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ABSTRACT: Arterial occlusion due to thrombosis caused by ruptured atherosclerotic plaques (Baba et al., 1975)
has been recognized as a major cause of morbidity and mortality in western populations. Thrombosis may occur
in various sections of arterial circulation, peripheral arteries of the limbs, coronary arteries, brain arteries, or both
major and minor vessels within the abdominal cavity. The ultimate consequence is varying degrees of organ failure,
mostly of ischemic origin. Arterial thrombosis represents a continuous problem, debilitating patients and decreasing
their quality of life. Moreover, along with chronic heart failure, it can significantly decrease patient life expectancy.
Arterial thrombosis results in ischemia, with serious systemic consequences, such as metabolic breakdown. The
major goal of treatment remains fast and efficient recanalization — surgical, interventional or thrombolytic. To be able
to prevent acute reocclusion with severe consequences (rhabdomyolysis, compartment syndrome, excessive tissue
necrosis leading to limb amputation, etc.), several adjunctive treatment regimens have been advocated. Among others,
thrombin inhibitors and platelet inhibitors have been widely used for both prophylaxis and adjunctive treatment.
Direct thrombin inhibitors and antithrombin stimulators have been recognized as typical antithrombotic drugs. Direct
(antithrombin-independent) thrombin inhibitors can be divided into two main categories: monovalent, active site
inhibitors (argatroban, efegatran, inovastan, melagatran) and bivalent (hirudin, hirugen, hirulog, bivalirudin), while
antithrombin stimulators represent standard (unfractionated) heparin (UFH) and its depolymerizing products — low
molecular weight heparins (LMWH’s). Recently, a clear change in the main use of heparin, as well as low-molecular
weight heparins has been advocated representing a shift from treatment and prophylaxis of deep vein thrombosis
to prophylaxis of thromboembolic disease following vascular, cardiovascular or orthopedic surgery, treatment of
unstable angina and prevention of acute myocardial infarction. The main effect of heparins lies in their anticoagulant
activity. Heparins are involved in different pathways of the coagulation cascade with anticoagulant, antithrombotic,
profibrinolytic, anti-aggregative, as well as anti-inflammatory effects. Moreover, there is a little doubt about their
anti-proliferative and anti-ischemic activity (Penka and Bulikova, 2006). Unlike standard heparin, low-molecular
weight heparins do not affect the patient’s general coagulation profile. Obviously, the difference in molecular weight
results in different pharmacokinetic and pharmacodynamic properties of the agents.
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List of abbreviations

ABI = axillary/...index, t-PA = tissue-type plasminogen activator, ADP = adenosin diphosphate, AG = angiography,
AMI = acute myocardial infarction, APSAC = acylated plasminogen streptokinase activator complex, APTT =
activated partial thromboplastin time, AS = acute stroke, AT = antithrombin, ATD = acute thromboembolic
disease, CNS = central nervous system, DNA = deoxyribonucleic acid, DSA = digital subtractional angiography,
DVT = deep vein thrombosis, FDP’s = fibrin — fibrinogen degradation products, HCII = heparin cofactor II, HIT =
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heparin-induced thrombocytopenia, IHF = ischemic heart failure, LDL = low density lipoproteins, LLID = lower
limb ischemic disease, LMWH = low-molecular weight heparin, LMWH’s = low-molecular weight heparins, MRA =
magnetic resonance angiography, PAT = percutaneous aspiration thrombectomy, PDGF = platelet-derived growth
factor, PTA = percutaneous transluminal angioplasty, PTCA = percutaneous transluminal coronary angioplasty,
SCu-PA = single chain urokinase-type plasminogen activator, TFPI = tissue factor pathway inhibitor, UFH =
unfractionated heparin, USG = ultrasonography, VSMC’s = vascular smooth muscle cells
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1. Atherosclerosis as the main cause
of thrombosis

Occlusion of peripheral vessels is in more than 90%
of cases caused by atherosclerosis leading to throm-
bosis. Chronic vasculitis, small aneurysms, acute
embolic disease, or external compression of arter-
ies is observed less frequently. Atherosclerosis can
affect arteries of the lower limbs, carotid arteries,
brain arteries and, last but not least, coronary arteries
(Ferrieres et al., 2006). On the other hand, upper limb
arteries are only affected in extremely rare cases.

The development of atherosclerosis is rather long
and without clinical signs. Atherosclerotic plaques
can subsequently obstruct the blood stream within
the vessel by narrowing its diameter. According to
the vessels affected, clinical consequences may in-
clude: ischemic heart failure (IHF), ischemic stroke
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(IS), or peripheral thromboembolic disease, most
frequently lower limb ischemic disease (LLID), ca-
rotid and/or renal artery occlusion.

Atherosclerosis can be defined as a degenerative
process, typically with inflammatory infiltration
of the vessel wall, accumulation of triglycerides
and proliferation of fibrotic tissue. The early stage
of atherosclerosis is more or less characterized
by penetration of atherogenic lipoproteins and
inflammatory cells through the endothelial layer
and their accumulation in the sub-endothelial
space. Later on, fibro-proliferative and degenera-
tive processes take place, as a reaction to high levels
of lipoproteins and inflammatory mediators. The
development of atherosclerotic plaques currently
depends on the effect of atherogenic lipoproteins
in combination with endothelial damage and local
inflammatory process.
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Based on pathophysiology, three main stages
of atherosclerosis are described: (1) early lesions
with fatty stripes, (2) fibrotic and atherosclerotic
plaques, (3) stage of complication development
(Hansson et al., 2002). To be able to control athero-
sclerosis, one must pay due attention to so called
“risk factors”. Risk factors are recognized as reduc-
ible and non-reducible. To reducible risk factors be-
long insufficient physical activity, smoking (Lekakis
et al., 1997), arterial hypertension (Rizzoni et al.,
1998), hyperglycemia, high concentrations of non-
enzymatic protein glycation products (Meeking
et al,, 1999), hyperhomocysteinemia, central-type
obesity and, most of all, high concentrations of
atherogenous low-density lipoprotein (LDL) par-
ticles (Creager et al., 1990). As non-reducible risk
factors are classified: genetic factors (family history
of ischemic heart failure — IHF, or other manifesta-
tion of atherosclerosis in a close relative), gender
(males are at a higher risk) and age (higher risk in
males over 45 and females over 55).

The therapeutic plan for atherosclerosis should
take into account several factors and requires close
cooperation with the patient. It begins with change
in a lifestyle (smoking habits, physical activity, diet
— low fat, reducing cholesterol and sodium chlo-
ride, high fibre intake). However, these adjustments
are rarely by themselves sufficient. At the point
of clinical manifestation of the disease, it is often
necessary to commence medical treatment (Kikano
and Brown, 2007). To reduce lipoproteins, hypoli-
pidemic drugs affecting both cholesterol and tria-
cylglycerol are widely recommended. Drugs which
reduce hypertension and drugs which control dia-
betes mellitus can be used at the same time.

2. Arterial thrombosis of lower extremities

2.1. Definition and pathogenesis of arterial
thrombosis

In organisms, there is normally a balance between
coagulation and fibrinolysis. This very unstable
balance is continuously maintained by the action
of various enzymes, activators and inhibitors, as
well as a rather complicated interaction involving
cross-links and feedback systems between these
substances. Damage to the endothelial layer of the
vessel wall of peripheral arteries is widely consid-
ered as promoting an upsetting of this balance in
favour of thrombosis activation.

Acute arterial thrombosis can be defined as sud-
den impairment in the perfusion of legs or acute
exacerbation of pre-existing chronic ischemia of
the legs, typically manifested by severe pain, par-
esthesia, as well as motor deficiency of various
degrees, depending on extent and localization of
arterial occlusion.

As mentioned before, the most frequent (85% to
95%) cause of arterial occlusion is atherosclerosis
and its direct consequences, mainly acute throm-
bosis (Puchmayer and Roztocil, 2000). Typically,
affected patients have recently undergone a pe-
ripheral vascular bypass. In clinical practice there
is a distinction between prosthetic and venous
bypasses; in a prosthetic bypass there is a higher
probability of platelet-rich thrombus than in ve-
nous grafts. In the rest of cases, there is some other
cause of occlusion, and occasionally the origin re-
mains unknown (Puchmayer and Roztocil, 2000).
Typically, an occlusion is localized to a superficial
artery of the thigh and to crural arteries which are
predominantly affected. Early on, the occlusion of a
peripheral vascular bypass is limited to a period of
up to one month following surgery, as it is caused
mainly by a technical error or incorrect indication
of the procedure, while an occlusion of between one
and 24 months is considered as the most frequent
and is caused mostly by neointimal hyperplasia.
Late occlusions, occuring later than 24 months fol-
lowing surgery are caused most likely by progres-
sion of atherosclerosis in the site of either proximal
or distal anastomosis (Whittemore et al., 1981).

Differential diagnosis of arterial embolization
is sometimes tricky. As a useful tool we can apply
information provided in Table 1. Quick onset and
severe manifestation is typical for acute occlusion,
while thrombosis is known for its slow start, discrete
clinical symptomatology and more than one site of
stenosis (Schuman et al., 2007). The ratio between
acute occlusion (embolization) and thrombotic oc-
clusion of peripheral arteries has been reported to
be approximately 4 : 1 (Diehm et al., 2004).

Arterial thrombosis is a common cause of ischemia
in lower limbs. The triggering mechanism of that
ischemia is most likely a lack of energetic substrates
in an environment of inadequate oxygen supply and
subsequent shift to anaerobic metabolism. The
speed and extent of the ensuing cellular damage
strongly depends upon the discrepancy between
oxygen requirements and its actual availability.
Since different tissues have different metabolic ac-
tivities (differing oxygen and energy consumption),
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Table 1. The differences in clinical manifestation of acute embolization and thrombosis

Thrombosis Embolization
Onset slow/subsequent (quick) quick/immediate
Pre-existing symptoms often rarely
Duration long short
Atrial fibrilation, heart disease irregularly frequently
Other leg involvement often rarely
Ischaemia whole leg often segments
Therapy Inciting cause w. thrombectomy embolectomy
Risk of amputation high low
Long-term treatment anti-aggregative (anticoagulant) anticoagulant

the time period for developing cellular damage is
different throughout the body.

The most ischemia-resistant part of limb is
skins along with subcutaneous tissue. On the
other hand, peripheral nerves are the most sensi-
tive and ischemia-prone structures. That is why
functional neurologic deficiency fades away very
slowly even after successful revascularization and
reperfusion. The exact timeframe for developing
damaging ischemia and subsequent necrosis of the
limb is hard to establish, as it depends on many fac-
tors. The thrombus accretion may proceed into side
branches and eventually occlude collateral blood
flow, increasing overall ischemic damage of the tis-
sue. Delayed treatment for whatever reason may
result in life-threatening situations, mainly due to
metabolic breakdown during rhabdomyolysis and
compartment syndrome development. These disor-
ders should be regarded as emergencies and must
be dealt with properly without any delay, even in
the case of slower sub-acute development. Cases
of peripheral thrombosis also benefit from early
recognition and onset of therapy.

2.2. Etiology of an acute arterial
thrombosis, Virchow’s triad

The result of the thrombotic process is lies in the
development of a highly organized mass of blood
cells, such as platelets, red blood cells, white blood
cells and other elements caught in a mesh of cross-
linked fibrin. The predisposition factors leading to
thrombus development are summarized in the so-
called Virchow triad. The basics of Virchow’s triad
are the following: Endothelial damage — in arterial
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circulation there are three main causes of endothelial
damage; the first is due to physiological hemody-
namic stress during systolic inflation of the vessel
and immediate diastolic deflation — the elasticity of
the vessel puts a high demand on endothelial cells
that kind wear down after a period of time. An in-
crease in systemic blood pressure increases the he-
modynamic stress on endothelial cells; the second
cause of endothelial damage is atherosclerosis and
the third one is direct trauma. Changes in blood flow
— the most frequent changes observed are stasis and
turbulence within the vessel (switch from a laminar
flow to a turbulent one). Normally (laminar flow),
there is a little or no contact between the endothelial
membrane and circulating blood cells. However, a
change in the charge of elements may play a role
in the establishment of a continuous pathological
insult. Positive charging of the endothelial surface
starts to attract platelets and the so called opsoni-
zation of the endothelium commences. A decrease
in blood flow may have two main causes: heart
failure and increase in blood viscosity. Activation
of coagulation is actually the least frequent cause
of thrombosis. It starts due to a prothrombotic or
thrombophilic condition of the patient (see chapter
2.2.1.). Moreover, systemic coagulation is activated
following excessive burn injuries, heart failure, dis-
seminated metastatic disease and long term estro-
gen medication, either pre-menopausal or in oral
contraceptives (Vacha, 1999).

2.2.1. Thrombophilia

The enzymatic system of coagulation is generally
under the control of a wide range of regulatory
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mechanisms. Disturbing the rather unstable fluido-
coagulation balance in one direction enhances the
risk of systemic bleeding, while in the other direc-
tion, thrombosis occurs. The main reason for this
may lie in the thrombophilic condition of the pa-
tient. The term “thrombophilia” suggests congenital
or acquired coagulation disorders, associated with a
higher risk of thrombosis development. Patients suf-
fering from thrombophilia, congenital or acquired,
are prone to first experiencing a thromboembolic at-
tack; however, there is no direct evidence supporting
a higher risk in such patients for the recurrence of
thromboembolic disease. More thrombophilia cases
are linked to deep vein thrombosis rather than to
arterial thrombosis (Poul, 2006). However, accord-
ing to the literature (Kamphuisen et al., 2000), factor
V Leiden, as well as hyperhomocysteinemia affect
both arterial and venous thrombosis in the same
manner. Moreover, some acquired conditions, like
antiphospholipidic syndrome or heparin-induced
thrombocytopenia are associated with both arterial
and venous thrombosis (Certik, 2003).

In thrombosis prevention, certain provoking fac-
tors and specific risk factors should be researched
and dealt with specifically. This means a thorough
review of the family history followed by a thror-
ough physical examination of each at risk patient.
We choose our patients based on criteria estab-
lished recently (Poul, 2006). On the other hand,
the likelihood of detecting thrombophilia increases
in patients suffering from idiopathic thromboem-
bolic attacks before 45 years of age, patients suf-
fering from recurrent thromboembolia, those with
thrombosis in an uncommon location, patients with
arterial thrombosis before the age of 35 (Tanis et al.,
2003), those with a family history of thromboem-
bolic disease and women suffering from recurrent
complications during pregnancy (Yamada et al.,
2001; Pauer et al., 2003).

Knowledge of the thromboembolic condition of
the patient enables modification of the dose and
period of thromboprophylaxis, as well as helping in
avoiding complications in women taking hormonal
contraceptives, pre-menopausal estrogen supple-
mentation and pregnant women or those planning
a pregnancy (Jorgensen et al., 2002).

2.3. Clinical observations

Acute thromboembolic disease of the lower
limbs can result in critical ischemia of a whole

leg. Symptoms of such ischemia can be expressed
by “6P”: pain, paleness, lack of pulse, paresthesia,
paralysis and prostration (Puchmayer and Roztocil,
2000). Secondary thrombosis mostly does not de-
velop in such dramatic conditions as the severity of
clinical symptoms depends on the level and capac-
ity of collateral circulation.

Pain - starts suddenly, often in the area of acute
occlusion of the vessel. It can progress as a more
diffuse experience, throughout peripheral muscles.
Sudden severe pain affects approximately 80% of
patients, and its onset usually denotes the time of
occlusion. In 10% of cases the pain is not so profound
and in the remaining 10% there is no pain at all. This
is probably due to paralysis and loss of perception.

Paleness — appears almost immediately, but after
a period of time it is replaced by spotty cyanosis,
caused by de-oxygenized blood focal accumulation.
Changes in skin colour start usually 20 cm below
the site of occlusion (collateral circulation can feed
the upper portions in most cases). Basically, we
recognize two types of ischemia: (1) pale and (2)
blue ischemia.

Pale ischemia often reveals only little or no dam-
age in acral vessels, including capillaries and in the
venular system, which enables at least a limited
perfusion of the affected area.

Blue ischemia is characterized by blue and pale
spots throughout the affected area. The prognosis
for this condition is poor, as tissue necrosis often
follows.

Lack of pulse is another clear-cut symptom for
the clinician to look for.

Paresthesia is mostly expressed as local skin
hyperesthesia, followed by complete anaesthesia
after some period of time. This change may be slow,
irregular and may develop only subsequently, as
some sensory neurons are less sensitive to oxygen
deficiency than others.

Paralysis — what we observe is not usually regu-
lar paralysis with a neurological origin. It is rather
muscular rigidity due to a low supply of energy
(temporary or permanent ADP deficiency) and
progressive local metabolic acidosis. Typically,
both superficial and deep sensitivity is affected in
various degrees. The onset of paralysis may denote
gangrene. Whenever paralysis lasts for 12 hours or
longer, the prognosis for saving the limb is rather
poor. Stiff oedema throughout the gastrocnemius
muscle, along with severe pain is commonly as-
sociated with muscular necrosis, as well as pos-
sibly other irreversible damage. While skin and
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Table 2. Demarcation line

Location of arterial occlusion

Demarcation line

Sub-renal aorta

Aortic bifurcation and common iliac arteries
External iliac arteries

Femoral arteries

Superficial femoral arteries

Popliteal arteries

mid-abdominal region

groin

proximal femoral region

upper third of femoral region
upper shank, just below the knee

lower third of the shank

subcutaneous tissues are generally more resistant
to progressive ischemia, nerves and muscles can
bcome necrotic after four to six hours.

Prostration mostly does not appear as a result
of shock. Physical exhaustion observed in patients
suffering from thromboembolic disease is caused
by vagal reflexes, initiating nausea, weakness and
seizures, and sometimes even acute collapse.

The demarcation of ischemic changes marks out
the location of an acute occlusion. As there is al-
ways some sort of collateral circulation feeding the
tissue immediately below the actual occlusion, the
demarcation line appears as outlined in Table 2.

Establishment of collateral circulation restores
local temperature and results in the disappearance
of paresthesia. In cases of severe damage, 100%
restitution may never happen and some degree of
deficiency usually persists. After the capacity of
collateral perfusion reaches its maximum, symp-
toms are mostly the same as for chronic ischemia.
Once early muscular rigidity, followed by spotty
oedema and/or ulceration with crepitation appears,
the prognosis is generally poor.

2.4. Diagnostic protocol for patients with
suspected acute peripheral thrombosis

Primary data obtained from a patient should be
based on individual history and major symptoms.
Physical examination and primary vascular exami-
nation is still widely regarded as an important first
step for establishing proper and early diagnosis.
Inspection of colour, followed by close monitor-
ing of any skin efflorescence, as well as drop in lo-
cal temperature may help in the exact localization
of vascular occlusions. Peripheral pulse palpation
is another method of targeting the source of the
problem. Auscultation may aid in finding murmurs,
especially in the upper femoral region.
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As another step, methods of diagnostic imag-
ing should be utilized, not only for exact locali-
zation, but also for assistance in deciding upon
treatment options. Basic ultrasonography, using a
two-dimensional picture along with Doppler Effect
measurement is currently used in clinical practice.
Angiography is another method that can be used.
Digital subtractional contrast angiography (DSA) is
widely regarded as the “gold standard” for thorough
examination of vascular damage. It enables exact
visualization of the inner surface of the vessel and
can outline both major and minor irregularities of
the vessel wall. Magnetic resonance angiography
(MRA) and CT-guided contrast angiography are
other methods of choice for vascular imaging of
lower extremities. Both methods are non-invasive
and use contrast media for good visualization of
arterial circulation with extremely high resolution.
With the development of new workstations for CT
scanning and magnetic resonance imaging, along
with duplex sonography, these methods have be-
come more and more useful as first-choice options
in vascular diagnostic imaging (Schumann et al,,
2007).

Sometimes, the justification for specific ad-
vanced diagnostic methods becomes an issue. An
exact indication should come after detailed his-
tory was obtained and thorough physical exami-
nation performed. In most cases, no specific rules
or guidelines exist and the steps to be followed
are case-specific and depend, more or less, on the
possibilities of the actual diagnostic imaging de-
partment. Moreover, many methods of imaging are
complimentary and their utilization often helps in
establishing a proper diagnosis. In any case, the
critical consideration must always be to avoid any
delay, especially in cases when there is a risk of limb
amputation or exitus. In patients suffering from
excessive damage or gangrene (or both) there is
no need for in-depth examination and life-saving
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(or limb-saving) procedures should follow. In such
cases, immediate MRA or angiography should be
performed without any delay. Generally, the most
accurate information comes from MRA or digital
subtractional angiography and all patients, espe-
cially those scheduled for surgical revascularization
should undergo one of these treatments.

2.5. Treatment options for acute peripheral
thrombosis

Treatment of thrombosis ought to be fast, aggres-
sive and well targeted to be efficient. The goal is to
re-establish adequate circulation and perfusion as
fast as possible. This enables the saving of a limb
in young patients and likely can save a life in older
ones (Jivegard et al., 1988). Sufficient revasculari-
zation is the ultimate goal, depending on many
factors. First of all, it requires good cooperation
between the primary care provider and many spe-
cialists of secondary care, at least the radiologist
and vascular surgeon or interventional specialist.
The primary care physician must recognize the
pathological condition and refer the patient to the
specialist as soon as possible (Blacher et al., 2006).
Specialists should focus on establishing a proper
diagnosis and deciding on an appropriate treat-
ment (Rice and Lumsden, 2006). A crucial point
seems to be a good interpretation of the angiog-
raphy, followed by thorough assessment of the
degree of ischemic damage in the affected area,
not forgetting the general physical condition of the
patient, including all other disorders he/she suffers,
with special emphasis on cardiovascular and cer-
ebral conditions (McNamara and Gardner, 1991).
All contraindications for thrombolysis should be
seriously regarded, namely a cerebral stroke oc-
curring less than six months ago, severe arterial
hypertension, acute gastroduodenal ulcers, hem-
orrhagic diathesis, neoplasia, trauma less than 14
days ago, major surgery less than four weeks ago
and arterial puncture in the groin less than seven
days ago. Another condition which requires atten-
tion is thrombus formation within the left heart;
this can cause embolization at any time, and at any
place in systemic circulation.

We have three basic methods for revasculari-
zation: (1) surgical or invasive revascularization,
(2) interventional endovascular (endoluminal) an-
gioplasty, and (3) systemic intravenous thromboly-
sis. Also, percutaneous transluminal angioplasty

(PTA) has been successfully applied along with
local thrombolysis.

As mentioned, percutaneous transluminal an-
gioplasty (PTA) or percutaneous aspirational
thrombectomy (PAT) in combination with local or
systemic thrombolysis has been advocated as the
most successful method for arterial recanalization.
Sometimes, interventional methods are abandoned
and a surgical approach is used instead (Rocek,
2005). A very important step in the protocol is the
assessment of the exact location of the thrombosis,
as this affects the decision making for the basic
therapeutic plan. For example, it is better to treat
Aorto-femoral segments surgically (Weaver et al.,
1996), while subinguinal areas are more feasible
for treatment by angioplasty, thrombolysis, or by
a combination of both (Weaver et al., 1996).

In order to choose the proper method, a ba-
sic scoring according to the Society of Vascular
Surgery/International Society of Cardiovascular
Surgery — SVS/ISCVS has been developed (Ahn
et al., 1997; Rutherford et al.,1997):

Grade 1 — patients not in direct jeopardy. Patients
not experiencing continuous pain. Extremity is
pale, substantially colder, senso-motor functions
remain. Ankle Brachial compressive index (ABI)
> 0.3. Mostly in patients with thrombosis of already
atherosclerotic vessels.

Grade 2 — patients in jeopardy. Extremity is
becoming cyanotic, senso-motor functions are
impaired. Patients without persistent pain are in
Group 2a, patients experiencing persistent pain
are classified into Grade 2b. ABI index is < 0.3, or
Doppler signal is completely missing.

Grade 3 — patients with irreversible changes.
Patients experiencing severe pain, with muscular
rigidity and subsequent anaesthesia of affected ex-
tremity. Doppler signal, both arterial and venous
is missing. Biochemical analysis reveals muscular
necrosis.

Patients from Group 1 do not need to be treated
urgently, while Grade 2a patients require immedi-
ate action and those from Grade 2b group should
undergo acute revascularization without any delay.
Grade 3 patients should not undergo thromboly-
sis.

2.5.1. Surgical revascularization

After referral it is up to the vascular surgeon to
make the decision regarding what kind of treatment
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is to be utilized. This decision should be based on
the localization of the problem, severity of tissue
damage and some potential risk factors, such as
other disorders ruling out general anesthesia or
more invasive methods for the patient. Generally,
there are few surgical procedures available:
Fogarty thromboembolectomy — this method had
been regarded as a “gold standard” until recently.
The key point is introducing a specially equipped
balloon catheter through a arterectomy beyond
the site of occlusion, then inflation of balloon by
liquid (Ringer or saline solution); the obstructive
thrombus is subsequently removed by gentle trac-
tion. Even though this method is highly efficient,
we have to point out several disadvantages — un-
like thrombolysis, this procedure requires local
or general anaesthesia and we can remove only a
fresh clot, not those adhering to the vessel wall.
There is no direct control during the procedure;
the control angiography is performed afterwards.
This may lead to late recognition of vascular dam-
age, pseudo-aneurysm formation or compartment
syndrome development. With regard to late com-
plications, neointimal hyperplasia and vascular
smooth muscle cells proliferation are also possible.
In these instances, clinically relevant narrowing
of the vessel develops within six months following
intervention (Karetova et al., 2007). After Fogarty
thromboembolectomy, the formerly atherosclerotic
plaque remains intact and must be removed by an-
gioplasty or bypassed by vascular graft. Surgical
bypass — bypass feasibility depends on anatomical
location of the vascular defect (aorto-iliac, femoral,
popliteal, crural), type of vascular graft (biological,
artificial) and on the quality of the blood stream
above and below the affected area. Vascular grafts
have been observed to be more efficacious when an
anastomosis is in the area where the side-branch
of the main vessel originates. The proper choice
of vascular graft is also a very important issue.
Artificial grafts have been successfully used in the
aorto-iliac area, revealing a five year patency as
high as 90%. On the other hand, in the femoral area
and below, better results have been observed after
the use of biological (venous) grafts (68% of 5-year
patency for venous graft versus 38% for artificial
vessel above the knee, while 50% of 5-year patency
for venous graft versus 12% for artificial vessel in
the shank). This is the main reason behind the gen-
eral recommendation of biological grafts for lower
extremity bypasses (Boccalandro and Smalling,
2006). Another important factor is the quality of the
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blood stream at the distal part of the affected area.
In patients with other disorders that may have an
impact on distal blood flow, both the feasibility and
success rate of surgical revascularization is rather
limited. An adjunctive anticoagulant therapy, using
platelet inhibitors (ASA, clopidogrel) or oral “blood
thinners” (warfarin) is mandatory. Some other fac-
tors, such as dietary lipids, carbohydrates, smoking
and high systemic blood pressure also may play a
role. Revascularization in a moribund patient with
clearly irreversible ischemic changes should not be
attempted. These cases should be solved by im-
mediate amputation to avoid systemic reperfusion
injury by free radicals of oxygen and highly acidotic
and hyperkalemic venous blood.

2.5.2. Interventional endovascular
procedures

Percutaneous interventional angioplasty has be-
come a widely used procedure during the last two
decades. Now, all patients suffering from more sys-
temic disorders (all geriatric patients, typically) may
profit from this minimally invasive approach. In
addition such methods are generally not time-con-
suming and do not require anaesthesia. Nowadays,
two main procedures are recognized as standard
methods for percutaneous angioplasty: percutane-
ous aspiration thromboembolectomy (PAT) and
percutaneous transluminal angioplasty (PTA).

Percutaneous aspiration thromboembolecto-
my (PAT). This technique has some clear advan-
tages over standard surgical thromboembolectomy.
It is less invasive, resulting in less damage to the
endothelium. It often reveals transversal lesions in
the distal part of the occlusion, facilitating a direct
approach to secondary narrowing of the affected
vessel (working Party on Thrombolysis, 2003). The
first experiences with this method were published
by Starck (1985) and it has been a well accepted
method ever since, especially for removing acute,
fresh thrombi, using a thin-walled end-hole cath-
eter, connected to a syringe, which helps to cre-
ate suction pressure. The clot with all remnants is
subsequently sucked through the catheter into the
syringe. In some instances, a PTA should follow
to open the secondary vascular narrowing due to
thrombosis. With regard to disadvantages, some
blood loss, incomplete thrombus removal and pos-
sible embolization of peripheral vessels may oc-
cur.
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Percutaneous transluminal angioplasty (PTA).
This method has been almost abandoned for the
treatment of an acute thrombosis, because it does
not offer any clear advantages. In fact, this method
has been recently limited to an adjunctive proce-
dure following local endovascular thrombolysis,
in cases with persistent atherosclerotic narrowing
of the vessel, or secondary treatment after PAT.
Generally, better results have been observed in
patients with short occlusions, without spread to
side-branches, in patients with no diabetes, non-
smokers and in those after surgical revasculariza-
tion. Compared to surgical intervention, it results
in lower mortality and morbidity with approxi-
mately the same efficacy. Furthermore, it does not
require long hospitalization.

Interventional methods still have a certain rate
of reocclusion regardless of the procedure applied.
Re-thrombosis occurs more often in the femoro-
popliteal area and below the knee. In general, in-
terventional methods seem to be more feasible for
the infra-inguinal area, while for the aorto-femo-
ral area, more invasive methods, such as surgical
revascularization have been recommended.

2.5.3. Thrombolysis

Since its very inception in the early eighties of last
century thrombolysis has developed very quickly
as a treatment option for various thrombotic disor-
ders. The pharmacokinetics of thrombolytic drugs
itself helps to break down the hemostatic balance of
the patient, i.e., the equilibrium between thrombin
and plasmin.

Thrombolysis can be generally divided into lo-
cal and systemic. The significance of general or
systemic thrombolysis is more or less historical, as
systemic administration of thrombolytic drug re-
quires higher doses, increasing the risk of systemic
bleeding and, moreover, despite some attempts to
develop a thrombin-specific substance, this treat-
ment still cannot be targeted very well. For this rea-
son systemic administration has been abandoned for
treatment of acute arterial thrombosis. Local (in-
traarterial) thrombolysis can be also divided into two
categories: (a) continuous (infusion) thrombolysis,
where the arterial catheter is inserted close to the
obstructive clot and an infusion of the thrombolytic
drug is given over a few hours; (b) spray accelerating
(infiltrative) thrombolysis, when the thrombolytic
agent is directly injected into the obstructing clot.

This spray injection is done under pressure repeat-
edly at certain intervals of time (minutes).

2.5.3.1. First generation thrombolytic
agents

Streptokinase, obtained from C p-hemolytic
streptococcus cultures, was the first fibrinolytic
substance successfully applied (Certik, 2003). It
forms complexes with circulating plasminogen,
accelerating its modification into plasmin, which
actually breaks down the cross-linked fibrin mesh
(Marder and Francis, 1990). Streptokinase itself
does not show any affinity to fibrin. This lack of
affinity makes it unsafe, since it can bind anywhere
in the circulation and cause some unexpected and
possibly life-threatening bleeding. The systemic
plasma concentration of plasminogen is about 2uM,
while the concentration of its major direct inhibitor,
a-2 antiplasmin is only about 1puM. Since streptoki-
nase is a foreign protein, it can cause severe allergic
reactions — as observed in 4.4% of patients during
multicentric clinical trials (GISSI, 1986; ISIS-2,
1988). The biological half-life of streptokinase is
about 30 minutes, while in complex with plasmino-
gen it is extended up to 80 minutes.

Urokinase can be isolated from human urine or
from human kidney cell lines. It possesses direct
affinity to plasminogen, so it does not require any
other binding to be effective. It is a human protein,
so allergic reactions are rare. The biological half-life
of urokinase is about 10 minutes.

2.5.3.2. Second generation thrombolytic
agents

This group presents a tissue-type plasminogen
activator (t-PA), a single chain urokinase-type
plasminogen activator (SCu-PA) and acylated plas-
minogen streptokinase activator complex (APSAC)
(Marder and Francis, 1990). The main reason for
starting a new era of fibrinolytic drugs was the need
for a selective thrombolysis with minimum sys-
temic effects. Despite efforts to develop new, more
selective drugs, extensive multicentric clinical trials
have revealed all of them to be rather insufficient in
terms of clot specificity. All the new drugs require a
therapeutic dose high enough to trigger fibrinolysis
throughout the circulation, which means a substan-
tial risk of bleeding. Moreover, according to clinical
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studies, all these new “clot-specific drugs reveal
approximately the same rate of bleeding complica-
tions as does streptokinase” (TIMI Study Group,
1985; Magnani, 1989; White et al., 1989).

Tissue-type plasminogen activator (t-PA): was
first isolated from human vascular endothelium in
1971 (Certik, 2003). Even though the natural t-PA
is a single chain substance, it is rapidly converted
into a double chain molecule by plasmin. However,
both types are enzymatically active, with the same
affinity to fibrin (Francis and Marder, 1990). The
property that distinguishes t-PA from other throm-
bolytic drugs is mainly its affinity to fibrin, which
makes this substance somewhat more clot-specific.
Now, thanks to recombinant techniques, the new,
pure recombinant drug, called rt-PA (or alteplase)
has been manufactured. This drug is metabolized
very quickly, with a systemic half life of about five
minutes (Marder and Francis, 1990).

Acylated plasminogen streptokinase activator
complex (APSAC): this is a complex which binds
streptokinase directly to plasminogen, and is tem-
porarily inactivated by additional acylation. It takes
additional binding to fibrin to trigger de-acylation
and activation of the whole complex. The advantage
of this drug is that it administers plasminogen itself,
helping especially patients with lower plasma levels
of circulating plasminogen.

3. Heparin

Since the first synthesis of heparin (McLean, 1916)
a long-lasting debate has ran regarding its inner
structure, as well as about its anticoagulant prop-
erties (Casu, 1985, 1989). Heparin is extraordinary
because of its variability. Chemically, it is a collection
of fragments, each with different molecular weights
and different modes of action. The most important
action of heparin is its interference in the coagula-
tion cascade. This polysaccharide consists of chains,
containing one to four uronic acid remnants and
D-glucosamine (Casu, 1989). The molecular weight
of heparin may vary from 3000 to 30 000 Da, with
a mean value of 15 000 Da (Hirsh, 1991). Out of
these numbers, approximately one third is repre-
sented by a unique pentasaccharide, necessary for
binding to antithrombin, accelerating thrombin and
activated factor X inhibition (Lam et al., 1976). An
additional anticoagulant activity of heparin goes
through heparin cofactor I activation, which is less
potent and generally requires higher systemic con-
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centrations of heparin. The remainder of the heparin
molecule does not possess any anticoagulant proper-
ties. The major anticoagulant activity is based on the
number of oligosaccharide (pentasaccharide) rem-
nants that directly affect the molecular weight of the
effective agent. Generally, heparin acts on different
levels of the coagulation cascade. Its properties can
be defined as anticoagulative, antithrombotic, pro-
fibrinolytic and ani-aggregative, anti-inflammatory;,
anti-proliferative and anti-ischaemic (Lundin et al.,
2000; Perretti et al., 2000; Salas et al., 2000; Trocme
and Li, 2000; Yagnik et al., 2000).

3.1. Effect of heparin on the coagulation cascade

Heparin itself does not have any anticoagulation
properties. It has been proven that for this effect to
take place, the presence of a plasmatic cofactor is
required. This cofactor has been discovered and was
named antithrombin III, later abbreviated to just
antithrombin (AT). Heparin binds to antithrombin
through the unique pentasaccharide sequence present
in approximately one third of the molecule. Stable
covalent AT-heparin complexes (AT/H complexes)
inactivate both thrombin (factor IIa) and activated
factor X (Xa) at approximately the same level (anti
ITa : anti Xa ~ 1 : 1). Similarly, activated factor IX
(IXa) is inhibited by the AT/H complex (Rosenberg,
1987). Out of these enzymes, thrombin and factor
Xa are more susceptible to inhibition, with thrombin
being even more sensitive than factor Xa. Binding to
lysine terminals of antithrombin not only creates a
complex, but creates conformational changes in the
active site, responsible for more effective inhibition
of coagulation enzymes (Rosenberg, 1987).

To trigger inhibition of thrombin by the AT/H
complex, not only the pentasaccharide terminal
is required, but additionally the heparin molecule
ought to be big enough to create a bridge between
thrombin and antithrombin. On the other hand,
bridging is not necessary for inhibition of factor
Xa, where the pentasaccharide plays the most im-
portant role. For this reason the smaller molecule
of heparin (less than 18 saccharides) is not as effec-
tive in terms of thrombin (factor Ila) inhibition and
factor Xa affinity predominates. Instead, very small
molecules, containing just one pentasaccharide be-
come more or less selective factor Xa inhibitors.

As mentioned, antithrombin is a major cofactor
of heparin; however it is not the only one. A high
concentration of heparin potentiates thrombin
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inhibition in an antithrombin-independent man-
ner, through another cofactor, known as heparin
cofactor II (HCII). This catalysis is also molecular
weight-dependent, as it requires heparin to carry
at least 24 saccharide units (Sie et al., 1986).

Heparin binds in vivo to platelets and then, de-
pending on the conditions, can accelerate or inhibit
platelet aggregation. Generally, high molecular
weight heparin with low affinity to factor Xa af-
fects the platelets more than low molecular weight
heparins with high affinity to factor Xa.

Heparin increases coagulation times in humans
and increases blood loss in rabbit animal models
(Ockelford et al., 1982). Moreover, it increases the
vessel wall permeability. The interaction of heparin
with platelets and vascular endothelial cells can
contribute to heparin-induced bleeding in a man-
ner, independent of its previously described anti-
coagulant properties.

Generally, heparin disturbs haemostasis through
inhibition of coagulation enzymes. This effect is
facilitated by plasma cofactors and through inhi-
bition of platelets. Heparin does not penetrate the
blood vessel barrier in the placenta; also it does
not reach the milk.

3.2. Limitations of heparin

The anticoagulation effects of heparin can be
defined by its pharmacokinetics and its general
biophysical and antihaemostatic properties. For
instance, heparin bound to plasma protein or vas-
cular endothelial cells may have rather complicated
plasma recovery and clearance. Among the bio-
physical limitations of the AT/H complex belongs
the inability to target factor Xa in the prothrom-
binase complex and to target thrombin bound to
fibrinogen, fibrin or the subendothelial matrix.
Some side-effects, like pro-aggregation effect on
platelets may also restrict therapeutic effects.

The above-mentioned possible complications can
be avoided by using low molecular weight heparins
or synthetic heparinoids, while the inability to
reach thrombin bound to fibrin (fibrinogen) can
be prevented by using direct thrombin inhibitors.

3.3. Pharmacokinetics of heparin

Heparin binds to plasmatic proteins (Lindahl and
Hook, 1978), as they compete for the binding site

along with antithrombin (AT). It has been proven
that these bonds to other proteins do make a dif-
ference in the anticoagulant activity of heparin.
This might be an explanation for some cases of
heparin resistance or heparin insufficiency in pa-
tients treated for thromboembolic disease (Hirsh
et al., 1976).

Heparin clearance begins with a brief elimina-
tion period, followed by subsequent disappearance,
which can be explained by a combination of the
first-grade saturated and non-saturated mecha-
nisms involved (De Swart et al., 1982). The satu-
rated part of heparin clearance can be defined as its
binding to the receptors on macrophages and en-
dothelial cells. It is generally supposed that bound
heparin undergoes structural changes followed by
depolymerization to small derivatives (Mahadoo et
al., 1977; Glimelius et al., 1978). Furthermore, the
heparin — platelet interaction stimulates platelet-
derived factor 4, which can eventually eliminate
heparin from circulation (Dawes et al., 1978). On
the other hand, the rather slower, non-saturated
mode of clearance is limited to renal excretion. It
is general understood that in therapeutic plasma
concentrations, heparin elimination is achieved
mostly through saturated pathways (Dawes and
Pepper, 1979; De Swart et al., 1982).

The multifactorial mode of elimination is more
likely responsible for some variability in dose
response, as well as the inconsistent half-life of
heparin observed in clinical settings, especially for
an increased dose (100, 200 and 400 IU/kg resulting
in a half-life of 60, 100, 150 and 180 minutes, re-
spectively; Olsson et al., 1963). On the other hand,
a subcutaneous route of administration results in
lower bioavailability of heparin, especially in low
dose regimens. The reason for this is simply that
heparin which accumulates in subcutaneous depots
easily binds to plasmatic proteins, which helps in
its quick elimination causing decreased efficacy
(Piper, 1947). However, at high doses (35 000 IU/kg
per day, for example), heparin can reach up to 90%
bioavailability, when administered subcutaneously
(Walker et al., 1987). The anticoagulant effects of
heparin can be modified by platelets, fibrin, vascu-
lar surfaces and plasmatic proteins. For instance,
platelets limit the effect of heparin in two ways:
(1) Factor Xa protection, since platelet bound fac-
tor Xa is inaccessible to heparin-antithrombin
complexes (Marciniak, 1973; Walker et al., 1987);
(2) by releasing heparin-inhibiting protein, plate-
let factor 4. Generally, thrombin bound to fibrin,
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fibrin (fibrinogen) degradation products or the sub-
endothelial matrix is protected from inactivation
by heparin-antithrombin complexes (Bar-Shavit,
1989; Hogg and Jackson, 1989; Weitz et al., 1991).
This means that higher doses of heparin, helping
heparin cofactor II to take over, are needed to in-
hibit bound thrombin.

Various animal studies have confirmed the hy-
pothesis that antithrombin-independent substanc-
es are needed to inhibit bound thrombin (Heras et
al.,, 1989; Agnelli et al., 1990).

3.4. Monitoring of treatment by heparin

Heparin acts almost immediately following i.v.
administration, with an estimated half-life of about
one to two hours (dose-dependent). That is why
continual infusion is substantially more efficient
than i.v. bolus in heparin treatment. Currently, an
i.v. bolus of higher dose followed by infusion has
been recommended (Hull et al., 1986).

For subcutaneous administration usually two to
three applications per day are given. Plasma re-
sponse is reduced to a lower dose (about 5000 IU),
or even medium dose (about 15 000 IU), while it is
sufficient enough at a high dose (about 35 000 IU
over 24 hours). Maximum plasma levels of heparin
are reached in two to four hours following subcu-
taneous administration, with an estimated half-life
of four to six hours (Pini et al., 1990).

Heparin is given in low doses for prophylaxis
and in higher doses for treatment of thrombosis.
Generally, prophylaxis using heparin is associated
with a substantially lower risk of heparin-induced
thrombocytopenia. Regularly, low doses are given
as boluses of 5000 IU subcutaneously, two or three
times a day. Low doses are efficient especially for
prevention of deep vein thrombosis (very good in
patients undergoing orthopedic or gynecologic
surgery). On the other hand, the use of heparin in
high-risk patients should be avoided even at low
doses. High doses of heparin are widely used in
the treatment of patients suffering from arterial
thrombosis or thromboembolic disease (Hirsh
et al., 1976; De Bono et al., 1992). The effects of
heparin at high doses may be variable, as it depends
on plasma protein concentration. Exact efficacy
is hard to establish; however, there is a close re-
lationship between clinical manifestation and the
anticoagulant activity of heparin at a given dose
(Hull et al., 1986; Turpie et al., 1989; Arnout et al.,
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1992). Moreover, the dose of heparin depends on
the body weight of the patient.

The efficacy of heparin can be monitored by the
screening of some laboratory parameters, enabling
the evaluation and modification of the actual dose.
A typical parameter of heparin treatment is meas-
urement of Activated Partial Thromboplastin Time
(APTT - more precise), Thrombin Time (TT), or
Activated Clotting Time (ACT). Values of APTT
are during effective treatment by heparin 1.5 to
2.5 fold elevated compared to baseline levels (no
heparin). With regard to the fact that the effect of
heparin is closely related to concentration of an-
tithrombin, it is necessary to evaluate the plasma
concentration of antithrombin, whenever heparin
treatment fails to provide sufficient anticoagulation
at a given therapeutic dose. In case of low levels of
antithrombin, antithrombin concentrates can be
given by infusion. To prevent thrombocytopenia,
treatment by heparin should be as short as possible
and the patient should be put on oral anticoagulants
before the 10", and at the latest by the 14™ day of
therapy. For a change in treatment (from heparin to
oral anticoagulants), at least three days of overlap of
both drugs should be established. Heparin should
not be given intramuscularly.

3.5. Antidotes of heparin

Protamine sulphate is the one and only direct
antidote of heparin. It should be used only in case
of excessive bleeding following heparin treatment.
The effective dose of protamine sulphate is 1 mg
per 100 IU of heparin used, but the rather short half
life of heparin should be considered. Platelet count
should be measured after 48 hours of treatment. In
case of a drop below 100 x 10°/1, heparin should be
replaced by oral anticoagulants.

3.6. Effect of heparin on vascular smooth
muscle cell proliferation

Vascular smooth muscle cells (VSMC'’s) accumu-
late in various intimal defects of arteries, contribut-
ing to atherosclerotic plaque formation. This effect
may play a role in re-stenosis following percuta-
neous coronary angioplasty (PCA) (Dartsch et al.,
1989). For this reason inhibition of VSMC prolifer-
ation should be an important part of the treatment
protocol for arterial thrombosis. Some in vitro stud-
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ies suggest that heparin and its low-molecular weight
fragments inhibit continuous vessel wall thickening
by inhibition of VSMC proliferation. Heparin, as well
as heparan sulphate, blocks cellular multiplication at
the GO and G1 stage (Castellot et al., 1985; Wright et
al., 1989). This action is multifactorial, including an
inhibition of mitogens in plasma, inhibition of excre-
tion of platelet-derived growth factor (PDGF), inter-
ference with thrombin mitogenic activity, deliberation
of cell-bound thrombospondin (free thrombospondin
is unable to interact with PDGF) (Majack, 1985, 1986,
1988), inhibition of DNA synthesis in smooth mus-
cle cells by intracellular heparin (Reilly et al., 1986;
Wright et al., 1989), heparin-dependent inhibition
of VSMC protein synthesis (Castellot et al., 1985;
Cochran et al., 1985) and protecting of heparan sul-
phate from biodegradation by heparinase released
from platelets (Fritz et al., 1985; Castellot et al., 1987;
Wright et al., 1989). In the last case, the following
events have been observed: (1) both heparin and
heparan sulphate inhibit VSMC growth in a simi-
lar fashion (Castellot et al., 1981, 1987; Benitz et al.,
1990), endothelial cells synthesize heparan sulphate in
the same manner as smooth muscle cells; (2) smooth
muscle cells synthesize heparan sulphate more during
continuous growth than during growth on exponen-
tial cell-lines (Fritz et al., 1985); (3) media contain-
ing heparan sulphate (those fixed by heparinase from
flavobacteria) increase the sensitivity of VSMC’s to
various mitogens and growth stimulators (Castellot et
al., 1981). Heparinase itself can be released by internal
platelet and monocyte activation (Oldberg et al., 1980;
Castellot et al., 1982; Wright et al., 1989). It can be
speculated that vascular damage itself can trigger the
process of heparinase release by platelets and white
blood cell accumulation in the area, giving a boost of
mitogenic stimulation and smooth muscle cell pro-
liferation. Heparin administration prior to or during
this stage can slow down such process and protect
heparan sulphate, which helps to keep VSMC’s in a
calm, non-proliferative status (Bar-Ner, 1987).
Thrombin is a well-recognized mitogen for various
types of cells, including VSMC’s (Chen and Buchanan,
1975; Bar-Shavit et al., 1990; Wilcox et al., 1992), but
its direct influence on VSMC proliferation in patients
following angioplasty has not been fully elucidated
(Guyton et al., 1980; Hoover et al., 1980; Castellot et
al., 1984). It has been proven that heparin fragments
(including pentasaccharides) lacking anticoagulant
properties have the same inhibitory effect on VSMC'’s
as those with anticoagulation (e.g. thrombin-inhibit-
ing) activity. This does not comply with the theory that

thrombin itself is most potent stimulator of VSMC
proliferation (Guyton et al., 1980; Hoover et al., 1980;
Castellot et al., 1984; Wright et al., 1989; Pukac et al,,
1991). Hoover et al. (1980) found that heparin can
inhibit VSMC proliferation even in an environment of
antithrombin-free plasma. The presence of sulphate is
necessary for this process, since de-sulphated heparin
loses its inhibitory properties for VSMC (Castellot
et al., 1984). Other glycosaminoglycans, such as der-
matan sulphate, hyaluronic acid and chondroitin
sulphate do not inhibit VSMC proliferation with the
same strength as heparan sulphate (Castellot et al.,
1981; Fritz et al., 1985).

Some experimental studies suggest that a-throm-
bin bound to VSMC'’s may initiate their prolifera-
tion (Bar-Shavit et al., 1990; Wilcox et al., 1992).
Whether this is the case for in vivo intimal thicken-
ing and how big is the role of thrombin catalytic
activity, remains open for discussion. One possible
explanation may be a direct interaction between
the non-enzymatic domain in thrombin and its
receptor on VSMC’s. Some failures have occurred
after the use of heparin in clinical studies, while
experimental animal models generally showed very
good results. This might be due to different dose
regimens applied (Guyton et al., 1980; Clowes and
Clowes, 1985, 1986; Dryjski et al., 1988; Wilson, et
al., 1991; Edelman and Karnovsky, 1994).

3.7. Indications of heparin

Even though venous thromboembolism (VTE)
remains the main indication, heparin has been
widely used also in patients with arterial throm-
bosis. Especially in cases where coumarin deriva-
tives cannot be given, heparin’s ability to potentiate
fibrinolysis and stimulate TFPI release can be of
benefit (Penka and Bulikova, 2006).

Mueller (2004) describes the following indica-
tions recommended by the American College of
Chest Physicians (ACCP):

Prophylaxis of deep vein thrombosis in gener-
al surgery, gynaecology and urology, in middle-
and high-risk patients, in total hip replacement
and hip arthroplasty, as well as in neurosurgery;
Prophylaxis of VTE in acute myocardial infarction
or acute stroke, and in high-risk patients with mul-
tiple disorders; Treatment of deep vein thrombosis;
Early treatment of an acute myocardial infarction
(AMI) using thrombolytics or in patients at risk of
embolization; in AMI treatment, a combination
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of heparin with acetyl salicylic acid (ASA) is rec-
ommended; Early treatment of an unstable angina
pectoris; Uncomplicated percutaneous coronary an-
gioplasty (PCA); Treatment of cardioembolic disease
affecting large vessels, especially in connection with
risk of VTE; Treatment of an acute thromboembo-
lism; Peripheral vascular reconstructive surgery;
Cardioversion in patients suffering from atrial fi-
brillation, during cardiopulmonary bypass, during
intraarterial balloon contra-pulsation and hemodi-
alysis; Treatment of cerebral sinus venosus throm-
bosis; Treatment of aseptic thrombotic endocarditis
and embolization; Prophylaxis of patients with dis-
seminated carcinoma and aseptic valvular prolifera-
tion; Selected cases of disseminated intravascular
coagulopathy; Prophylaxis of pediatric patients fol-
lowing Blalock-Taussig shunt or following Fontan
procedure; Prophylaxis in pregnant and post-partu-
rition women with a history of deep vein thrombosis
— replacement of coumarin derivatives, at least till
13 week of gravidity and again in the 3" trimester:
recommended especially in thrombophilic women
with repeated abortions, preeclampsia, placental
disorders and/or intrauterine growth deformity of
the foetus; Anticoagulation of blood collected for
laboratory analysis; Anticoagulation of catheters and
cannulas during regular patient care.

3.8. Side-effects of heparin

Thrombocytopenia is probably the most frequent
complication relating to heparin treatment (1.1 to
2.9% of patients). Some allergic reactions (fever,
rage, rarely asthma or anaphylaxis), local bleeding
(from injection site, or from ulcers), hemorrhagic
diathesis (from mucous membranes, skin, to the
cavities or retroperitoneally), intra-organ bleeding
(CNS, adrenal glands, ovaries), heart arrhythmias,
skin necrosis, alopecia, elevation of transaminase
activity and hyperlipidemia may also occur. Long-
term treatment may result in osteoporosis causing
spontaneous bone fractures (Hirsh, 1999).

3.8.1. Heparin-induced thrombocytopenia
— HIT

Heparin-induced thrombocytopenia (HIT) is a
quite common immuno-mediated complication
of treatment by both unfractionated heparin and
low-molecular heparin fragments, especially in

536

patients with high morbidity and mortality due to
thrombosis (Boshkow et al., 1993).

Heparin binds to platelets, activating platelet factor
IV and stimulating its release (Salzman et al., 1980).
Then, heparin creates a complex with platelet factor
IV, stimulating antibodies primarily responsible for
thrombocytopenia (Kelton et al., 1994). The incidence
of thrombocytopenia may vary; however, randomized
studies have reported incidences of somewhere
around 3% (Warkentin, 2004). This starts usually be-
tween day 5 and day 15 of treatment, with a median of
10 days (Hirsh et al., 1995). In patients with a history
of previous treatment with heparin, thrombocytope-
nia may occur as early as one hour after the beginning
of therapy. The incidence of either arterial or venous
thrombosis in patients with HIT remains unknown.
It has been suggested that thrombosis may develop
in up to 20% of patients suffering from HIT affecting
patients treated with low-molecular weight heparins,
as well, even though the incidence is lower. Recently,
according to some studies (Chong et al., 1989a), a syn-
thetic heparinoid named danaparoid sodium gives the
lowest rate of thrombocytopenia events, having very
little contaminants and revealing almost no affinity to
platelet factor IV antibodies (cross-reactions to HIT)
(Chong et al., 1989b).

3.8.2. Osteoporosis

Osteoporosis has been a well-recognized compli-
cation in patients undergoing long-term treatment
with heparin. Some clinical data show that over three
months of treatment, spontaneous fractures occur
in 2 to 3% of patients and one third of patients ex-
perience an asymptomatic but substantial loss of
bone density (Dahlman, 1993; Barbour et al., 1994;
Monreal et al., 1994).

It has been confirmed by a set of studies that
heparin: (1) induces bone resorption (Shaughnessy
et al., 1995), (2) decreases the volume of spongi-
ose bony tissue (Muir et al., 1996), (3) decreases
total amount of osteoblasts; osteoclasts prevail in
an experimental rat model — the effect is observed
more often in unfractionated heparin than in low-
molecular weight heparins (Melissari et al., 1992).

4. Low molecular weight heparins - LMWH’s

The development of low-molecular weight
heparins was accelerated by the discovery that



Veterinarni Medicina, 55, 2010 (11): 523-546

Review Article

administration of these substances decreases bleed-
ing while maintaining the same antithrombotic ef-
ficacy when compared with heparin itself (Carter et
al., 1982; Esquivel et al., 1982; Holmer et al., 1982;
Cade et al.,, 1984; Andriuoli et al., 1985; Bergquist et
al., 1985). Clinical studies show that low-molecular
weight heparins (LMWH’s) are effective especially
in the prevention and treatment of venous throm-
bosis (Hull et al., 1991; Prandoni, 1991; Columbus
Investigators, 1997; Klein et al., 1997; Hirsh, 1998).

LMWH'’s are obtained by either chemical or enzy-
matic de-polymerization of standard heparin (Ofosu
and Barrowcliffe, 1990; Weitz, 1997). Standard — un-
fractionated heparin (UFH) consists of a mixture of
polysaccharide chains, with molecular weights of be-
tween 3000 and 30 000 Da - with a mean molecular
weight of around 15 000 Da (Anderson et al., 1979;
Harenberg, 1990; Ofosu and Barrowcliffe, 1990;
Hirsh, 1991; Weitz, 1997). Low-molecular weight
heparins are also heterogenic, but with a narrower
range (1000 to 10 000 Da; mean 3000 to 5000 Da,
the numbers vary according to different authors)
(Anderson et al., 1979; Harenberg, 1990; Ofosu and
Barrowcliffe, 1990; Hirsh, 1991; Weitz, 1997).

Generally, low-molecular weight heparins have
different anticoagulant profiles, bioavailabilities,
pharmacokinetics and platelet interactions. Their
safety standards have been proven to be better than
standard heparin in animal models (Klement et al.,
1999) (Table 3).

4.1. Anticoagulation properties of LMWH’s

Like unfractionated heparin, low-molecular
weight heparins possess unique anticoagulant
properties through their activation of antithrombin
(Rosenberg, 1975; Hook et al., 1976; Lindahl et al.,
1979, 1984; Rosenberg et al., 1979; Casu et al., 1981;
Choay et al., 1981, 1983; Bjork and Lindahl, 1982;

Table 3. An overview of low-molecular weight heparins

Weitz, 1997; Turpie, 1998). The critical pentasac-
charide is present in approximately one third of
chains in UFH and in less than one third of the
molecule in LMWH’s. Activation by pentasaccha-
ride is associated with conformational changes
(Olson et al., 1981; Turpie, 1998), enabling inacti-
vation of thrombin (factor Ila) and factor Xa by a
fibrinogen molecule (Rosenberg, 1975). Both UFH
and LMWH may act in a heparin — antithrombin
complex as a catalyst of thrombin inactivation
(Rosenberg, 1975; Rosenberg et al., 1979; Bjork
and Lindahl, 1982; Olson and Shore, 1982; Turpie,
1998). For the heparin — antithrombin complex to
create a bridge to thrombin, it takes a chain of at
least 18 saccharides, while for factor Xa inactiva-
tion, just one pentasaccharide molecule is needed
(Bjork and Lindahl, 1982; Olson and Shore, 1982;
Turpie, 1998). Needless to say, dekaoctosaccharide
(19 monomers) or a bigger molecule is present in
all UFH preparations, but only in 25 to 50% of all
LMWH’s (Holmer et al., 1981; Lindahl et al., 1984;
Holmer et al., 1986). For this reason LMWH’s are
more or less Xa-selective inhibitors, while the an-
ticoagulant activity of UFH is approximately the
same for both factors (anti IIa : anti Xa ~ 1:1)
(Hirsh, 1991). At present, commercially available
low-molecular weight heparins have an anti Ila :
anti Xa ratio of between 1:2 and 1: 4 — depending
on the molecular weight of the active substances
(Weitz, 1997; Turpie, 1998).

4.2. Pharmacokinetics of LMWH’s

The binding affinity of the two sulfated polysac-
charides to plasmatic proteins and endothelial
cells indicate their pharmacokinetic properties
(Barzu et al., 1984, 1985; Lane et al., 1986; Weitz,
1997; Turpie, 1998). Heparin-binding proteins tend
to build stronger bonds to UFH than to LMWH’s

Substance Brand name Half-life Anti-Xa/anti-IIa Mean molecular weight (Da)
Nadroparine Fraxiparine 201 3.2 4500
Dalteparin Fragmin 228 2.7 5000
Enoxaparin Clexane 275 3.3 4800
Reviparin Clivarin 180 35 4000
Tinzaparin Innohep 200 1.8 4500
Certoparin Sandoparin 258 4.2 7600
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(Lane et al., 1986; Preissner and Muller-Berghaus,
1987; Sobel et al., 1991), which actually increases
the bioavailability of LMWH’s in plasma even at
lower doses. Moreover, the dose-dependent action
of LMWH’s (no reduction by plasma-protein bind-
ing) means they act in a much more predictable
fashion (Handeland et al., 1990). LMWH’s don’t
bind to tissue-cultured endothelial cells (Barzu et
al., 1984, 1985, 1987), which may contribute to their
prolonged in vivo half-life (Boneu et al., 1988; Briant
etal., 1989). The main mode of LMWH metabolism
and excretion is through the kidney and urinary sys-
tem (Palm and Mattsson, 1987; Boneu et al., 1988).
LMWH'’s have a significantly lower affinity to von
Wilebrandt factor (vWF) (Sobel et al., 1991) than
UFH, which may decrease the probability of exces-
sive bleeding complications at the same dose regi-
men (Esquivel et al., 1982; Andriuoli et al., 1985).

4.3. Efficacy and safety of LMWH’s in an
animal model

Standard (unfractionated) heparin has been com-
pared with low-molecular weight heparins, ORG
heparinoid and dermatan sulphate on various ex-
perimental animal models with regard to their an-
tithrombotic and hemorrhagic responses (Esquivel
et al., 1982; Ockelford et al., 1982; Andriuoli et al.,
1985; Hobbelen et al., 1987; Van Ryn-McKenna et
al., 1989; Currier et al., 1991). In one model, ven-
ostasis was achieved by vessel ligation and blood
coagulation was induced by injection of serum, fac-
tor Xa, thrombin, or tissue factor (Ockelford et al.,
1982; Van Ryn-McKenna et al., 1989). In these mod-
els, LMWH’s are slightly less effective than UFH;
however, they cause significantly less systemic
bleeding under standardized conditions (Esquivel
et al., 1982; Ockelford et al., 1982; Hobbelen et al.,
1987). Whenever these sulphated polysaccharides
are compared to each other, their effect on platelets
(Fabris et al., 1983; Fernandez et al., 1986; Sobel et
al., 1991), as well as on blood vessel permeability
(Blajchman et al., 1989) should be kept in mind.

4.4. LMWH’s in the prevention of arterial
thrombosis — clinical studies

Low-molecular heparins are superior to UFH in
many ways. Their significantly longer half-life and
predictability of antithrombotic response allow a
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single dose treatment regimen with no laboratory
monitoring required (Weitz, 1997; Turpie, 1998).
A higher safety index allows even higher doses
during treatment. In some prevention studies, an
increased dose of LMWH was found to be more
effective and safer in patients experiencing bleed-
ing complications following UFH administration
(Levine et al., 1991; FRISC Study Group, 1996; Zed
et al., 1999). Similar results have been obtained
from studies dealing with prevention and treatment
of both arterial and venous thrombosis (Hull et
al., 1991; Prandoni, 1991; Columbus Investigators,
1997; Klein et al., 1997; Hirsh, 1998). LMWH’s have
been accepted as a replacement therapy in cases of
heparin-induced thrombocytopenia (Prifti et al.,
2000). Moreover, osteoporosis occurs significantly
less frequently in patients treated with LMWH’s
than in those undergoing UFH treatment (Monreal,
1994).

4.5. Administration and monitoring of
LMWH’s

The common route of administration for LMWH’s
is deep subcutaneous injection, usually once or
twice a day. The dose regimen may vary according
to the desired plasma levels, e.g., whether it is for
prevention or treatment, or according to diagnosis
and degree of risk for a specific patient.

Low-molecular weight heparins don’t prolong
basic coagulation times (APTT, Thrombin Time)
at treatment doses. The fact that there is no need
for close monitoring makes the whole therapy more
convenient, and means they can be applied in an
out-patient manner. However, in pregnant women
and in children, close monitoring of the treatment
is still recommended. The principle of plasma level
establishment is based on their anti-Xa activity. Low-
molecular weight heparin forms dimers with anti-
thrombin and these complexes inactivate pre-defined
amounts of activated factor X. So, a decrease in Xa
levels negatively correlates with the LMWH plasma
concentration. Therapeutic levels of LMWH’s may
vary from 0.3 to 0.7 IU of anti Xa/ml

5. SUMMARY

Unfractionated heparin is a drug widely used in
the treatment and prevention of arterial and venous
thrombosis. Nevertheless, low-molecular weight



Veterinarni Medicina, 55, 2010 (11): 523-546

Review Article

heparins, which utilize the same mode of action,
and which possess better anticoagulant properties
and wider safety margins represent an attractive
alternative. To name some advantages, they have
a longer half-life and there are clear-cut clearance
mechanisms, making the dose response of the drug
more predictable. That is not the case for unfrac-
tionated heparin, which can be easily administered
at too high a concentration or, coversely, at too low
a dosage. Therefore, to adjust the dose and pre-
vent bleeding complications, a sustained laboratory
monitoring of APTT has been designed and the
patient should be closely monitored during therapy.
Unlike in heparin treatment, a single dose regimen
of LMWH significantly decreases the hospitaliza-
tion period, allowing out-patient care. The low
incidence of not only bleeding complications, but
also heparin-induced thrombocytopenia (HIT) and
osteoporosis makes these substances more useful
even in high-risk patients.

On the other hand, we should keep in mind that
LMWH’s represent in fact a variety of fragments,
with slightly different pharmacokinetics and differ-
ent dose response. The differences stem mostly from
the unique molecular structure of each fragment,
which can pre-define its mode of action. Therefore,
the physician must regard several aspects, namely
the bioavailability of an active substance, its half-
life, specific indication and safety margins of the
drug. Even though close monitoring is not recom-
mended during treatment with LMWH’s, each pa-
tient should be carefully inspected prior to therapy
and observed during and after treatment is stopped,
to compare efficacy and safety.

6. CONCLUSION

Both unfractionated heparin and low-molecular
weight heparin are useful in the treatment and
prevention of arterial thrombosis. Low-molecular
weight heparins, thanks to their unique molecular
structure, possess some clear advantages over UFH.
However, more clinical studies are needed to estab-
lish their clear superiority as well as other possible
consequences of their administration.
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