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A B S T R A C T

Covid-19 has affected 16Millions people worldwide with 644 K death as of July 26th, 2020. It is associated
with inflammation and microvascular thrombosis—anticoagulation in widely used in these patients espe-
cially in patients with elevated D-Dimers. The significance of anticoagulation in these patients is not yet
established. We aim to define the anticoagulation pattern and its impact on outcomes (28-day survival,
LOSICU, DVT, and PE and bleeding complications. We also observe if levels of D-Dimers affect the anticoagula-
tion prescription.
Methods: We analyzed data of all consecutive patients with Covid-19 ARDS admitted to ICU retrospectively.
The primary variable of interest was anticoagulation. The daily dose of anticoagulant medication for each
patient was recorded. Survival (28-day survival), Length of stay in ICU (LOSICU), the occurrence of DVT, PE,
or bleeding were primary outcome variables. We also recorded confounding factors with potential impact on
clinical outcomes. We assign Patients to one of the four groups based on anticoagulant dosing during the ICU
(increasing dose, decreasing dose, increase followed by a decrease, multiple changes). We analyze the effect
of different anticoagulation dosing strategies on 28-day survival, LOSICU, the occurrence of DVT, PE, and
bleeding. We also observe if levels of D-Dimers affect the anticoagulation prescription.
Results: The sample includes 149 patients. The most frequently used medication was subcutaneous Enoxa-
parin (85.2%). The Enoxaparin mean dose per day for the whole sample was 49.5 mg + 15.7 (mean + SD).
There was no significant difference in doses of anticoagulants between survivors and nonsurvivors
(62.8 mg + 21.7 mg vs. 61.2 mg + 25.7 mg, p 0.3). Multinomial regression showed no difference in 28-day sur-
vival among four-dose modification (increasing dose, decreasing dose, increase followed by a decrease, mul-
tiple changes). Logistic regression showed that BMI, D-Dimers, platelets, and the use of mechanical
ventilation predict 28-day survival. Kaplan-Meier Survival plots for 4 anticoagulant groups showed no sur-
vival advantage for any anticoagulant strategy. Secondary outcome analysis showed that D-dimer levels sig-
nificantly affect anticoagulants doses.
Conclusion: Prescription of anticoagulation is quite variable in patients admitted to ICU for Covid-19 associ-
ated ARDS. Anticoagulation dosing strategy has no significant effect on 28-day survival, LOSICU, the occur-
rence of DVT, PE, or bleeding.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Covid-19 also called novel coronavirus, has affected 16Millions
people with 644 K death as of July 26th, 2020, worldwide.1 Covid-19
(SARS CoV-2) spread rapidly via person to person contact and attacks
predominantly respiratory system.2 Covid-19 infection is associated
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Table 1
Sample characteristics, categorical variables.

Categorical variables total N = 149 alive N = 63 died N = 86 p value

Gender Male/Female 129/20 53/10 76/10 0.40
Nationalities Local/

Expatriates
140/8 59 80 0.40

Diabetes 70 31 39 0.30
Hypertension 42 18 24 0.50
Coronary artery disease 10 2 8 0.12
Prior Renal impairment 23 5 18 0.03
Outpatient dialysis 11 3 8 0.24
Alcohol user 1 0 1 0.50
Mechanical Ventilation 122 45 77 0.01
Vasopressors use 120 42 78 0.02
Dialysis required in

hosp.
55 13 42 0.01

Bacteremia 64 24 40 0.20
Central line infection 58 22 36 0.25
On AntiCovid-19

Treatment
142 62 80 0.03

Chloroquine 133 60 73 0.01
Ritonavir 58 18 40 0.02
Favipiravir 116 55 61 0.01
Steroids 108 47 60 0.30
Received GI prophylaxis 142 59 83 0.60
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with inflammation and microvascular thrombosis,3-4 as reflected by
elevated markers of inflammation (ferritin, CRP) and D-Dimers,5

respectively. It may cause pulmonary micro-thrombosis,6 leading to a
ventilation-perfusion (VQ) mismatch. Therefore, many such patients
do not respond to lung recruitment maneuvers.7 Studies showed that
anticoagulation in patients with Covid-19 infection who manifest ele-
vated D-dimers might be beneficial.8 Data on anticoagulation in
Covid-19 positive patients is evolving. The results of the studies are
variable, so is the clinical practice. Skeptical physicians used throm-
boprophylaxis dose. Other physicians use markers (D-Dimer level) as
a guide to change the anticoagulation dose. Firm believers use thera-
peutic dose anticoagulation recommended to treat deep venous
thrombosis (DVT) or pulmonary embolism (PE); Enoxaparin 1 mg/kg
subcutaneous every 12 h. The results of different strategies on clinical
outcomes are not known. We aim to determine anticoagulation prac-
tice patterns. We aim to evaluate the impact of varying anticoagula-
tion patterns on clinical outcomes (28-day survival, LOSICU, DVT, and
PE) and bleeding complications.

Methods

We included all patients with confirmed Covid-19 infection
admitted to the ICU of Dubai hospital, retrospectively. We excluded
patients with age <18 years and patients treated with extracorporeal
membrane oxygenation therapy (ECMO). ECMO requires closely
monitored larger dose anticoagulation for ECMO circuit patency. The
primary variable of interest was anticoagulation. Daily doses of anti-
coagulant medication for each patient were recorded for all days of
ICU stay. We assigned patients to one of the four groups (fixed-dose,
increasing amount, decreasing dose, multiple changes in quantities).
Primary clinical outcomes were 28-day survival, LOSICU, and DVT,
PE, and bleeding. The secondary aim was to observe if D-Dimer levels
have any impact on anticoagulant dosing. We also recorded con-
founding factors that may affect clinical outcomes. Demographics:
age, gender, body mass index (BMI), nationality, clinical parameters,
swab positivity for viral DNA, number of swabs, days to turn swab
test negative, days of symptoms, presence of symptoms, cough, fever,
dyspnea, gastric complaints. We also recorded diabetes, hyperten-
sion, coronary disease, renal failure, and outpatient dialysis. We
recorded inpatient clinical data, including vital signs; fever, tachycar-
dia, Blood Pressure, hypoxia, use of oxygen l/m, mechanical ventila-
tion, vasopressors, or inpatient dialysis. Laboratory parameters:
markers of inflammation (CRP, Ferritin, procalcitonin), hematologic
indices (WBC, platelets count), chemistries (electrolytes), and organ-
ism culture studies, including blood cultures bacteremia, were also
recorded since secondary bacterial infection with bacteria impact the
clinical outcome. Anticovid-19 medication therapies; chloroquine,
antivirals, and Steroids were also recorded as they may be significant
confounding factors. We calculated APACHE 2 scores within 24 h of
admission to the ICU to assess illness severity.

Statistical analysis

We assess four anticoagulation practice patterns (Fixed-dose,
increasing dose, decreasing dose, variable quantity) with Multinomial
regression analysis to determine the impact on outcome variables,
28-day survival, and LOSICU adjusting for confounding factors. We
constructed Kaplan-Meier plots to detect survival differences among
these four groups.

Results

The sample includes 149 patients. The sample characteristics are
described in Tables 1 and 2. The practice pattern of anticoagulation is
summarized in Table 3. The most frequently used medication was
subcutaneous Enoxaparin (85.2%). Therefore, all anticoagulation
pattern analyses include Enoxaparin only. Mean dose of enoxaparin
per 24 h for sample was 49.5 mg + 15.7 (mean + SD). There was no
significant difference in dose of anticoagulants between survivors
and nonsurvivors (62.8 mg + 21.7 vs. 61.2 mg + 25.7, p 0.3).

Only 20% of patients have a fixed dose of anticoagulant, while 80%
have changes in doses throughout the ICU stay. Logistic regression
analysis for anticoagulant dose (set versus changing dosage) showed
no impact on 28-day survival (p-value 0.7). Multinomial regression
showed no difference in 28-day survival among four strategies of
dose modification. Kaplan-Meier Survival plot showed no survival
advantage for any group (Fig. 1). Only BMI, D-Dimers, platelets, and
the use of mechanical ventilation predict 28-day survival (Table 4).

For LOSICU, multiple regression analyses showed that anticoagu-
lation doses or patterns do not predict LOSICU. Factors predicting
LOSICU include mechanical ventilation (P=.01) and Lactate (p=.01).

DVT, PE, and bleeding occurrences: no patients had any documen-
tation of DVT or PE. One patient developed retroperitoneal bleeding,
who also had severe thrombocytopenia and renal failure. Another
patient developed significant gastrointestinal bleeding requiring gas-
troscopy and colonoscopies; both patients had treatment with vari-
able anticoagulation doses. Despite the highly variable practice of
anticoagulation DVT, PE and bleeding complications were exception-
ally low in our sample, not enough to make any comparisons among
the four groups.

Linear regression analysis between D-Dimer levels and Enoxapar-
in's average daily dose showed positive interaction (p=.04) (Fig. 2).
Discussion

Venous thromboembolism frequently occurs in patients treated
for ARDS from Covid-19; it is associated with high mortality.9

Patients with Covid-19 suffers from the hypercoagulable state, often
resulting in DVT or PE.10-11 Studies suggest a possible role of lupus
anticoagulant and antiphospholipid antibodies.12 The possible mech-
anism includes activation of the complement cascade and endothelial
dysfunction induced by the virus, with or without the antiphospholi-
pid syndrome, leading to Disseminated intravascular coagulation.13-
14 Nadkarni et al. compared prophylactic and therapeutic anticoagu-
lation in 4389 COVID-19 patients and found therapeutic anticoagula-
tion was associated with lower mortality, though not statistically
significant.15 Paranjpe et al. documented in their sample of mechani-
cally ventilated Covid-19 patients (n = 395) an in-hospital reduction



Table 2
Sample Characteristics continuous variables.

Continuous variables total N = 149 alive N = 63 died N = 86

Mean SD Mean SD Mean SD P value
Age (years) 50.7 11.3 48.5 10.2 52.3 11.9 0.04
BMI (Kg/m2) 27.9 5.4 26.8 6.1 28.8 4.6 0.04
Ferritin (ng/ml) 1806.3 3180.8 1326.9 1030.7 2205.7 4142.0 0.10
D-Dimer (ng/ml) 4.6 9.0 3.2 6.6 5.7 10.5 0.09
Procalcitonin (ng/ml) 2.7 15.5 1.9 7.9 3.4 19.5 0.50
CRP (mg/L) 149.4 105.8 143.9 92.2 154.7 115.0 0.50
Creatinine (mg/dl) 4.2 33.0 1.2 1.4 6.4 43.2 0.30
CPK (units/L) 643.8 1180.5 362.9 552.3 860.0 1460.8 0.01
ABG PH 7.3 0.7 7.2 1.1 7.4 0.1 0.20
PCo2 (Torr) 38.4 14.5 37.5 11.7 39.0 16.0 0.50
PO2 (Torr) 82.1 67.0 68.9 49.3 89.8 74.9 0.09
Lactate (mmol/L) 7.7 41.8 14.8 66.7 3.4 9.1 0.10
Bicarbonate (mEq/L) 21.0 5.1 21.0 5.5 21.1 5.0 0.90
Calcium (mg/dl) 7.2 2.8 7.6 2.5 6.8 3.0 0.10
Magnesium (mg/dl) 2.1 0.3 2.1 0.3 2.1 0.3 0.70
Platelets (103/microliter) 207.6 95.1 223.2 96.8 196.5 93.4 0.09
LOSICU (days) 17.4 13.7 22.7 17.1 14.1 9.9 0.01
LOSH (days) 22.5 16.0 19.3 16.1 13.0 8.9 0.01
APACHE 2 Scores 17.4 7.9 15.3 6.7 18.9 8.4 0.01

BMI-body mass index, CRP-C reactive protein, CPK- creatine phosphokinase.

Table 3
Anticoagulation dosing patterns.

Anticoagulation strategy Total, N live died

Preventive dose 34 11 23
Therapeutic dose 40 19 21
Supratherapeutic 2 0 2
Initially preventive then therapeutic 45 20 25
Initially preventive then supratherapeutic 10 5 5
other patterns 16 6 10
Total 147 61 86
Medication name alive died
Enoxaparin 127 57 70
Combination Enoxaparin and heparin 12 3 9
others 6 1 5
Dose changes alive died
Unchanged (fixed dose) 30 14 16
Dose increased 69 25 44
Dose decreased 5 1 4
Increase followed by decrease 43 21 22
Total 147

Fig. 1. Kaplan-Meier
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mortality (29.1% with therapeutic dose anticoagulation versus 62.7%
in the control group).8 Studies like this during pandemic peak had a
significant impact on anticoagulation practice.

Our clinical observation suggests that anticoagulation prescription
is highly variable in patients treated for ARDS secondary to Covid-19
infection. It ranges from fixed preventive dose, fixed therapeutic
dose, to changing dosages often daily as a physician taking care of
patients also considers a dynamic picture of risk profile as suggested
by daily test results. We found none of these differences impact sur-
vival or LOSICU in our sample. BMI, D-Dimers, platelets, and the use
of mechanical ventilation were the only factors found to affect sur-
vival. Only mechanical ventilation and lactate level predicted LOSICU.
We observe significant differences between lactate and sodium bicar-
bonate levels, most likely from the liberal use of sodium bicarbonate
infusion in emergency department while awaiting a bed in ICU or
CRRT machines for hemodialysis. Therefore, lactate results may not
apply to other populations.

The difference in our results and earlier studies8,15 may be from a
different population, sample size, methodology, and analysis. Studies
plot for survival.



Table 4
Logistic Regression- variables pre-
dicting 28-day survival

Variables Sig.

BMI 0.002
Steroids 0.092
D-Dimer 0.017
Creatinine 0.062
Platelets 0.010
Mechanical ventilation 0.007

Variable(s) entered in the model:
APACHE 2, age, gender, BMI, nation-
ality, diabetes, hypertension, CAD,
renal, dialysis, ventilation, pressers,
dialysis, Bacteremia, line infection,
chloroquine, Lopinavir/Ritonavir,
Favipiravir, Steroids, ferritin, D-
dimer, procalcitonin, CRP, creati-
nine, CPK, ABG PH, PCo2, PO2, lac-
tate, bicarbonate, calcium,
magnesium, GI PRO, platelets,
Mechanical ventilation.
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showing survival improvement did not include several predictors of
survival as we did. Therefore, it may also be possible that they may
have overestimated the survival benefits. Most such studies recorded
anticoagulation on admission day, only assuming it is kept constant
throughout the hospital stay, which may not be accurate. We ques-
tion the survival benefit attributed to anticoagulation when medica-
tion may or may not be used subsequently as our data showed a
highly variable dosing pattern. Conversely, a variable dose of anticoa-
gulation in our study may be why not translating into a survival ben-
efit. A well-designed prospective study should be considered to
address the impact of therapeutic anticoagulation on survival while
considering all significant factors that are urgently required.

We found Body mass index, D-Dimers, platelets, and use of
mechanical ventilation to be a significant predictor of survival in our
study. Others have documented similar results.16-19

The relationship between MV and an increase in LOSICU that our
study documented is apparent and reported by others.20 Similarly,
lactate level, reflective of shock, predicts shorter LOSICU. Studies
have also demonstrated a similar impact of Lactate on outcomes.21

Despite the variable practice of anticoagulation, occurrences of
DVT and PE were low in our sample. Most likely because of the
Fig. 2. Relationship between D-Dimer le
clinician's high threshold for studies requiring visits to the radiology
department when study results were thought less likely to change
the management. Therefore it is expected that we might have missed
DVT and PE. Many patients in our sample eventually died of second-
ary bacterial infection, multiorgan failure, including respiratory and
cardiac failure. Since none of the patients had post mortem studies,
We can not exclude coexistent DVT and PE. Llitjos et al. reported a
remarkably high incidence of DVT (56%) even with therapeutic dose
anticoagulation in severe COVID�19 patients. They studied only 26
patients with severe disease. Their patients had additional risk factors
of higher BMI >30 and had coexisting medical conditions (hyperten-
sion). They also actively screened patients for asymptomatic DVT by
ultrasonography.9

Bleeding rates were meager in our sample, even in the therapeutic
dose anticoagulation group. Others have also reported that bleeding
complications, even in patients with disseminated intravascular coa-
gulopathy, are rare in Covid-19 patients.22

We found that D-dimers level effects anticoagulant doses; This
suggests that D-dimer may be a significant factor for the physician in
the decision for daily dosing of Enoxaparin. Additional factors could
play a significant role; planning invasive procedures, platelet counts,
renal impairment, prothrombin, or activated partial thromboplastin
time. Tang et al. reported that prolong APTT has been reported in
patients with Covid-19,23 which was reported24 as a possible reason
to avoid the use of anticoagulation at both therapeutic and prophy-
lactic doses. D�dimer has been suggested to guide anticoagulant
treatment in COVID�19 patients by experts25 although data to sup-
port this practice in Covid-19 is lacking.

Variability in the anticoagulation pattern has not been docu-
mented before in patients with COVID-19, to our knowledge. Existed
data included anticoagulation practice on admission day only, with-
out any follow up. Our observation suggests that dose is frequently
changed later depending upon clinical conditions (coagulopathy,
renal impairment, thrombocytopenia). Our study highlights the
importance of anticoagulation, its dose variability, and its impact (or
lack of) on clinical outcomes.

We identify the following weakness of our study. A single-center
study with a small sample size in a relatively young patient popula-
tion comprises Asian patients, so the result may not apply to other
communities. A small number of patients in each anticoagulation
strategy group may lack the power to detect survival benefits, pro-
ducing false-negative results.
vels and Anticoagulant daily dose.
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Conclusion

Prescription of anticoagulation is quite variable in patients treated
for ARDS from Covid-19 admitted to ICU. Different patterns of antico-
agulant medication seem not to impact survival. Well-designed pro-
spective studies are urgently required to define this particularly
important therapeutic issue affecting millions of patients.
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