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ARTICLE INFO ABSTRACT

Keywords: Background: Many thrombotic complications are linked to coronavirus disease 2019 (COVID-19). Antithrombotic
Anticoagulants treatments are important for prophylaxis against these thrombotic events.

Thromboprophylaxis Objectives: This study was designed to compare enoxaparin and rivaroxaban as prophylactic anticoagulants in
ngf};alrgm moderate cases of COVID-19 in terms of efficacy, safety, and clinical outcomes.

Rivaroxaban Methods: The study involved 124 patients with moderate COVID-19 (pneumonia without hypoxia) divided into

two groups. The first group (G1) comprised 66 patients who received enoxaparin subcutaneously at a dose of 0.5
mg/kg every 12 h until discharge from the hospital. The second group (G2) comprised 58 patients who received
oral rivaroxaban at a dose of 10 mg once daily until discharge from the hospital. The outcomes evaluated in this
study were as follows: intermediate care unit (IMCU) duration, the number of patients transferred from the IMCU
to the intensive care unit (ICU), ICU duration, the total length of hospital stay, in-hospital mortality, and
thrombotic and bleeding complications.

Results: No significant differences in IMCU duration (p = 0.39), ICU duration (p = 0.96), and total length of
hospital stay (p = 0.73) were observed between the two groups. The percentage of patients requiring ICU
admission after hospitalization was 21.2% in G1 and 22.4% in G2 (p = 0.87). The mortality rate was 12.1% in G1
and 10.3% in G2 (p = 0.76). The proportion of patients who had thrombotic complications was 9.1% in G1 and
12.1% in G2 (p = 0.59). The incidence of mild bleeding was 3% in G1 and 1.7% in G2 (p = 0.64).

Conclusion: Either enoxaparin or rivaroxaban may be used as thromboprophylaxis agents in managing patients
with moderate COVID-19. Either medication has no clear advantage over the other.

1. Introduction cascade and endothelial injury.>*

Many studies on the importance of using anticoagulants in COVID-19

The increased prevalence of coagulation disorders due to coronavi-
rus disease 2019 (COVID-19) has become a worldwide concern;
numerous studies have revealed high mortality rates caused by these
disorders.! Studies have demonstrated an increased incidence of
thromboembolic events in patients with COVID-19.? Many hypotheses
have been proposed to determine the principal pathophysiology for the
progress of a prothrombotic state in COVID-19, including increased in-
flammatory response, leading to the activation of the coagulation

* Corresponding author.

have been conducted; however, the optimal anticoagulant agent for
various cases of COVID-19 has yet to be found. Moreover, the dose, time
of treatment, and how long it takes to get the treatment are not defini-
tively identified." Cytokine storms and hypercoagulability are respon-
sible for the progression to the severe form of COVID-19 and venous
thromboembolism.® Anticoagulant therapy is associated with a reduc-
tion in mortality rates in patients with COVID-19. Prothrombin time
(PT) and D-dimer are predictors of prognosis, and adjusting these
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parameters may be an essential therapeutic aim.® The most common
types of anticoagulants are vitamin K antagonists, direct oral anticoag-
ulants (direct thrombin inhibitors and direct factor Xa inhibitors), and
low-molecular-weight heparin (LMWH). Each of them has a specific
mechanism for inhibiting the formation of blood clots.”

Rivaroxaban is more convenient for patients and clinicians because
of its administration route (oral), its quick start and offset of effect, and
lack of requirement for regular monitoring.® However, its short half-life
negative affects efficacy, and its medication acquisition costs are high.’
LMWH is another anticoagulant drug that is administered subcutane-
ously to inhibit thrombosis and pulmonary embolism. Its mechanism of
action is the inhibition of activated factor X (factor Xa) through binding
to antithrombin.® LMWH has a favorable pharmacokinetic and phar-
macodynamic profile and a reliable anticoagulant effect. However, the
use of this anticoagulant drug can occasionally be accompanied by a
condition known as heparin-induced thrombocytopenia, which is char-
acterized by a decrease in platelet count.'’ Despite the aforementioned
downside, LMWH is the preferred therapy in high-risk patients due to its
little influence on PT and whole blood clotting time and its
anti-inflammatory and antiviral properties.'' Enoxaparin and rivarox-
aban were compared for use as prophylactic anticoagulants in moderate
cases of COVID-19 in terms of efficacy, safety, and clinical outcomes in
this study.

2. Methods

Study design: This study is a randomized clinical trial adopting an
open-label, parallel-group study design. The study was conducted at the
Chest Diseases Department, Minia University Hospital where all medical
assessments were performed. Follow-up was performed by both physi-
cians and clinical pharmacists. The patients were divided into two
parallel groups in a 1:1 ratio.

Patients: Adults aged 18-64 years diagnosed with moderate COVID-
19 according to the management protocol for COVID-19 in Egypt'? and
admitted to the intermediate care unit (IMCU) were deemed eligible for
enrollment in this study. The assessment was performed according to the
inclusion and exclusion criteria (Fig. 1).

All patients were subjected to complete history taking, medical ex-
amination, laboratory, and radiological investigations.

Randomization and procedure: Simple randomization was used. The
sample size was calculated using a sample size calculator program
(version: 2.0.4; Android application) with standard error of 0.05 and
confidence level of 95%. The diagnosis of COVID-19 was confirmed by
positive real-time reverse transcription-polymerase chain reaction (rRT-
PCR) and chest radiology. The patients (n = 124) were randomly divided
into two groups: G1 (n = 66) and G2 (n = 58). G1 received 0.5 mg/kg
enoxaparin every 12 h, and G2 received 10 mg rivaroxaban once daily.
All groups received the standard treatment for patients with COVID-19
according to the management protocol in Egypt.'? The study protocol
was approved by the Ethics Committee of Minia University. Written
informed consent was obtained from the patients or their legal care-
givers after describing this study’s goals and advantages.

Outcomes: Timeline: This study was conducted from the patients’
admission to the hospital until discharge or death. IMCU duration, the
number of patients transferred from the IMCU to the intensive care unit
(ICU), ICU duration, the total length of hospital stay, in-hospital mor-
tality rate, and the rate of patients experiencing bleeding or thrombotic
complications were the outcomes evaluated in this study. Bleeding
complications were classified into the following: severe or life-
threatening (intracerebral hemorrhage or resulting in substantial he-
modynamic compromise requiring treatment), moderate (needed blood
transfusion and not causing in hemodynamic compromise), and mild
(the above conditions do not apply).'*

Statistical analysis: Continuous variables with a normal distribution
were expressed as means + standard deviations. The unpaired t-test was
used to assess the difference between two continuous variables with a
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Inclusion criteria

o Age: from 18 to 64 years

e Confirmed COVID-19 infection using RT-PCR

o Moderate cases of COVID-19 infection

¢ Not be intubated or mechanically ventilated or imminently at risk for same
or ICU admission within 24 hours of enrollment.

e Prothrombin time/international normalized ratio (INR) < 1.5

o Activated partial thromboplastin time (aPTT)/ratio < 1.5

o Platelet count greater than 100,000/mm?

Classification of COVID-19 cases according to severi

Mild: Mild symptoms and normal chest imaging,

Moderate: Pneumonia without hypoxia (positive Imaging and SpO2 > 92%,).
Severe: SpO2 < 92% or Pa02/FiO2 < 300 or respiratory rate > 30 B/M or
lung infiltrates > 50%.

Critical illness: Respiratory failure or septic shock or multi-organ
dysfunction.

Exclusion criteria

o Gastrointestinal bleeding in the past 6 months

o Intracranial bleeding in the past 6 months

o History of impairment of hemostasis

e Uncontrolled diabetes HbAlc levels of > 7%

e Uncontrolled hypertension SBP > 140 or DBP > 90

e End-stage renal failure requiring dialysis

o Creatinine clearance < 10ml/min.

o History of cirrhosis or liver failure, hepatorenal syndrome

o History of atrial fibrillation, flutter or venous thromboembolic event (VTE)
o Currently requiring anticoagulation

o Cancer of any type

o History of immunosuppressant therapy.

o Active bleeding and circulatory shock

o Recent major surgery or severe trauma in the last 3 weeks

e Recent hemorrhagic stroke in the last 3 months.

o Allergy to heparin or Rivaroxaban

¢ Hemoglobin < 9.0 g/dL

o Patients that needed or already on dual therapeutic anticoagulant therapy
® Pregnant women.

Fig. 1. Inclusion and exclusion criteria.

normal distribution. The chi-square test was used to compare two groups
with qualitative data. Pearson’s correlation coefficients were used to
measure the statistical relationship or association between two contin-
uous variables. Differences with p-values of less than or equal to 0.05
were considered statistically significant. The effect size is low if the r
value is approximately 0.1, medium if the r value is approximately 0.3,
and large if the r value is more than 0.5.'* All statistical analyses were
performed and graphs were made using Statistical Package for the Social
Sciences, version 26.

3. Results

Between August 2021 and October 2021, 200 hospitalized patients
with COVID-19 were screened for enrollment. Twelve patients declined
to participate in the study and 64 patients did not meet the inclusion and
exclusion criteria (Fig. 2).

Table 1 shows the baseline descriptive characteristics of the patients.
No significant differences in demographic data, clinical symptoms, and
medical examination and laboratory test values were observed between
the two groups.

This study included 124 patients with moderate COVID-19. Among
them, 72 patients (58.1%) were male and 52 patients (41.9%) were fe-
male. Moreover, 53 (42.7%) patients were living in urban areas and 71
(57.3%) patients were living rural in areas. Ninety-nine (79.8%) patients
were non-smokers and 25 (20.2%) were smokers.

Regarding symptoms, fever was present in 85 (68.5%) patients.
Moreover, among the 124 patients, 88, 59, 49, 19, 17, and 7 had cough,
fatigue, shortness of breath, myalgia or arthralgia, headache, and diar-
rhea, respectively.

The clinical parameters evaluated in this study were respiratory rate
(22.4 + 3.8 breaths/min), oxygen saturation (96 + 1.9), and PaO2/FiO2


https://www.webmd.com/vitamins-supplements/ingredientmono-983-vitamin+k.aspx?activeingredientid=983&amp;activeingredientname=vitamin+k
https://www.webmd.com/dvt/blood-clots
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Enrollment

Assessed for eligibility (n= 200)

Excluded (n= 76)

Not meeting inclusion criteria {n= 21)
Had exclusion criteria (n= 43)
Declined to participate {n= 12)

Randomized (n=124)

|

: { Allocation ] A
Allocated to intervention (n= 66) Allocated to intervention (n= 58)
Received Enoxaparin prophylactic dose Received Rivaroxaban prophylactic
0.5 mg/kg every 12 hours dose10 mg once daily
Y [ Follow-Up ] 3
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (Dead) (n= 8) Discontinued intervention (Dead) (n= 6)
Y Analysis Y
Analysed (n=66) Analysed (n=58)
+ Excluded from analysis (n= 0) + Excluded from analysis (n= 0)

Fig. 2. Flow Diagram of the studied sample.

ratio (351.6 + 22.4).

Table 2 shows no significant differences in IMCU duration (p = 0.39),
ICU duration (p = 0.96), and total length of hospital stay (p = 0.73)
between the two groups (see Fig. 3).

The number of patients who needed to be transferred from the IMCU
to the ICU was 27 (21.8%). Fourteen patients died during hospitalization
(11.3%). Thirteen patients (10.5%) experienced thrombotic events. Mild
bleeding was present in three (2.4%) patients (see Fig. 4).

The number of patients who needed to be transferred from the IMCU
to the ICU after hospitalization was 14 in G1 and 13 in G2 without
significant difference (p = 0.87). The number of patients who died was 8
in G1 and 6 in G2 without significant difference (p = 0.76). Six patients
experienced thrombotic complications in G1, whereas seven patients
had thrombotic complications in G2; the difference between the two
groups was insignificant (p = 0.59). The number of patients who had
mild bleeding was 2 in G1 and 1 in G2 without significant difference (p
= 0.64).

Table 3 shows a significant correlation between length of hospital
stay and C-reactive protein (CRP) (0.75), D-dimer (0.73), and lactate
dehydrogenase (LDH) (0.66) levels with a large effect size; however, no
significant correlation was found between length of hospital stay and
white blood cell (WBC) count (0.006), ESR (0.105), and ferritin levels
(0.04) with a small effect size.

Figure (5) shows that there was a significant correlation between
length of hospital stay and CRP, D-dimer, and LDH levels with a large
effect size; however, no but a non-significant correlation was observed
between length of hospital stay and WBCs count, ESR, and ferritin levels
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with a low small effect size.
4. Discussion

This study found that COVID-19 infection affected males more than
females; this is consistent with the results of a previous study that
revealed higher incidence and mortality rates in males than in females. '
The rate of infection in urban areas in this study was more than that in
rural areas (57.3% vs. 42.7%). These results agree with the findings
reported in another study that revealed that urban counties, on average,
had substantially higher prevalence of COVID-19.'° The proportion of
smokers was 20.2% of the total sample in this study. Several studies have
reported that smoking is one of the causes of COVID-19 infection.'® The
mean duration from symptom onset to hospitalization was 5.5 + 1.9
days, which differs from those reported in many studies as it was 2.62
days in Singapore, 4.41 days in Hong Kong, and 5.14 days in the UK.'”'®

A hallmark of COVID-19 is its wide range of severity, ranging from
asymptomatic infection to life-threatening illness.'® In this study, all
patients with COVID-19 were hospitalized and had moderate COVID-19
(pneumonia without hypoxia), which required admission to the IMCU.
Many variable symptoms of COVID-19 without any significant differ-
ence between the two groups were observed. The most common symp-
toms were fever, cough, fatigue, shortness of breath, myalgia or
arthralgia, headache, and diarrhea. Patients with COVID-19 experience
varying symptoms, and this was evident in several studies.”’>?! Fever,
dry cough, dyspnea, myalgia, sputum, weakness, headache, and chest
discomfort were all usual clinical manifestations of COVID-19
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Table 1 Table 2
Baseline characteristics. Comparison between the outcomes and adverse events in the two groups.
Demographic Total Gl G2 P Outcomes Total Gl G2 P
N =124 (enoxaparin) (rivaroxaban) N=124 (enoxaparin) (rivaroxaban)
N =66 N =58 N =66 N =58
Age (years), mean + SD 42 + 42.4 +12.8 41.5 + 10.6 0.68 IMCU duration (day), 5+1.4 4.9 +1.4 52+ 1.4 0.39
11.8 mean + SD
Gender (male/female) 72/52 40/26 32/26 0.54 Transferred to ICU, n (%) 27 14 (21.2%) 13 (22.4%) 0.87
Residence (urban/rural) 71/53 38/28 33/25 0.94 (21.8%)
Smoking, n (%) 25 12 (18.2%) 13 (22.4%) 0.56 ICU duration (day), 86 +1.9 9.2+1.6 8+22 0.32
(20.2%) mean + SD
Mean time from symptom 5.5+ 1.9 555+ 1.9 5.38 +1.9 0.62 Length of hospital stay 6+ 2.9 5.9+ 3.1 6.1 +2.8 0.73
onset to hospitalization (day), mean + SD

(day) In-hospital mortality, n 14 8 (12.1%) 6 (10.3%) 0.76
Clinical symptoms (%) (11.3%)

Fever, n (%) 85 47 (71.2%) 38 (65.5%) 0.5 Thrombotic events, n (%) 13 6 (9.1%) 7 (12.1%) 0.59
(68.5%) (10.5%)

Cough, n (%) 88 (71%) 49 (74.2%) 39 (67.2%) 0.39 Adverse bleeding events, n (%)

Fatigue, n (%) 59 28 (42.4%) 31 (53.4%) 0.22 Mild bleeding, n (%) 3 (2.4%) 2 (3%) 1(1.7%) 0.64
(47.6%) Moderate bleeding, n 0 0 0 2

Shortness of breath, n (%) 49 26 (39.4%) 23 (39.7%) 0.98 Severe bleeding, n 0 0 0 2
(39.5%) . . . .

Myalgia or arthralgia, n 19 12 (18.2%) 7 (12.1%) 0.35 IMCU, intermediate care unit; transferred to, patients transferred from the IMCU

(%) (15.3%) to the intensive care unit.

Headache, n (%) 17 6 (9.1%) 11 (19%) 0.11 a. No statistics are computed because moderate and severe bleeding is a constant.
(13.7%) N.B. IMCU duration, ICU duration, and length of hospital stay were calculated

Diarrhea, n (%) 7 (5.6%) 4 (6.1%) 3 (5.2%) 0.83 for patients who recovered only after excluding those who died.

Medical examination

Heart rate (beats per 115.6 + 116.9 + 19 114.2 £ 17.3 0.42 . . 29 94 .

minute), mean = SD 18.2 infection. COVID-19 cases rarely had diarrhea or nausea. Most pa-
Systolic B.P. (mmHg), 109.1 + 109.6 + 10.4  108.5 + 10.5 0.56 tients first present with one or more symptoms. A considerable number

mean + SD 10.4 of infected individuals experienced variable symptoms, such as wide-
DlaStOl‘ciBgD(mmHg)’ 723+£5 727 £47 71.8 +5.27 0.35 spread weakness and headache. Some patients with COVID-19 had

mean N . . . .
Respiratory rate (breaths/  22.4 & 994 438 2241 4 3.8 0.94 obvious upper respiratory tract complaints (e.g., rhinorrhea, sneezing,

min) 3.8 or sore throat), whereas others had not, suggesting that the receptors are
Oxygen saturation, mean ~ 96 +1.9  96.1+1.9 95.9 +1.9 0.57 found in the lower airway according to prior findings.?**’

+SD In this study, the mean hemoglobin level was 14.8 g/DL; other
Pa02/FiO2 ratio, mean + 351.6 + 354.6 + 24 348.24 + 20 0.12 . . . .

D 2.4 studies revealed that anemia and altered iron homeostasis were common
Laboratory tests ' in hospitalized patients with COVID-19, and initial anemia was associ-
HbAlc (%), mean + SD 67+12 6.6+13 6.674 + 1.2 0.84 ated with increased mortality.’® There was neither leukocytosis nor
RBC (10°/pL), mean + SD 4.8 +0.6 4.8 +0.54 4.8 £+ 0.62 0.1 leukocytopenia in most cases in this study, and another study supported
HT‘;’SI"]’“‘ (g/dL), mean 147'8 * 148 +1.7 147 £1.7 0.67 this result and showed that in the early stages of COVID-19 infection,
WBC (10°/uL), mean + SD 7.2+ 1.8 7.3+ 1.8 71419 0.55 when symptc')ms are non-spezcglﬁc, peripheral WBCs and lymphocytes are
Platelets (10°/uL), mean 281.8 + 288.2 + 72.5 2745+ 73.2 0.3 normal or slightly lowered.”” In one study, the lymphocyte count was

+SD 72.8 lower in patients with acute respiratory distress syndrome (ARDS), those
ALT(U/L), mean + SD 243 + 23.4+98 254 +10.8 0.29 with severe illness who needed ICU admission, and those who died.*’

10.3 P ..
At the beginning of the COVID-19 pandemic, it has been clear that
AST(U/L), mean + SD 31.8 + 30.9 + 14.6 32.8 +13.8 0.48 8 & . p i .
14.2 coagulopathy and thromboembolism are common among hospitalized
Serum Albumin (g/dL), 32+14 31+15 32413 0.8 and severely sick patients.>’ Coagulopathy with elevated plasma con-
mean + SD centrations of D-dimer is associated with increased COVID-19 mortality
Urea (mg/dL), mean £ SD ‘1‘42‘1 + 14.5 £ 4.05 13.6 £ 4.3 0.24 even in the absence of a clinical diagnosis of thromboembolism.>
Creatinine (mg/dl), mean 1 < 0.2 11402 1402 0.55 P9stmortem findings from patlents.w1th COVID-19 have C!err}onstrated .a
48D high frequency of pulmonary microvascular platelet-fibrin thrombi,
ESR (mm/h), mean + SD  34.4 + 36.2 £ 13.6 32.2 +13.4 0.1 suggesting that coagulopathy contributes to respiratory failure and
13.6 death in COVID-19 even in the absence of a clinical diagnosis of
CRP (mg/L), mean + SD 54+27 5429 59+25 0.06 thromboembolism. 3334
D-dimer (ng/mL), mean 259.8 + 245.6 + 139 275.8 + 114 0.19 . T . .

4 SD 128 In this study, a significant correlation between CRP, D-dimer, LDH,

LDH (mg/dL), mean + SD  226.6 + 224.3 +553  229.1 +49.2 0.61 and length of hospital stay was found; however, only a weak insignifi-
524 cant correlation between WBC count, ESR, and ferritin levels and length

Fe;)m" (ng/mL), mean + ;‘:g;—r ‘2‘232 + 409.7 £277.7 015 of hospital stay was found (Fig. 5 and Table 3). Several other studies

PT/INR 124 19402 12402 0.43 have reporte(.l sunlla.r results; for examp?e, a Stl.ldy has reporteq tglsat
0.18 abnormally high D-dimer levels are associated with poor prognosis.

aPPT ratio 1.2+ 1.2+0.2 1.2+0.2 0.73 A study showed that D-dimer is correlated with disease degree and is
0.17

SD, standard deviation; BP, blood pressure; PaO2/FiO2 ratio, arterial pO2
divided by fraction (percent) of inspired oxygen; HbAlc, glycated hemoglobin;
RBC, red blood cell; WBC, white blood cell; ALT, alanine transaminase; AST,
aspartate aminotransferase; ESR, erythrocyte sedimentation rate; CRP, C-reac-
tive protein; LDH, lactate dehydrogenase; PT/INR, prothrombin time (interna-
tional normalized ratio); aPPT ratio, activated partial thromboplastin time ratio.
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a dependent prognostic indicator of in-hospital mortality in cases of
COVID-19.>°  High D-dimer levels are associated with
community-acquired pneumonia and its clinical outcomes.>”*® A study
found a link between D-dimer values and illness severity, as measured by
the area of affected lungs on chest computed tomography, oxygenation
index, and in-hospital fatality rates.’® A study reported that D-dimer
levels of more than 1 pg/mL are associated with a higher risk of
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Length of hospital
stay

BGroup 2

Fig. 3. Comparison of the outcomes between the two groups. (Intermediate care unit duration, intensive care unit duration, and length of hospital stay).

Mild
bleeding

Transferred In-hospital Thrombotic

to ICU mortality events

O Group 1 EBGroup 2

Fig. 4. Comparison of the outcomes and adverse events between the
two groups.

Table 3
Correlation between length of hospital stay and some laboratory data.
WBCs  ESR CRP D- LDH Ferritin
dimer
Length of r 0.006 0.105 0.75%* 0.73 ** 0.66** 0.04
hospital P 0.954 0.276 <0.001 <0.001 <0.001 0.681
stay

r, Pearson’s correlation coefficient.
WBC, white blood cells; ESR, erythrocyte sedimentation rate; CRP, C-reactive
protein; LDH, lactate dehydrogenase.

mortality.>> LDH levels were elevated in approximately 40% of the pa-
tients. High LDH levels have been linked to an increased risk of ARDS,
ICU admission, and death.?’

Ferritin levels in patients with COVID-patients have generated
ambiguous outcomes in several studies. Whether it is a bystander or a
true characteristic of the disease is unclear.>® Two studies showed that
ferritin had a little influence in determining ICU admission and the
requirement for ventilation and failed to predict death.*>*' However,
another study and a meta-analysis found that ferritin levels are associ-
ated with fatal illness and death.*>*?

A meta-analysis revealed that high serum CRP, procalcitonin (PCT),
D-dimer, and ferritin levels were associated with poor outcomes,
including death, severe COVID-19, ARDS, and ICU admission, in COVID-
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19 cases. The outcome was unrelated to sex, age, cardiovascular
morbidity, diabetes, and chronic obstructive pulmonary disease."

A retrospective study revealed that high serum CRP levels were
related to 30-day mortality rate,”> whereas some studies revealed
opposite results.***® Moreover, new evidence has revealed that serum
CRP levels might be used in predicting the severity of COVID-19 cases.*’

A meta-analysis concluded that higher levels of inflammatory
markers, such as WBC, CRP, PCT, ESR, interleukin (IL)-6, and IL-10, are
related to the severity of COVID-19 and therefore could be used as sig-
nificant prognostic factors for the disease.”*

The optimal approach for prophylactic anticoagulation therapy in
patients with COVID-19 is under active investigation and remains a
challenging clinical conundrum.? In this study, no significant differences
in the safety or efficacy between enoxaparin and rivaroxaban in pre-
venting in-hospital death, thrombosis, or bleeding were found. Moder-
ate or severe bleeding in patients in either group was not observed.

In this study, no significant differences in the effects between enox-
aparin and rivaroxaban in terms of IMCU duration, number of patients
who required ICU admission, ICU duration, length of hospital stay, and
in-hospital mortality were found. Another study revealed that weight-
adjusted intermediate-dose enoxaparin was not more effective than
standard-dose enoxaparin in preventing death or thrombosis in a pop-
ulation of hospitalized adults with severe COVID-19.%8

Another study examined 150 patients randomized to take enox-
aparin or oral rivaroxaban while hospitalized and after discharge for 28
days. This trial assessed different rivaroxaban doses (i.e., 10, 15, and 20
mg once daily), and the outcomes were combinations of mortality,
mechanical ventilation, intubation, and admission to the ICU.*°

In a randomized clinical trial, therapeutic enoxaparin improved gas
exchange, reduced D-dimer levels, and increased the ratio of weaning
from mechanical ventilation in cases of respiratory failure in COVID-
19.%8

Two other studies have revealed the clinical advantage of anticoag-
ulants in COVID-19 cases. A retrospective study showed a low 28-day
mortality rate in severe COVID-19 cases that received anticoagulant
therapy for 7 days or more, particularly those with increased sepsis-
induced coagulopathy score (>4) or increased D-dimer levels (>3.0
mg/L).>°

In this study, adverse bleeding events were present in only 2.4% of
the patients in the form of mild bleeding. Although COVID-19 is
accompanied by coagulopathy, this condition has a low risk of
bleeding.”! In COVID-19, PT and activated partial thromboplastin time
prolongation is less prevalent than in bacterial-sepsis driven coagulop-
athy, and thrombocytopenia is minimal.’’ According to one study,



A.S. Mohamed et al.

Research in Social and Administrative Pharmacy 18 (2022) 4048-4055

Simple Scatter with Fit Line of WBCs by Total stay in Simple Scatter with Fit Line of ESR by Total stay in
the hospital the hospital
12 60 : '
. .
10 ; l (- . s . 50 * ‘ ' o0 e le
8 e * ) ' i $e -
gel S H I
4 s . » oo ! s
)
2 0 $eqgde .
0 0
(] 5 10 15 20 0 5 10 15 2
Total stay in the hospital Total stay in the hospital
Simple Scatter with Fit Line of CRP by Total stay in Simple Scatter with Fit Line of D-dimer by Total stay
the hospital in the hospital
1 700
.
12 o 600
10 v ’ Giale 0 .. ' - 00 L] o0 )
g8 = ' L8 g w0 T
O 6 . l‘ * T 300 ! """
e g I
4 o. . 200 7 i
2 1. = 100 4 ' . u
! . '
0 0
0 5 10 15 20 0 5 10 15 20
Total stay in the hospital Total stay in the hospital
Simple Scatter with Fit Line of LDH by Total stay in Simple Scatter with Fit Line of Ferretin by Total stay
the hospital in the hospital
400 1000
900 | L 3 .
o 800 | 1sl ' I s
g g 0 $ ! 4 H .
= 600 . .
B o P —
2w g g ; . hy ¢ o
[ [ [
100 200 ' ! . ] [ ] ' N .
b 100 | shodte oy
0 T
0 5 10 15 20 0 5 10 15 2
Total stay in the hospital Total stay in the hospital

Fig. 5. Correlation between total length of hospital stay and some laboratory data.

among individuals who received systemic anticoagulation, 3% had
bleeding incidents, whereas only 1.9% of those who did not receive
systemic anticoagulation had bleeding incidents (p = 0.2).>” In another
study, the overall rate of major bleeding events in patients with
COVID-19 with the most diverse anticoagulation regimes was 4.8%. >

A comparative study between the extended duration of rivaroxaban
and the standard duration of enoxaparin in decreasing venous throm-
boembolism (VTE) involving 8101 patients5 % revealed that the standard
duration of rivaroxaban administration was not inferior to the standard
duration of enoxaparin in terms of VTE inhibition. However, the
extended duration of rivaroxaban use was superior to enoxaparin and
was accompanied by a greater rate of clinically relevant bleeding
complications.””

In another trial, the safety and efficacy of rivaroxaban were
compared with those of enoxaparin in 3173 medically ill hospitalized
patients due to acute infectious disease. That study provided evidence of
the superiority of rivaroxaban over enoxaparin in terms of efficacy
(4.4% vs. 6.6%; RR = 0.50, 95% confidence interval = 0.45-0.92).
However, enoxaparin showed a more favorable profile in terms of
safety.”®

A sub-study of MARINER, evaluating the efficacy of rivaroxaban, as a
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composite of symptomatic VTE, MI, non-hemorrhagic stroke, and car-
diovascular death, revealed a 28% reduction in fatal and non-major
thromboembolic events (1.28% in rivaroxaban vs. 1.77% in placebo).>®

This study has some limitations. First, it was a single-center study, so
the population size should be increased with more demographic loca-
tions. Second, this study was limited to moderate cases of COVID-19.
Third, there was a lack of previous studies on the same research topic.
Finally, this study was not designed to examine long-term outcomes.
Therefore, additional studies are needed to confirm the study findings
and assess the long-term effects of various types of anticoagulant ther-
apies on patients with COVID-19.

In summary, in this open-label randomized trial, a prophylactic dose
of enoxaparin was not more effective than a prophylactic dose of
rivaroxaban in preventing death or thrombosis in hospitalized patients
with moderate COVID-19 and vice versa. These prospective data must be
interpreted in the context of other trials investigating strategies for
thromboprophylaxis in patients with different severities of COVID-19.
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