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- Administering anticoagulant is critical during the treatment and prevention of the
§ thromboembolic disorders, with Unfractionated Heparin (UFH) and Low Molecular
Z,Weight Heparins (LMWH) being widely used agents due to their potential and
<C anticancer properties. However, while both employ a similar mechanism acting
on thrombin and factor Xa through antithrombin, differ in their pharmacokinetics
and dynamics significantly. A heparin type UFH has a short half-life, needs
frequent visits from the patients for the purpose of monitoring and involves a
higher danger of Heparin-Induced Thrombocytopenia (HIT). In such a way LMWHs
usually guarantee predictable dosage, less demand for regular tests and low risk
of HIT which make them more favourable in advanced medicine practices. This
article compares UFH and LMWHs in terms of effectiveness and safety, differential
dosages and administration for treatment of patients with thromboembolic
events such as DVT, PE and during surgical perioperative interventions. Knowing
the differences of both heparins and its efficiency might be useful for taking the
right decision during therapy and thereby enhancing thromboembolic therapies.
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INTRODUCTION

The market of global heparin was 5.58 billion USD in 2022 and is
expected to register a revenue CAGR of 5.5% during the forecast
period, as shown in Figure 1. More research work is going on due
to its high applicability in varied therapeutics with minimum
side effects, which is the main reason for driving market revenue
growth. UFH and LMWH are two extensively used anticoagulants,
each with its own set of pharmacological properties and therapeutic
applications. UFH—a complex mixture of glycosaminoglycans-
has long been the major therapy option for a variety of
thromboembolic diseases. On the contrary, LMWH, which is
derived from UFH through chemical or enzymatic polymerization,
is becoming increasingly popular in clinical practice due to its more
predictable pharmacokinetic profile and decreased risk of adverse
effects. To optimize anticoagulant therapy and improve patient
outcomes, a detailed understanding of the mechanisms of action,
pharmacological differences and clinical indications of UFH and
LMWH is required [1,2].

HEPARIN MARKET: PRODUCT DYNAMICS (USD BILLION)
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Source: www.emergenresearch com

Fig. 1. Dynamics of heparin product in billion USD.

MATERIALS AND METHODS

Background on heparins

Heparins are anticoagulants that are commonly used during
thromboembolic therapies. They have an anticoagulant effect by
increasing the activity of antithrombin III, particularly thrombin
and factor Xa. UFH and LMWH are critical components of
anticoagulant therapy used during various clinical contexts,
including the treatment of acute coronary syndromes, VTE, surgical
and medical prophylaxis. Understanding their pharmacological
properties, mechanisms of action and therapeutic indications
is critical for maximising their clinical use during practice.
Characteristics of both types have been presented in Table 1.
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Physical characteristics and mode of
action

Tab. 1. Physical characteristics
of heparins

UFH

LMWHs

Molecular size

3,000-30,000 daltons

4,000-6,000 daltons

Source

Derived from animal mucosa (porcine
intestine, bovine lung)

Derived by depolymerizing UFH to
smaller fragments

Mode of action

Binds to AT and accelerates its inhibition
of thrombin and Factor Xa equally

Binds to AT and preferentially inhibits
Factor Xa over thrombin due to
smaller size

Thrombin inhibition

Strong inhibition

Weaker inhibition

Factor Xa inhibition

Moderate

Strong

Pharmacokinetics

Short half-life (~1-2 hours), requires
continuous IV infusion

Longer half-life (~4—6 hours), enables
subcutaneous administration

Plasma protein binding

High (binds to various plasma proteins,
endothelial cells, macrophages, etc.)

Low (less non-specific binding), leading
to more predictable effects

Bioavailability

~30% after subcutaneous administration

~90% after subcutaneous

administration

Onset of action

Delayed (~4 hours) after subcutaneous

Immediate (IV) administration

Clearance

reticuloendothelial system and kidneys

Slower clearance, mostly renal
excretion

Rapid clearance, primarily via

Half-life

30-90 minutes (depends on dose)

3-6 hours (depends on dose)

Importance of anticoagulant therapy

During the management of various thromboembolic disorders,
anticoagulant therapy is used to prevent the formation and
propagation of blood clots which can leads to serious medical
complications, including stroke, MI and VTE. UFH and LMWH
are among the most utilized anticoagulants due to their well-
established efficacy, rapid onset of action and reversibility. UFH, a
heterogeneous mixture of glycosaminoglycans, has been a mainstay
of anticoagulant therapy for decades. Its intravenous administration
allows for immediate anticoagulation in acute settings such as
myocardial infarction, DVT and pulmonary embolism. Despite
the close monitoring of aPTT and the risk of HIT, UFH remains

Unfractionated
heparin

/ Pentasaccnar‘@e\‘

sequence

OAmilhmmbin
\ Low-molecular-
\weiht heparin

Pentasaccharide
sequence

Factor Xa
— —> {
Thrombin
—>

indispensable in scenarios requiring rapid onset and reversal of
anticoagulation [3-5].

LMWH, derived from UFH through chemical or enzymatic
depolymerization, has several advantages like predictable
pharmacokinetic profile, a longer half-life and a reduced risk of
adverse effects like HIT. Subcutaneous administration of LMWH
allows for outpatient management of thromboembolic disorders
and thromboprophylaxis in surgical and medical patients,
contributing to improved patient convenience and adherence to
therapy. Understanding the importance of anticoagulant therapy
and the role of UFH and LMWH in preventing thromboembolic
events is crucial for healthcare providers in optimizing patient
outcomes and reducing the burden of thrombotic complications

Factor Xa
—

Fig. 2. Synthesis of UFH and LMWH.

Overview of heparins

Heparins are a class of anticoagulants widely used as medications
for the prevention and treatment of thromboembolic disorders.
They are derived from porcine intestinal mucosa or bovine lung
tissue made-up of sulfated glycosaminoglycans with a high negative
charge. Heparins exhibit their anticoagulant effects through
the enhancement of ATTII, a naturally occurring serine protease
inhibitor. ATTII binds to heparin and undergoes a conformational

change, leading to the accelerated inhibition of several coagulation
factors, particularly Ila and Xa [8].

LMWH exhibits a more predictable pharmacokinetic profile,
a longer half-life and a reduced risk of certain adverse effects
compared to UFH. Both UFH and LMWH are administered
parenterally and are widely used for the prevention and treatment of
thromboembolic disorders, including DVT, pulmonary embolism
and acute coronary syndromes. UFH is typically administered



Raghu G, et al. A comprehensive review of mechanisms, efficacy and clinical implications of ...

Figure 2 [6,7].
UFH is typically

anticoagulation, whereas LMWH is administered subcutaneously

administered intravenously for acute
for prophylaxis and treatment in outpatient settings. Despite their
widespread use, heparins have limitations, including the need
for monitoring, the risk of bleeding and the potential for HIT.
Therefore, careful dosing and monitoring are essential to optimize

the eflicacy and safety of heparin therapy in clinical practice [9].

RESULTS AND DISCUSSION
Structure and composition

UFH and LMWHs comprise sulfated glycosaminoglycan chains,
though they exhibit notable differences in composition and
molecular characteristics. UFH consists of a heterogeneous mixture
of polysaccharide chains varying in length and molecular weight,
typically ranging from 15 to 20 kDa, with some chains extending
up to 40 kDa. These chains are made up of repeated disaccharide
units of D-glucosamine and either D-glucuronic acid or L-iduronic
acid, often sulfated at various positions, contributing to UFH's
heterogeneity. Conversely, LMWHs, derived from UFH through
chemical or enzymatic depolymerization, feature smaller and more
uniform chains with an average molecular weight between 4 and
6 kDa. While maintaining the disaccharide units present in UFH,
LMWHs exhibit reduced sulfation and a more predictable size
distribution of polysaccharide chains. This modification results in
improved bioavailability and a more consistent pharmacokinetic
profile for LMWHSs compared to UFH, making them favored
options in many clinical settings [10].

Pharmacokinetics and pharmacodynamics

UFH and LMWHs have different pharmacokinetic and
pharmacodynamic profiles due to their differences in molecular
size, composition and mode of administraton. UFH is
administered intravenously or subcutaneously and exhibits variable
absorption, distribution, metabolism and elimination. Its large
and heterogeneous polysaccharide chains interact with various
plasma proteins, resulting in unpredictable pharmacokinetics.
UFH primarily acts by enhancing the activity of antithrombin
III, which inhibits the factors Ila and Xa. Due to its nonspecific
binding, UFH requires aPTT monitoring to maintain therapeutic
anticoagulation levels. UFH has a short half-life and can be rapidly
reversed with protamine sulfate. LMWHs, on the other hand, have
more predictable pharmacokinetics due to their smaller and more
uniform molecular weight. They are administered subcutaneously
and predominantly inhibit factor Xa, with minimal effects on
thrombin. LMWHs carry a reduced risk of HIT and exhibit less
variability in response compared to UFH. Their subcutaneous
administration results in better bioavailability, a prolonged half-life
and a reduced need for monitoring [11-14].

Mechanisms of anticoagulant action

UFH and LMWHs are both widely used anticoagulants with
distinct mechanisms of action. Heparins exert their anticoagulant
effects primarily through binding to ATIII, a natural inhibitor
of coagulation proteases, particularly factor Ila and Xa. Upon
binding to ATIII, heparins induce a conformational change that
enhances its ability to inhibit thrombin and factor Xa. This leads
to the inhibition of converting fibrinogen to fibrin, formation of
thrombin and blood clot formation [15-18].

UFH exhibits rapid onset of action which requires close monitoring
due to its unpredictable pharmacokinetics and variable responses
among patients. LMWHs, on the other hand, have more predictable
pharmacokinetics and can be administered subcutaneously either

once or twice daily dosing regimen, obviating the need for frequent
monitoring in most clinical settings. Additionally, LMWHs have a
more selective inhibition of factor Xa compared to thrombin, which
contributes to their favourable risk-benefit profile in certain patient
populations, especially those with cancer-associated thrombosis.

Inhibitory effects on factors Xa and lla

UFH and LMWHs exert their anticoagulant effects primarily
through the inhibition of factors Xa and Ila. UFH and LMWHs
enhances the activity of ATTII, facilitates the inhibition of factor
Xa, a pivotal enzyme in the coagulation cascade responsible for
converting prothrombin to thrombin. Additionally, these heparins
bind to ATIII, augmenting its inhibitory effect on thrombin.
Thrombin, in turn, plays a central role in converting fibrinogen
to fibrin, the structural foundation of blood clots. The inhibition
of factor Xa and thrombin prevents the formation of stable fibrin
clots, thereby exerting anticoagulant effects. While LMWHs
primarily target factor Xa, they also exhibit some inhibitory activity
against thrombin, albeit to a lesser extent compared to factor Xa
inhibition. This differential inhibition profile contributes to the
distinct pharmacokinetic properties and clinical profiles of UFH
and LMWHs [19,20].

Interaction with antithrombin Il

The interaction with ATTII is fundamental to the anticoagulant
mechanisms of both UFH and LMWHs. Both heparins binds to
ATIII and induce conformational changes, enhancing its inhibitory
activity against key coagulation factors, particularly factors Ila and
Xa. Potentiality of ATIII's inhibitory effect prevents the conversion
of prothrombin to thrombin and inhibits factor Xa activity and
disrupts the formation of fibrin clots. UFH and LMWHs utilizes
this mechanism where LM WHs exhibit a more selective inhibition
of factor Xa compared to UFH. Despite these differences, the
interaction with ATTII remains central to the therapeutic efficacy
of both UFH and LMWHs, highlighting the importance of this

mechanism in anticoagulant therapy [21].

Differences between UFH and LMWH

UFH and LMWHs are both essential anticoagulants used in clinical
practice, but they differ significantly in their pharmacological
characteristics and clinical applications. UFH is made up of varied
polysaccharide chains with different lengths synthesizes LMWHs
through depolymerization, resulting in smaller, more uniform
chains. This variance leads to differences in pharmacokinetics,
as UFH requires frequent monitoring due to its unpredictable
absorption and clearance, whereas LMWHSs has predictable
pharmacokinetics and can be administered in fixed doses without
routine monitoring. Additionally, UFH has a higher risk of causing
HIT compared to LMWHs, making it preferable in certain
patient populations. LMWHSs have a longer half-life and the
bioavailability is high while administered subcutaneously, allowing
for less frequent dosing and simplified administration regimens.
Despite these differences, both heparins exert their effects through
ATIII activity enhancement, thereby leads to inhibit thrombin and
factor Xa. Understanding these distinctions is crucial for selecting
the most appropriate anticoagulant therapy based on individual
patient characteristics and clinical indications [22-25].

Clinical applications and therapeutic monitoring
Clinical applications and therapeutic monitoring of heparins,
including UFH and LMWHs, are crucial aspects of anticoagulant
therapy. These are used to treat and prevent various thromboembolic
disorders, with careful monitoring of their efficacy and safety during
clinical practice. Here's an overview of their clinical applications
and the methods used for therapeutic monitoring (Tables 2 and 3).
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Tab. 2. Clinical applications
and the methods used for
therapeutic monitoring.

Applications UFH LMWH

Extracorporeal Membrane Oxygenation
(ECMO), bridging therapy

DVT prophylaxis in oncology,
perioperative bridging

Off-label uses

Extended DVT prophylaxis in cancer,
reduced osteoporosis risk, new
delivery mechanisms

Strategies to reduce HIT risk, improved

Research areas . R s
formulations with reduced variability

Limited, not typically used for cancer
patients for long-term anticoagulation

Widely used in Cancer-Associated
Thrombosis (CAT), better safety profile

LMWHs widely used for
thromboprophylaxis in non-ICU
COVID-19 patients

Relevance in cancer

Preferred for ICU patients due to its

Relevance in COVID-19 quick onset and reversibility

Newer LMWH formulations, research
into oral Factor Xa inhibitors as
alternatives

Heparin derivatives with improved

Emerging therapies selectivity and reduced side effects

Tab. 3. Clinical applications
and therapeutic monitoring of
heparins.

Field of application UFH and LMWH

DVT and PE patients who are undergoing surgery or immobilized due

Venous Thromboembolism (VTE) prophylaxis to medical illness

Adjunctive therapy in patients with ACS includes unstable angina and

Anticoagulation in Acute Coronary Syndromes (ACS) NSTEMI, to prevent recurrent ischemic events

Transitioned patients from oral anticoagulants (e.g., warfarin) to
invasive procedures or surgery to maintain anticoagulation while
minimizing bleeding risk

Bridge therapy

LMWHs are used for anticoagulation in pregnant women with throm-
bophilia or a history of recurrent pregnancy, loss associated with
antiphospholipid syndrome

Pregnancy and antiphospholipid syndrome

Therapeutic monitoring: Under clinical assessment, in addition
to laboratory monitoring, clinical assessment of bleeding and
thrombotic events, as well as the patient's underlying condition
and comorbidities, is essential for evaluating the safety and eflicacy.

Despite their widespread use and clinical efficacy, they are also
associated with several challenges and limitations in clinical practice
as shown in the Table 4.

Tab. 4. Challenges and

R Lo . Therapeutic implications
limitations in clinical practice. P P

UFH LMWHSs

Minimal monitoring (anti-Factor Xa levels in

Monitoring .
certain cases)

Requires frequent monitoring via aPTT

Dosing Weight-based, variable, requires

frequent adjustments

Fixed weight-based dosing, more predictable

Administration route

Intravenous (continuous infusion) or

Subcutaneous, more convenient for outpatient

subcutaneous therapy
Antidote Protamine sulfate (complete reversal) Protamine sulfate (partial reversal, ~60%)
Risk of hit Higher (up to 5%)

Lower (~0.2-1%)

Risk of osteoporosis

Higher with long-term use

Lower but still present with prolonged use

Use in pregnancy

Safe and not crosses through the
placenta

Safe and preferred during pregnancy to reduce
monitoring needs

Use in renal impairment

Preferred in severe renal impairment, as
itis less renally cleared

Requires dose adjustment or avoidance in
severe renal impairment

Cost

Generally, less expensive

Higher cost

Clinical indications

Acute thromboembolism, cardiac
surgery, dialysis, ECMO

DVT, PE, acute coronary syndrome,
cancer-associated thrombosis, outpatient
anticoagulation
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Efficacy, safety, challenges and limitations

Both UFH and LMWHs are effective in preventing and treating
VTE, including DVT and PE. Clinical trials have shown that
LMWHs have comparable or superior efficacy to UFH, with fewer
bleeding complications and simplified dosing. Safety monitoring
is essential to reduce adverse events such as bleeding, requiring
regular assessments of renal and liver function, medication use
and lab parameters like platelet count and coagulation profiles.
Close communication between healthcare providers and patients,
alongside patient education on bleeding signs and treatment
adherence, is critical for optimizing outcomes. Although LMWHs
have a lower risk of major bleeding than UFH, other adverse effects,
such as alopecia, skin necrosis and hypersensitivity, may occur.
Protamine sulfate partially reverses UFH effects, but no antidote
exists for LMWHs, complicating the management of bleeding in
emergencies. Heparins can also interfere with coagulation tests,
particularly UFH, which may affect results during cardiac surgery.
Finally, LMWHs require subcutaneous administration and poor
adherence to treatment can impact therapeutic outcomes [26-28].

Implications for clinical practice

The use of UFH and LMWHs in anticoagulant therapy has
important implications for clinical practice. LMWHs are often
favored over UFH due to their predictable pharmacokinetics,
lower incidence of HIT and ease of administration. When
selecting therapy, clinicians must individualize dosing based on
patient-specific factors, including renal function, body weight and
underlying conditions. UFH typically requires aPTT monitoring,
while LMWHSs may require anti-factor Xa assays, particularly in
patients with renal impairment or obesity. LMWHs are commonly
preferred for long-term anticoagulation in conditions like VTE
and pregnancy-related thromboprophylaxis due to their reduced
need for monitoring and lower complication rates.

Patient education is crucial, emphasizing correct dosing,
recognizing signs of bleeding or thrombosis and ensuring
adherence to the prescribed regimen. Instruction on self-
administration of LMWH injections is essential to improve
outcomes. Studies comparing LMWHs, such as Dalteparin and
Enoxaparin, with UFH demonstrate that LMWHs are as effective
as UFH in preventing recurrent VTE, with a lower risk of HIT and
bleeding complications. Additionally, the integration of emerging
technologies, such as wearable sensors, point-of-care testing and
personalized drug delivery systems, has the potential to enhance
patient care and anticoagulation management. Multidisciplinary
collaboration among healthcare providers is essential for optimizing
treatment outcomes and ensuring patient safety [29,30].

Clinical outcomes

Clinical outcomes associated with the use of UFH and LMWHs
have been extensively studied in various patient populations and
clinical settings. Both heparins have proven to be highly effective
in preventing VIE in high-risk populations, such as those
undergoing surgery or hospitalized for medical conditions. These
medications significantly reduce the incidence of symptomatic

DVT, PE and VTE-related mortality.

LMWHs are often preferred as the first line of treatment for acute
DVT and PE due to their predictable pharmacokinetics and lower
risk of HIT compared to UFH. Their use leads to the resolution of
acute thrombosis, prevention of thrombus extension and a reduced
risk of recurrent VTE.

Additionally, UFH and LMWHs are commonly used as adjunctive
therapies in patients with Acute Coronary Syndrome (ACS),

including unstable angina and NSTEMI, to prevent recurrent
ischemic events. Clinical outcomes include reduced risks of death,
myocardial infarction or recurrent ischemia, along with improved
overall survival and cardiac function [31-35].

Influencing factors on the patients

Several factors influence the potency of UFH and LMWHs in
inhibiting factor Xa and Ila. UFH consists of varied polysaccharide
chains, while LMWHs have shorter, more uniform chains, giving
them a higher anti-factor Xa to anti-Ila ratio. Both heparins
bind to ATIII, enhancing the inhibition of factor Xa and Ila,
with potency affected by molecular weight and chain length.
LMWHs are administered subcutaneously with fixed dosing and
predictable effects, whereas UFH requires intravenous dosing
with monitoring. LMWHs are cleared by the kidneys, so renal
impairment increases bleeding risk, necessitating dose adjustments.
Body weight influences LMWH dosing, while UFH may require
adjustments in obese patients. Additionally, medical conditions
like liver disease or Disseminated Intravascular Coagulation (DIC)
can alter heparin potency. Drug interactions, including those
with anticoagulants, antiplatelets or medications affecting renal or
hepatic function, may impact heparin efficacy [36].

Laboratory assays

Laboratory assays for assessing anti-factor Xa and Ila (thrombin)
potency are crucial for monitoring the anticoagulant effects of

heparins, including UFH and LMWHs.

Laboratory assays are essential for assessing the anticoagulant
effects of heparins, particularly the inhibition of factor Xa and
thrombin (factor Ila). The anti-factor Xa assay measures factor Xa
inhibition using plasma, factor Xa and a chromogenic substrate,
with reduced color intensity indicating inhibition, which is crucial
for monitoring heparins. Similarly, the anti-Ila assay assesses
thrombin inhibition, commonly used for UFH. Clotting assays
like aPTT monitor UFH by measuring clotting time, while TT
and fibrinogen assays assess clotting dynamics, such as thrombin
inhibitors or fibrinogen activity. Chromogenic assays for both anti-
factor Xa and anti-Ila offer precise quantification by comparing
substrate cleavage intensity to standard curves, with high sensitivity
and specificity, making them ideal for LMWH monitoring.
Standardization and calibration are vital to ensure accuracy and
consistency across laboratories, using reference materials and
routine instrument adjustments [37].

A challenge in developing a faster ion chromatography method
with suppressed conductivity detection between LMWHs and
anion exchangers, which hindered elution. Advanced analytical
methods are needed to continue improving LMWH and
anticoagulant monitoring techniques [38-41].

Future directions and emerging technologies

Future directions in anticoagulant therapy, including advancements
in UFH and LMWHs, are focused on enhancing efficacy, safety
and convenience. The development of novel anticoagulants, such
as DOAGC:s targeting specific coagulation factors like factor Xa
inhibitors, direct thrombin inhibitors, provides alternatives to
traditional heparin therapy with predictable pharmacokinetics and
fewer interactions. Efforts are also underway to improve heparin
formulations, aiming for enhanced bioavailability, longer half-
lives and reduced immunogenicity to reduce dosing frequency.
Emerging technologies, such as point-of-care devices and wearable
sensors, offer real-time coagulation monitoring for personalized
therapy. Nanotechnology-based drug delivery systems target
heparins to specific thrombosis sites, minimizing systemic side
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effects. Additionally, biosensors and biomarkers are being
developed to detect thrombin generation and platelet activation,
facilitating better diagnosis and monitoring. Genomic and
pharmacogenomics research aims to personalize treatment based
on genetic profiles, while Al and machine learning are used
to predict individual responses, enabling precision medicine.
Biological therapies targeting novel coagulation pathways offer
potential alternatives with improved safety profiles compared to
traditional heparins [42-45].

CONCLUSION

In conclusion, UFH and LMWHs play crucial roles in
anticoagulant  therapy, offering effective management of
thromboembolic disorders across various clinical settings. While
both UFH and LMWHs act by enhancing antithrombin III
activity, their pharmacokinetic and pharmacodynamic differences
impact dosing, monitoring and clinical outcomes. LMWHs,
with their predictable pharmacokinetics and lower risk of adverse

effects, such as HIT, are often preferred over UFH in many
scenarios. However, selecting the appropriate anticoagulant
therapy depends on patient-specific factors, clinical indications and
other considerations. As research progresses, integrating emerging
technologies and personalized approaches into practice will further
enhance anticoagulant management, ensuring safety and efficacy
for patients with thromboembolic disorders. Collaborative care
among healthcare providers, continuous education and patient
engagement remains vital to achieving optimal outcomes and
improving the quality of anticoagulant therapies.
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