly for those receiving therapeutic doses of 
AC. In addition, although higher intensity AC might be 
advantageous for reducing thrombotic events, it appears to 
enhance bleeding risk even in patients with subprophylactic 
and subtherapeutic anti-FXa levels, and underscores the need 
for a thorough evaluation of bleeding risk in these patients.

Reported ICU mortality for patients with COVID-19 var-
ied among studies and ranged from 34.0% to 49.7% in a 
recent meta-analysis.30 Our ICU mortality was similar among 
groups based on anti-FXa status; however, the mortality rate 
was higher for patients who received therapeutic UFH com-
pared with the other two AC groups. This difference is likely 
multifactorial, with UFH patients being sicker, having more 
comorbidities, with a higher incidence of AKI, pressors uti-
lization, and invasive mechanical ventilation in addition to 
higher procalcitonin levels, which may indicate coexisting 
bacterial infection.

This study has some limitations. Apart from being retro-
spective, our groups are small, and we could not perform sam-
ple size calculation, which precludes reaching firm conclusions. 
With the small numbers, this study was underpowered to test 
for all relevant covariate interactions reliably. Furthermore, the 
variation in anti-FXa activity among groups did not lead to dif-
ferences in ICU length of stay or ICU mortality, which may be 
more clinically meaningful endpoints. These results should be 
validated in larger prospective studies.

Conclusion

Patients with COVID-19 are at increased risk of thrombosis 
as well as at enhanced risk of bleeding. There is an urgent 
need to define effective pharmacological thromboprophy-
laxis regimens for the management of COVID-19 patients 
admitted to ICU to reduce the risk of thrombosis without 
significantly increasing the risk of bleeding. Conventional 
anti-FXa ranges may not be appropriate as a predictive sur-
rogate for bleeding in COVID-19 patients, particularly 
those receiving therapeutic AC. Given the bleeding risk 
associated with anticoagulants, the preemptive clinical 
decision to initiate therapeutic AC should be individualized 
and tailored for each patient according to thrombosis and 
bleeding risk.
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