
Citation: Imbalzano, E.; Orlando, L.;

Dattilo, G.; Gigliotti De Fazio, M.;

Camporese, G.; Russo, V.; Perrella, A.;

Bernardi, F.F.; Di Micco, P. Update on

the Pharmacological Actions of

Enoxaparin in Nonsurgical Patients.

Medicina 2024, 60, 156. https://

doi.org/10.3390/medicina60010156

Academic Editor: Roberto Cirocchi

Received: 17 October 2023

Revised: 10 January 2024

Accepted: 12 January 2024

Published: 15 January 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

medicina

Review

Update on the Pharmacological Actions of Enoxaparin in
Nonsurgical Patients
Egidio Imbalzano 1 , Luana Orlando 1, Giuseppe Dattilo 1 , Marianna Gigliotti De Fazio 1,
Giuseppe Camporese 2 , Vincenzo Russo 3 , Alessandro Perrella 4, Francesca Futura Bernardi 5

and Pierpaolo Di Micco 6,*

1 Department of Clinical and Experimental Medicine, University of Messina, 98122 Messina, Italy;
egidio.imbalzano@unime.it (E.I.); orlandoluana29@gmail.com (L.O.); giuseppe.dattilo@unime.it (G.D.);
mariannagdf89@hotmail.it (M.G.D.F.)

2 General Medicine Department, Thrombotic and Haemorrhagic Disorders Unit, Department of Internal
Medicine, University Hospital of Padua, 35131 Padua, Italy; giuseppe.camporese@aopd.veneto.it

3 Department of Translational Science, University Vanvitelly, 81025 Caserta, Italy; v.p.russo@libero.it
4 Unit Emerging Infectious Disease, Ospedali dei Colli, P.O. D. Cotugno, 80131 Naples, Italy;

alex.perrel@virgilio.it
5 Department of Experimental Medicine, Università degli Studi della Campania Luigi Vanvitelli,

80100 Naples, Italy; francesca.futura.bernardi@gmail.com
6 AFO Medicina, P.O. Santa Maria delle Grazie, ASL Napoli 2 Nord, 80078 Pozzuoli, Italy
* Correspondence: pdimicco@libero.it; Tel.: +39-339-807-8146

Abstract: Low-molecular-weight heparins are a class of drugs derived from the enzymatic depoly-
merization of unfractionated heparin that includes enoxaparin. Several studies have been performed
on enoxaparin in recent years, in particular for the prevention and treatment of venous thromboem-
bolism and for the treatment of acute coronary syndrome. Furthermore, the use of enoxaparin has
been extended to other clinical situations that require antithrombotic pharmacological prevention,
such as hemodialysis and recurrent abortion. In this review, we report the main clinical experiences
of using enoxaparin in the prevention of VTE in nonsurgical patients.

Keywords: low-molecular-weight heparins; enoxaparin; venous thromboembolism; acute coronary
syndrome

1. Introduction

Low-molecular-weight heparins (LMWHs) are a class of anticoagulants derived from
unfractionated heparin (UFH) by chemical or enzymatic depolymerization procedures [1].
In recent years, enoxaparin has been one of the most used low-molecular-weight hep-
arins in the daily clinical management of several conditions. From a biochemical point
of view, enoxaparin is a low-molecular-weight heparin obtained from porcine intestinal
mucosa, and it is able to inhibit the action of several proteases involved in the clotting cas-
cade [2]. It is an acidic mucopolysaccharide formed of equal parts sulfated D-glucosamine
and D-glucuronic acid with sulfamic bridges. Its molecular weight ranges from 3800 to
5000 Daltons (mean molecular weight of approximately 4500 Daltons) [3]. Enoxaparin acts
via binding antithrombin III, accelerating its action toward active proteases of the clotting
system (i.e., factor IIa, factor Xa and so on). By activating antithrombin III, enoxaparin, in
fact, potentiates the inhibition of factor Xa (which catalyzes the conversion of prothrombin
to thrombin) and IIa (preventing the conversion of fibrinogen to fibrin) [4].

Enoxaparin has many fields of application, in particular for the prevention of venous
thromboembolism (VTE) in surgical or in medical patients and for the treatment of VTE
(i.e., deep-vein thrombosis and/or pulmonary embolism) [5–7]. Yet, it has also been used in
the antithrombotic treatment of acute coronary syndrome (administered with antiplatelet
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drugs), including in patients managed medically or with subsequent percutaneous coronary
intervention (PCI) or for prevention of thrombosis during hemodialysis [8–11].

In this review, we report the main clinical indications of the daily use of enoxaparin in
nonsurgical patients.

1.1. Prophylaxis of Venous Thromboembolism

Deep venous thrombosis (DVT) and pulmonary embolism (PE) are the main causes
of preventable death among hospitalized patients during hospitalization or after dis-
charge [12,13]. The most relevant risk factors for VTE are major surgical interventions,
serious traumas, reduced mobility, active cancer, personal history of previous VTE, elderly
age, ongoing hormonal treatment, pregnancy and postpartum, thrombophilic disorders,
acute medical illness such as heart failure or respiratory failures, acute myocardial infarc-
tion, ischemic stroke and acute infections [14,15]. Therefore, primary prevention strategies
can be particularly useful in patients carrying thrombotic risk factors. For these reasons,
strategies to prevent VTE events have been hypothesized since the 1990s to the present
day, with several protocols being developed. Thromboprophylaxis can be divided into
mechanical and pharmacological methods [16,17]. The former includes the early mobiliza-
tion of patients, intermittent pneumatic compression of the lower limbs (IPC), venous foot
pump (VFP) and graduated compression stockings (GCSs). Recommended drugs include
unfractionated heparin (UFH) at a low dosage, low-molecular-weight heparins (LMWHs),
fondaparinux, anticoagulant agents (VKAs) and direct oral anticoagulants (DOACs) (i.e.,
dabigatran, rivaroxaban, apixaban) and acetylsalicylic acid (in selected clinical conditions).

The American College of Chest Physicians (ACCP) guidelines (2012) and the Ameri-
can Society of Hematology (ASH) guidelines (2018) [18,19] divided VTE thromboprophy-
laxis into three categories, with different levels of thromboembolic and hemorrhagic risk:
(1) nonsurgical patients; (2) nonorthopedic surgical patients; and (3) orthopedic surgical
patients. For acutely ill hospitalized medical patients at increased risk of thrombosis, guide-
lines recommend anticoagulant thromboprophylaxis with low-molecular-weight heparins
once daily, low-dose unfractionated heparin (LDUH) twice daily or fondaparinux once
daily (Grade 1B) and suggest against extending the duration of thromboprophylaxis be-
yond the period of patient hypomobility after hospital discharge (Grade 2B). For acutely ill
hospitalized medical patients at low risk of thrombosis, they recommend against the use
of pharmacologic prophylaxis or mechanical prophylaxis (Grade 1B) [18,19]. The updated
2020 ACCP guidelines do not suggest the use of DOACs or VKAs for prophylaxis of VTE
in medical patients or in acute illness.

Several studies are available in the literature regarding the above, in particular regard-
ing the efficacy and safety of LMWHs. THE-PRINCE trial (Thromboembolism-Prevention
in Cardiopulmonary Diseases with Enoxaparin) underlined the efficacy and safety of enoxa-
parin (40 mg once daily) compared with unfractionated heparin (5000 IU three times daily)
for the prevention of venous thromboembolic disease in patients with heart failure or severe
respiratory disease. Enoxaparin was at least as effective as unfractionated heparin in the
prevention of thromboembolic events, with significantly fewer adverse events [20]. Further-
more, the dosages of preventive enoxaparin administered to medical patients underwent
assessment through dedicated trials such as MEDENOX (MEDical patients with ENOXa-
parin) study. This trial not only examined the suitable dosage for thromboprophylaxis
in nonsurgical patients but also provided insights into this matter. It was a double-blind,
randomized, placebo-controlled trial undertaken to evaluate the efficacy of two dosage
regimens of enoxaparin (40 vs. 20 mg) for the prevention of venous thromboembolism in
acutely ill medical patients. The primary outcome was venous thromboembolism between
days 1 and 14. The trial showed a significant reduction in venous thromboembolic events
in the group treated with 40 mg daily compared with the 20 mg group and the placebo
group [6]. These data on safe and effective thromboprophylaxis with enoxaparin were
confirmed also in a further study in acute medical illness [21].
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Regarding the duration of thromboprophylaxis after discharge, the indication for
enoxaparin and other anticoagulants after hospital discharge derives from data reported in
the study EXCLAIM (EXtended CLinical prophylaxis in Acutely Ill Medical patients). The
EXCLAIM trial compared the efficacy and safety of extended-duration thromboprophylaxis
(enoxaparin 40 mg once daily for 28 +/− 4 days) with the standard regimen (enoxaparin
40 mg once daily for 10 +/− 4 days) in acutely ill medical patients with recent reduced
mobility after hospital discharge. The 28 +/− 4 days regimen demonstrated a significantly
reduced incidence of venous thromboembolism and symptomatic VTE (deep-vein thrombo-
sis or pulmonary embolism). The incidence of major bleeding episodes was higher during
the extended-duration prophylaxis phase, but the rates of total events were low, without
any difference in terms of mortality from bleeding in both groups [22].

1.2. VTE Prophylaxis in Oncological Patients

The double association between cancer and thrombosis has been well known since the
first medical report in the 19th century. For this reason, several trials have been conducted
in oncological patients at the beginning of this millennium using several types of LMWHs.

The CLOT study and the CATCH study underlined the reduction in morbidity and
mortality for pulmonary embolism in patients taking LMWHs [23,24]. Yet, since these stud-
ies were published, an increased risk of major bleeding has been reported in particular for
gastrointestinal bleeding vs. placebos. Subgroups of analysis of studies in medical patients
conducted with enoxaparin confirmed the benefits of this class action, so enoxaparin is
frequently used in oncological patients [25].

Yet, with the improvements in oncological care in the last few years, the natural
history of cancer has similarly improved, and for this reason, several editions of the
ACCP guidelines suggest the use of LMWHs for prophylaxis and the treatment of VTE in
oncological patients. In the last edition of the ACCP guidelines, a specific difference was
noted for thromboprophylaxis. Thromboprophylaxis, in fact, is suggested in cases of acute
overlapping illness and for recent surgery or hypomobility in oncological patients, while
for outpatients, routine thromboprophylaxis is suggested during chemotherapy according
to the Khorana score and for patients carrying venous catheters according to the Michigan
score. In any case, the use of pharmacological thromboprophylaxis is suggested when there
is no bleeding risk or active bleeding.

DOACs or warfarin are also suggested for the treatment of VTE in oncological patients.

1.3. VTE Prophylaxis in Inpatients with Ischemic Stroke

The acute treatment of ischemic stroke when possible is indicated for thrombolysis
(mechanical or pharmacological thrombolysis). Yet, for patients for whom thrombolysis
is not indicated for whatever reason, other medical treatments are suggested, which are
mainly based on antiplatelets with an indication for oral anticoagulation if associated with
cardiac arrhythmic diseases.

In other cases for which oral anticoagulation is not indicated, pharmacological throm-
boprophylaxis is suggested, and the use of the PADUA score may help to identify this.

As for other medical illnesses, the use of LMWHs or UFH for VTE prophylaxis is also
advised in the case of acute ischemic stroke. The efficacy and safety of enoxaparin was
compared with that of unfractionated heparin in the PREVAIL (PREvention of VTE after
Acute Ischemic stroke with LMWH enoxaparin) study [26]. In this study, patients with
acute ischemic stroke who were unable to escape hypomobility were randomly assigned
to receive either enoxaparin 40 mg subcutaneously once daily or unfractionated heparin
5000 U subcutaneously every 12 h for 10 days. The trial showed enoxaparin is preferable,
reducing the risk of venous thromboembolism by 43% compared with unfractionated
heparin, with a similar occurrence of any type of bleeding.

Of course, according to data previously reported in the EXCLAIM trial, pharmacologi-
cal thromboprophylaxis may also be prolonged after the acute phase of ischemic stroke after
discharge if hypomobility or other thrombotic risk factors are still present (i.e., a regimen
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of 38 days +/− 4 days of prophylaxis was safer and more effective than 10 +/− 4 days).
These data are relevant because patients after ischemic stroke are usually administered
combined antiplatelet treatment.

1.4. VTE Prophylaxis in Acute Coronary Syndrome with or without PCI

Being an acute medical emergency, acute coronary syndrome (ACS) puts patients
at risk of developing complications such as pulmonary embolism. For this reason, it is
included as a prothrombotic risk factor in the PADUA score in order to flag the possibility
of pharmacological thromboprophylaxis in inpatients treated for ACS. Furthermore, the
current literature also supports the use of enoxaparin in the management of acute coronary
syndrome per se because it may improve the outcome of ACS [27,28]. In several reports,
enoxaparin and other LMWHs showed good efficacy and safety versus UHF and as well
as a placebo. For these reasons, LMWHs play an important role in the treatment of
STEMI, in association with treatment for coronary reperfusion (intravenous thrombolysis
or percutaneous coronary intervention). The ASSENT-3 study compared the efficacy
and safety of Tenecteplase plus enoxaparin (or abciximab) vs. Tenecteplase plus UFH in
patients with acute myocardial infarction (AMI) with onset of symptoms within 6 h. The
results showed that enoxaparin or abciximab regimens reduced the frequency of ischemic
complications [29]. For this reason, administration of enoxaparin was considered to be
better than that of UFH when thrombolytic therapy is required [30]. The validation of this
issue was provided by a larger, randomized, double-blind study, the ExTRACT-TIMI 25
(Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial Infarction Treatment)
study. The primary objective was to determine whether enoxaparin was superior to UFH
as an adjunctive therapy in patients with acute ST-segment elevation myocardial infarction
receiving fibrinolytic therapy. The trial demonstrated the superiority of enoxaparin over
UFH in reducing death and recurrence of non-fatal myocardial infarction at 30 days (the
primary efficacy endpoint), although this benefit was associated with an increase in major
bleeding episodes [31].

These results were also confirmed by trials in which patients with ACS were treated
with PCI. STEEPLE [32] (SafeTy and Efficacy of Enoxaparin in Percutaneous coronary
intervention patients, an internationaL randomized Evaluation) was a randomized open-
label trial undertaken to assess the safety of enoxaparin as compared with unfractionated
heparin in elective PCI. The primary endpoint was the incidence of major or minor bleeding
at 48 h after index PCI (excluding bypass graft bleeding). The main secondary endpoint
was the achievement of therapeutic anticoagulation. A single intravenous bolus of enoxa-
parin 0.5 mg/kg and 0.75 mg/kg was compared with intravenous unfractionated heparin
(adjusted for activated clotting time), and the superior safety profile of enoxaparin injec-
tion was demonstrated. It was associated with reduced major and minor bleeding. A
better reduction in bleeding was obtained with a dose of 0.5 mg per kilogram, while the
0.75 mg/kg regimen was non-inferior to UFH (6.5% vs. 8.5%). The study also showed that
enoxaparin was associated with a major rate of patients achieving target anticoagulation
levels compared with UFH.

The ESSENCE (the Efficacy and Safety of Subcutaneous Enoxaparin in Non-Q-Wave
Coronary Events) trial [33] made a comparison between enoxaparin and unfractionated
heparin in patients with angina at rest or non-Q-wave myocardial infarction. Patients
received either 100 IU of enoxaparin per kilogram of body weight subcutaneously every
12 h or continuous intravenous unfractionated heparin for a minimum of 48 h to a max-
imum of 8 days. All patients received 100 mg to 325 mg of acetylsalicylic acid daily too.
The primary endpoint was the incidence of recurrent angina, myocardial infarction or
death. The results showed a significant reduction in clinical events in the enoxaparin group
compared with the UFH group after 14 days, which remained significant after 30 days. The
need for coronary revascularization procedures at 30 days was also significantly lessened
in the patients assigned to enoxaparin.
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In this clinical setting, data provided by the reported studies underlined that the
administration of enoxaparin in ACS is a relevant part of the complex antithrombotic ther-
apy based on antiplatelet treatment (e.g., single-antiplatelet treatment or dual-antiplatelet
treatment) and is associated with an improved outcome of the disease.

Enoxaparin did not exhibit statistical significance compared with UFH only in the
trial in which inpatients with ACS showed non-ST segment elevation MI. The SYNERGY
trial, in fact, showed the superiority of enoxaparin over UFH in high-risk, non-ST-segment
elevation MI (NSTEMI); there were no significant differences in the rates of death, stroke or
MI at 30 days between the two groups [34].

1.5. VTE Prophylaxis in Obstetric Conditions

VTE is one of the most dangerous complications during pregnancy because it is
associated with increased morbidity and mortality of pregnant women. Pregnancy, in fact,
is per se a thrombotic risk factor and VTE in pregnant women usually occurs because of the
presence of several further thrombotic risk factors such as hypomobility, thrombophilia and
hormonal therapy during pregnancy. A prothrombotic state is present during pregnancy,
and this acquired prothrombotic condition does not end with delivery; VTE, in fact, is also
strongly associated with puerperium. For this reason, thromboprophylaxis with enoxaparin
has been stated to be safe for the prevention of VTE in pregnancy in several cohorts and/or
guidelines [35,36]. Moreover, in the case of overt VTE during pregnancy or puerperium,
enoxaparin is considered in the same guidelines as the first choice of treatment for VTE in
acute and subacute phases of diseases.

Intriguingly, the reported prothrombotic risk factors are associated with pregnancy
not only with an increased incidence of VTE but also with recurrent pregnancy loss or
pregnancy adverse outcomes (i.e., preterm delivery, HELLP syndrome, pre-eclampsia).
Yet, in the obstetric field, there are more cohorts and trials available regarding the safe
use of enoxaparin and the improved obstetric outcome (i.e., live births with a reduction in
miscarriage or pre-eclampsia/growth reduction) [37].

For these reasons, enoxaparin has been determined to be a safe drug in women at risk
of miscarriage or other obstetric complications as far as those at increased risk of VTE, as
judged by experts and guidelines.

1.6. VTE Prophylaxis in Patients with Cava Filters

Chronic obstruction of the ileo-caval veins can be caused by many conditions with
inflammatory, compressive or intraluminal causes. With the aim of the restoration of venous
flow to prevent and treat post-thrombotic syndrome and reduce pulmonary embolism
occurrence, chronic obstruction of the IVC has been historically treated with the ligation
of infra-renal IVC first and then with IVC filters [38]. Modifications in the hemodynamics
of the inferior vena cava (IVC) following the insertion of a filter could potentially elevate
the likelihood of thrombosis [39]. Furthermore, available evidence indicates that IVC
filters amplify the risk of deep-vein thrombosis (DVT) [40]. As a result, it is advisable
to initiate aggressive anticoagulation therapy with enoxaparin promptly upon IVC filter
placement followed by concurrent administration of a vitamin K antagonist (VKA) [41,42].
The therapeutic goal is to achieve an international normalized ratio (INR) within the range
of 2.0–3.0. Research findings have solidified the affirmation that low-molecular-weight
heparin is both safe and efficacious in prophylaxis in this clinical setting; furthermore, the
use of LMWHs in this clinical setting has been demonstrated to be effective for patients
with cancer or pregnant patients [43–45].

1.7. Other Medical Conditions in which Prophylaxis with Enoxaparin Is Frequently Used

The use of prophylactic doses of LMWHs is still suggested in several medical illnesses,
such as inflammatory bowel diseases (IBDs), kidney failure and female infertility.

Yet, although the use of LMWHs in several abdominal diseases is accepted, specific
guidelines are still lacking in particular for IBDs. IBDs, in fact, are frequently associated
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with thrombotic events, and pharmacological prophylaxis with LMWHs is possible during
acute phases of inflammation, according to the PADUA score [46]. Yet, during chronic
phases of inflammation, antithrombotic prophylaxis is not suggested by international
guidelines, and in the majority of cases, this suggestion is dependent on the occurrence of
bleeding events, which are also frequent in the natural history of IBDs.

Furthermore, LMWHs are the golden standard for the acute treatment of abdominal
vein thrombosis (AVT), including portal vein thrombosis secondary to liver cirrhosis [47].
Yet, although LMWHs and in particular enoxaparin have been suggested by guidelines
for the treatment of AVT, there are no specific suggestions for the prevention of these
thrombotic complications with prophylactic doses of LMWHs.

On the other hand, VTE is one of the most common complications in patients with
intracranial hemorrhage [48]. Therefore, after acute bleeding ends, thromboprophylaxis
is usually suggested in any case. LMWHs have been used in several studies without an
increase in fatal bleeding, although specific guidelines are not present [49]. In these cases,
in fact, international guidelines suggest intermittent pneumatic compression as a priority
as opposed to LMWHs.

Moreover, the use of enoxaparin in patients undergoing in vitro fertilization proce-
dures (IVFPs) is frequently suggested by gynecologists. Two different ways of administer-
ing LMWHs are present in this field: prophylaxis of VTE in women at risk for the presence
of thrombotic risk factors and good outcomes of IVFPs regarding successful pregnancy.
There are no guidelines suggesting the routine use of enoxaparin or other LMWHs in this
field. VTE prophylaxis is not suggested for routine use because the rate of VTE events
after IVFPs is very low, while the use of enoxaparin to increase the chance of a successful
pregnancy is not based on the evidence of clinical trials [50].

Another extended field of application of thromboprophylaxis with enoxaparin is
chronic kidney disease (CKD). Being a public health burden, CKD and its complications,
such as venous thromboembolism, atherothrombosis and occlusion of the vascular access
used for chronic hemodialysis, justify the use of long-term prophylaxis of thrombotic
diseases in CKD. Because of renal impairment, the pharmacokinetics of several drugs are
different in CKD. Reduced kidney glomerular filtration requires an adjusted dose of several
drugs during the chronic treatment of chronic diseases. For this reason, direct oral antico-
agulants are not suggested when glomerular filtration is reduced, while administration of
LMWHs or fondaparinux is possible with adjusted doses.

Guidelines for pharmacological thromboprophylaxis suggest regular doses of LMWHs
for prophylaxis in stable CKD, while in the case of glomerular filtrates, less than 20 mL/h
and the occurrence of a VTE, the suggested dose of enoxaparin is 1 mg/kg once daily [51,52].
For patients with end-stage renal diseases for whom hemodialysis is performed routinely,
long-term VTE prophylaxis with LMWHs or with enoxaparin is not suggested by guidelines.
The paucity of literature showing long-term outcomes in this field and the frequent compli-
cations, such as major bleeding, in this setting do not permit long-term administration of
enoxaparin or other LMWHs [53].

1.8. Other Potential Effects of Enoxaparin in Daily Treatment of Medical Illness

The pleiotropic effects of heparins have been discussed for several years. The antiviral,
anti-inflammatory and antimetastatic actions of heparins were already recognized several
years ago in vitro, but their actions in vivo have not been confirmed.

The formation of a cancer-cell-encircling platelet cloak which facilitates metastasis
is well known, and heparins, with their ligand with p-selectin, inhibit these activities
in vitro, as demonstrated with spectroscopy and other experimental models in particular
on melanoma cell lines [54–56].

Although these properties of heparins are well recognized, determining the therapeutic
dose of heparin needed to inhibit metastasis is very difficult. and for this reason. large
trials are still needed.
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Yet, recently, clinical experiences during the pandemic caused by SARS-CoV-2 per-
mitted a better understanding of the anti-inflammatory actions of heparins besides its use
as an anticoagulant. Being a protease inhibitor, heparins also have an anti-inflammatory
pleiotropic effect, with improved outcomes being shown for several cohorts of patients
treated with different doses of enoxaparin or fondaparinux during the pandemic [57–59].

Furthermore, in vitro models have demonstrated that heparins are able to bind SARS-
CoV-2. Heparin, in fact, has a specific ability similar to that of other oligosaccharides and
glycosaminoglycan to bind several types of viruses as they pass through the extracellular
matrix of the respiratory tract, thus reducing the overload and cytolysis of the respiratory
tract [60]. The improved outcomes of inpatients treated with increased doses of heparins
during the pandemic are also probably due to this pleiotropic effect.

2. Thromboprophylaxis in Surgical Patients

We should underline that the use of prophylaxis with enoxaparin for inpatients began
with surgical patients to prevent post-operative VTE. In the last few years, a lot of studies
and trials have demonstrated that several LMWHs are safe and effective in reducing the
rate of post-operative VTE [61].

Enoxaparin showed its efficacy and safety in different trials, such as the ENOXACAN
and ENOXACAN II studies, which showed the efficacy of prophylactic doses of enoxaparin
for 4 weeks after abdominal oncological surgery vs. a placebo in the reduction in VTE in
this clinical setting [62].

Of course, several further studies were performed in this setting, showing the same
efficacy, in particular in abdominal surgery [63].

Similarly, extended thromboprophylaxis with enoxaparin once daily for 4 weeks after
surgery was demonstrated to be effective after major orthopedic surgery at the beginning
of the new millennium, as reported in different studies [64,65].

Along with this prolonged and certified scientific exploration in different clinical
settings in patients with acute surgical and medical illnesses, enoxaparin was also tested in
other studies as a golden standard to prevent primary or secondary VTE and compared
with other anticoagulants, such as direct oral anticoagulants [66–73].

However, subgroups for which enoxaparin or other LMWHs remain valid support
for thromboprophylaxis are summarized in Table 1. The table offers a clinical scenario of
international opinions on the use of enoxaparin or other LMWHs in inpatients in medical or
surgical areas. Herein, we can see enoxaparin remains one of the most used anticoagulant
drugs. It remains a golden standard for oncological patients during hospitalization and also
during chemotherapies for patients with acute illness, infectious diseases (e.g., COVID-19
or bacterial sepsis) and acute thrombotic events of arterial/venous vessels; in these areas,
enoxaparin has proven a high-profile drug, with its efficacy and safety being demonstrated
by several studies conducted over 25 years.

Table 1. Approved clinical conditions for which LMWHs are suggested by international guidelines.

Guideline Indication for VTE Prevention in Inpatients ASH ASCO ACCP NICE

COVID-19 inpatients with respiratory impairment Yes / Yes Yes

Acute medical illness inpatients (according to PADUA score) Yes / Yes Yes

Oncological VTE prevention in medical conditions
(according to Khorana score or Michigan score) Yes Yes Yes Yes

Oncological surgery Yes Yes Yes Yes

Major ortohpaedic surgery Yes / Yes Yes

Traditional orthopaedic surgery Yes / Yes Yes

VTE, venous thromboembolism; ASH, American Society of Haematology; ASCO, American Society of Clinical
Oncology; ACCP, American College of Chest Physicians; NICE, National Institute for Health and Care Excellence.
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In the same way, inpatients in surgical areas found clinical advantages from the use of
LMWHs, and in these fields, enoxaparin’s efficacy and safety have been proven by several
studies in orthopedics and abdominal surgery.

3. Conclusions

In conclusion, a multitude of inquiries have meticulously examined the utility, efficacy
and safety of enoxaparin in thromboprophylaxis for venous thromboembolism among
medical patients. The extensive focus of these investigations has centered on the pre-
vention and management of venous thromboembolism, showcasing enoxaparin’s notable
effectiveness. Moreover, the demonstrably positive outcomes observed in the context of
patients grappling with acute coronary syndrome have been extensively chronicled in the
aforementioned studies. Consequently, the contemporary landscape still testifies to the
widespread use of enoxaparin in various clinical scenarios requiring pharmacologically
guided antithrombotic interventions, and the recent experience of the pandemic indicated
that the clinical application of enoxaparin may increase in the future.
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