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Abstract 

Background: Enoxaparin, a low-molecular-weight heparin, is widely used for 

hospitalized patients for prevention and situations associated with ischemic 

complications due to its anticoagulant and anti-inflammatory effects. This study's 

enoxaparin dosage regimens show adherence to the standard dose in different 

conditions. 

Objective: To review and analyze the adherence to enoxaparin dosage regimens in 

adult hospitalized patients across various clinical conditions, including COVID-19, and 

assess the effectiveness and safety of these dosing practices. 

Methods: This was applied through searching in Scopus, WOS, and PubMed. A 

PRISMA checklist was followed, and a quality assessment was checked. Statistical and 

meta-analysis were conducted using SPSS, Version 28, and the R-4.3.2 package. 

Results:  Seventeen retrospective cohort studies were included in the final analysis. 

Eight studies concerned COVID-19 patients. The total number of patients in the non-

COVID-19 group studies is 28233; 15421 (49%, 0.4-0.59 95% C.I.) of them received 

a standard dose. The total number of patients in the COVID-19 group studies is 54099; 

no patients received a reduced dose, and 38006 (60%, 0.45-0.74 95% C.I.) received a 

standard dose. For non-COVID-19 studies, there is a significant difference in the 

means of patient number percentage received standard dose or reduced dose and those 

received overdose (Sig <0.05, C.I. 95%) in favor of the standard dose or reduced dose 

and no significant difference in the means of patient number percentage received 

standard dose and those received reduced dose (Sig. = 0.56, C.I. =95%). For COVID-

19 studies, there is no significant difference in the means of patient number percentage 

received standard dose and those received overdose (Sig. =0.094, C.I. =95%). 

Conclusion: Using definite tools to determine the most safe and effective enoxaparin 

dosage regimens is required. 
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INTRODUCTION 

Enoxaparin is a low-molecular-weight 

heparin that was first approved in 1993. It 

has an indirect anticoagulant effect as it 

binds to ant-thrombin III, forming a 

complex that irreversibly inactivates 

factor Xa. Factor Xa is involved in the 

normal coagulation pathway by cleaving 

prothrombin to generate thrombin, 

creating a stabilized cross-linked fibrin 

clot [1].  

Enoxaparin is used for prophylaxis of 

deep venous thrombosis in patients 

undergoing surgery, such as hip or knee 

surgery, abdominal surgery, or patients 

suffering from conditions that limit their 

mobility. It can be used for prophylaxis of 

insufficiency complications of non-ST 

elevated myocardial infarction and 

unstable angina. Enoxaparin is also used 

to treat deep venous thrombosis and ST-

elevated and non-ST-elevated myocardial 

infarction. The enoxaparin dose is varied; 

in prophylaxis situations, it ranges from 

20-40 mg as a fixed standard dose, while 

in treatment situations, it ranges from 1-

1.5 mg/Kg. Also, it varies from 0.75-1 

mg/Kg when used in renal patients [1-4].  

It has off-label use in pregnancy or the 

postpartum period for treating venous 

thromboembolism in those with a high 

risk of deep venous thrombosis, a history 

of venous thromboembolism, and a 

history of fetal loss [5].  

During the COVID-19 pandemic, some 

guidelines, like the American Society of 

Hematology, advised using 

supratherapeutic prophylactic doses of 

enoxaparin due to its antithrombotic and 

anti-inflammatory effects [6].  

Enoxaparin is eliminated by first-order 

kinetics and excreted primarily in the 

urine, so its dose is adjusted after 

screening for Creatinine clearance, 

especially in renal patients [7].  

It is mainly administrated by 

subcutaneous route, achieving high 

bioavailability, and it can be 

administrated intravenously. 

Bleeding is a significant adverse effect of 

enoxaparin. Since enoxaparin is usually 

prescribed with other anticoagulants with 

adverse bleeding effects, dosing 

adjustment is crucial.  

Enoxaparin dosage varies according to 

the situation, patient case, weight, renal 

function, and age. Anti-Xa level is 

considered an indicator of the blood level 

of enoxaparin, and it is advised to 

continuously measure it to screen if 

enoxaparin is at a sufficient level or a low 

or high harmful concentration [8].  

The safest and most effective dose of 

enoxaparin is challenging. Many 

physicians may tend to prescribe reduced 

doses. In other cases, like in COVID-19 

patients, the physicians may tend to 

prescribe doses higher than the standard 

doses [6, 9].  

In the current study, enoxaparin dosage 

regimens are examined in different 

retrospective cohort studies of 

hospitalized patients with various 

conditions to demonstrate whether the 

prescribed dosage regimens usually 

adhere to the standard dose as specified in 

the guidelines. 

METHODS 

This systematic review obeyed the 

Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) 

checklist [10].  
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Data Sources and Searches 

A search was done on January 15, 2024, 

via Scopus, Web of Science, and PubMed 

using the search terms “enoxaparin,” 

“dosing,” and “cohort study.” The 

included studies of this review are (1) 

only retrospective cohort studies, as the 

theory depends on screening what is 

simultaneously applied to show the 

behavior of prescribing the dosage 

regimens. (2) Concerning hospitalized 

patients who received enoxaparin for 

different conditions. (3) of adult patients, 

whose age > 18 years. The excluded 

studies were (1) not in English. (2) with 

restricted full text. (3) Duplicates. (4) 

reviews, prospective, or any predesigned 

studies. (5) For outpatients, children, and 

pregnant women. 

Study Selection 

The eligibility of the search results was 

assessed in two stages: title and abstract 

screening, then full-text screening. 

Data Extraction and Quality 

Assessment 

The data that were extracted contained the 

author's name, year of publication, the 

country where the study was conducted, 

the journal that published the study, mean 

age in years, gender (female), monocenter 

or multicenter, patient condition, total 

number of patients involved in each 

study, and number of patients receiving 

reduced dose, standard dose, and 

overdose. Quality assessment was 

checked by a quality scoring system [11]. 

It included a degree of ascertainment; for 

the included studies in this analysis, it was 

retrospective and revised from mono- or 

multi-center records. All of them 

involved all patients received enoxaparin 

in a specific period. The appropriate 

population was selected, and the size was 

recorded. The sample size was mentioned 

and defined. The years of study were 

recorded. General patient characteristics 

were recorded. The included studies 

yielded good quality, with a maximum 

score of 90 points (supplementary table 

1). 

Data Synthesis and Analysis 

The R-4.3.2 package and SPSS, Version 

28, conducted meta-analysis and 

statistical analysis. The percentage of 

patients receiving a reduced dose, a 

standard dose, or an overdose is 

calculated for each study. A one-way 

ANOVA and independent samples T-test 

applied to screen the mean difference 

between the patient groups receiving 

reduced dose, standard dose, and 

overdose. The assumptions of these 

statistical tests were established. 

RESULTS 

Literature Search 

The initial search recognized 261 studies 

from Web of Science, 961 studies from 

Scopus, and 348 studies from Pubmed. 71 

studies were excluded as duplicates, and 

21 studies were not in English. 1478 

studies were screened in the title and 

abstract screening stage. 379 studies were 

excluded as reviews, 634 were not 

available as free full text, and 305 were 

irrelevant. After the complete text 

screening stage, 138 were excluded as 

irrelevant, and 22 studies were assessed 

for eligibility. The final analysis was 

applied to 17 included studies (Figure 1). 
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Figure 1. PRISMA flow diagram 
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Study Characteristics 

Seventeen retrospective cohort studies 

[12-28] were included in the final 

analysis. It was published from 2007 to 

2023. Eight studies concerning COVID-

19 patients receiving enoxaparin during 

hospitalization were published from 2020 

to 2023 [21-28]. Most of the included 

studies were conducted in the USA by 

nine studies. The Hospital Pharmacy 

Journal and the  Journal of Thrombosis 

and Thrombolysis had the most 

significant contributions, with two studies 

for each. All studies were applied to 

adults aged more than 38 years. 10 studies 

were conducted in mono-centers, and the 

remaining seven studies were conducted 

in multi-centers. Patients enrolled in these 

studies had several conditions and 

received enoxaparin mainly for ischemic 

complications prophylaxis during 

hospitalization (supplementary table 2). 

The number of patients enrolled in all 

studies varied from 61 to 50091. 

Proportional meta-analysis 

The included studies were distinguished 

into two groups: nine studies concerning 

several conditions (Table 1) and the 

remaining eight studies concerning 

COVID-19 hospitalized patients 

receiving enoxaparin (Table 2). The R-

4.3.2 package applied proportional meta-

analysis to display the accurate 

percentage for prescribing reduced dose, 

standard dose, and overdose among the 

different dosage regimens in the non-

COVID-19 and COVID-19 groups. A 

random model was used due to the high 

heterogeneity between studies, reaching 

100%. The heterogeneity in this type of 

meta-analysis may not be considered. 

[29]. The total number of patients in the 

non-COVID-19 group studies is 28233; 

8249 (40%, 0.27-0.53 95% C.I.) of them 

received a reduced dose of enoxaparin 

(Supplementary figure 1), 15421 (49%, 

0.4-0.59 95% C.I.) of them received a 

standard dose of enoxaparin 

(Supplementary figure 2), and 4568 

(11%, 0.01-0.23 C.I.) of them received an 

overdose of enoxaparin (Supplementary 

figure 3). The total number of patients in 

the COVID-19 group studies is 54099; no 

patients received a reduced dose; 38006 

(60%, 0.45-0.74 C.I.) received a standard 

dose of enoxaparin (Supplementary 

figure 4); and 16093 (40%, 0.26-0.55 

C.I.) received an overdose of enoxaparin 

(Supplementary figure 5).  

Table 1. Total number of patients, number of patients receiving a reduced dose, standard dose, and 

overdose in non-COVID-19 studies 

Stud

y 

ID 

Author, year total number of 

patients 

reduced 

dose 

standard 

dose 

overdos

e 

 1 Adisak Weerasaksanti 

, 2023 

602 292 255 55 

2 Helena Knox, 2023 419 140 279 0 

3 Abigail Nemeth 

, 2022 

171 48 128 0 

4 Douglas Buckheit 151 88 63 0 
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, 2021 

5 Young R. Lee 

, 2020 

241 16 91 134 

6 Byeol Seo 

, 2018 

564 341 221 2 

7 Todd W. Costantini 

, 2014 

61 43 18 0 

8 Sarah A. Spinler 

, 2009 

15337 4165 8797 2375 

9 Nancy M. Allen 

LaPointe 

, 2007 

10687 3116 5569 2002 

 

Table 2. Total number of patients, number of patients receiving reduced dose, standard dose, and 

overdose in COVID-19 studies 

study ID Author, year total number of patients reduced dose standard dose overdose 

10 Munyaradzi 

Stanley 

Chakabva, 2023 

1786 0 398 1388 

11 Juan Mora-

Delgado, 2023  

461 0 369 92 

12 Kathleen M. 

Andersen, 2022 

50091 0 36060 14031 

13 Ohoud Aljuhani, 

2022 

565 0 380 185 

14 Hasan M. Al-

Dorzi, 2022 

185 0 104 81 

15 Lina H. 

AlLehaibi, 2022 

470 0 373 97 

16 Marco G. 

Mennuni, 2021 

436 0 287 149 

17 Massimo 

Mattioli, 2020 

105 0 35 70 

 

Statistical analysis 

The significance of the difference 

between all groups was screened by a 

one-way ANOVA and independent 

samples T-test, and SPSS, version 28.31, 

applied this [30]. 

For non-COVID-19 studies 

 Patients are classified into 3 groups (1 
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reduced dose, 2 standard doses, and 3 

overdoses) and considered independent 

categorical variables. In contrast, the 

dependent variable was the percentage of 

patients in every study for each group. 

Assumptions of a one-way ANOVA 

statistical test 32 were established, the 

normality of the dependent variable was 

tested by the Shapiro-Wilk test, and the 

data distribution appeared normal (Sig. = 

0.106). The Levene test tested the 

homogeneity of the variances of the 

dependent variable, and the data were 

considered homogenous (Sig. = 0.524). A 

one-way ANOVA statistical test 

indicated a significant difference between 

groups (Sig.< 0.05, C.I. 95%). The Tukey 

post hoc test was conducted to explore 

specific group differences [33]. 

Standard dose group versus overdose 

group 

There is a significant difference in the 

means of patient number percentage 

received standard dose and those received 

overdose (Sig.<0.05, C.I. 95%) in favor 

of the standard dose group.  

Standard dose group versus reduced 

dose group 

There is no significant difference in the 

means of patient number percentages who 

received standard dose and those who 

received reduced dose (Sig. = 0.56, C.I. 

=95%). 

Reduced dose group versus overdose 

group 

There is a significant difference in the 

means of patient number percentage 

received reduced dose and those received 

overdose (Sig.<0.05, C.I. 95%) in favor 

of the reduced dose group. 

 

For COVID-19 studies 

No patients received reduced doses. 

Patients are classified into 2 groups (1 

standard dose, and 2 overdose) and 

considered an independent categorical 

variable, while the dependent variable 

was the percentage of patients in every 

study for each group. Assumptions of 

independent samples T test were 

established, the normality of the 

dependent variable was tested by the 

Shapiro-Wilk test, and the data 

distribution appeared normal (Sig. 

=0.148) [34]. The homogeneity of the 

variances of the dependent variable was 

tested by the Levene test, and the data 

were considered homogenous (Sig.> 

0.05). There is no significant difference in 

the means of patient number percentage 

received standard dose and those received 

overdose (Sig. = 0.094, C.I. =95%). 

DISCUSSION 

The current study aimed to screen 

enoxaparin dosage regimens prescribed 

for adult hospitalized patients, and that 

was done by demonstrating 17 

retrospective cohort studies to see if the 

physicians adhere to the standard dose or 

if the fear of bleeding adverse reaction 

pushes them to prescribe a reduced dose 

or, in some conditions they may intend to 

prescribe doses exceeding the standard 

dose. Eight studies were found 

concerning COVID-19-hospitalized 

patients. The total number of patients in 

the non-COVID-19 group studies is 

28233; 8249 (40%, 0.27-0.53 95% C.I.) 

of them received a reduced dose of 

enoxaparin, 15421 (49%, 0.4-0.59 95% 

C.I.) of them received a standard dose of 

enoxaparin, and 4568 (11%, 0.01-0.23 

C.I.) of them received an overdose of 
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enoxaparin. The total number of patients 

in the COVID-19 group studies is 54099; 

no patients received a reduced dose; 

38006 (60%, 0.45-0.74 C.I.) received a 

standard dose of enoxaparin; and 16093 

(40%, 0.26-0.55 C.I.) received an 

overdose of enoxaparin. The significance 

of the difference between all groups was 

screened by a one-way ANOVA and an 

independent samples T test. For non-

COVID 19 studies, there is a significant 

difference in the means of patient number 

percentage received standard dose or 

reduced dose and those received overdose 

(Sig.<0.05, C.I. 95%) in favor of the 

standard dose group or reduced dose 

group and no significant difference in the 

means of patient number percentage 

received standard dose and those received 

reduced dose (Sig. = 0.56, C.I. =95%). It 

goes with a study for acute coronary 

syndrome patients with basic characters 

that 42.4% and 48.5% of patients, 

respectively, received the recommended 

dose and reduced dose, while only 9.1% 

received an overdose [12].  Another study 

applied to critically ill patients receiving 

enoxaparin for prophylaxis of venous 

thromboembolism; 33.4% of them 

received it at a reduced dose, 66.6% of 

them received it at the standard dose, and 

no patients received an overdose [13]. On 

the other hand, a study showed that in 

morbidly obese patients, 55.6% received 

an overdose, 6.6% received a reduced 

dose, and 37.8% received a standard dose 

[16]. For COVID-19 studies, no patients 

received reduced doses, and there is no 

significant difference in the means of 

patient number percentage received 

standard dose and those received 

overdose (Sig. = 0.094, C.I. =95%). It 

goes with a study, in it  the majority of 

patients received doses exceeded the 

standard dose by 77.7%.21 In another 

study, 66.7% of patients received doses 

that exceeded the standard dose, and only 

33.3% received the standard dose.27 That 

is matched with the American Society of 

Hematology, which advised using 

supratherapeutic prophylactic doses of 

enoxaparin due to its antithrombotic and 

anti-inflammatory effects.35 on the other 

hand, a study showed a decreased 

percentage of patients receiving 

overdoses versus the standard dose 

(19.9% versus 79.1%).22 

The current study showed several 

limitations, as it was restricted to adults 

patients, did not involve children, and 

ignored pregnant women. A huge number 

of screened studies in the title and abstract 

step (634 studies) had restricted access 

and were not involved in the final 

analysis. 

CONCLUSION  

Using definite tools to determine the most 

safe and effective enoxaparin dosage 

regimens is required to guide the health 

care professionals about an accurate 

enoxaparin prescription.  
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