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Abstract. – Background: This review pro-
vides an outline of the main pharmacological
and clinical features of low molecular weight he-
parins (LMWHs) and a wider description of re-
viparin. The basic pharmacological properties of
LMWHs are compared with those of unfraction-
ated heparin, showing clear advantages of the
former, mainly as for pharmacokinetic profile.

Design: Consequently LMWHs are character-
ized by a more predictable behaviour. A key is-
sue is the lack of “bioequivalence”: LMWHs are
in fact distinct chemical entities, with typical
pharmacological and clinical profile for each
agent. Therefore, they are not reciprocally inter-
changeable. The efficacy and safety of re-
viparin, a second generation LMWH, has been
evaluated in many clinical trials as both throm-
bosis prevention and treatment. Reviparin use
is documented in general and orthopaedic
surgery. In patients undergoing abdominal
surgery reviparin resulted more effective and
better tolerated than unfractionated heparin
(UFH). In total hip replacement patients, re-
viparin compared favourably with enoxaparin,
showing the same efficacy but better safety. In
patients who undergone total hip replacement,
also the long-term, out of hospital prevention of
deep vein thrombosis (DVT) has been proven.

Conclusions: The comparison with aceno-
coumarol demonstrated that reviparin was more
effective in preventing DVT recurrences and far
better tolerated than oral anticoagulant treat-
ment. Reviparin was also effective and well tol-
erated in immobilised patients following leg in-
jury with plaster casts or braces applications.
Positive results were also obtained in the treat-
ment of venous thromboembolism in well-de-
signed studies on large patient populations. In
this indication reviparin compared favourably
with iv UFH. As for the use in cardiology patient,
reviparin is at present the only approved LMWH
for the prevention of acute thrombotic events in
patients undergoing percutaneous transluminal
coronary angioplasty.
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Outline of Low Molecular Weight
Heparin Pharmacology

Low molecular weight heparins (LMWHs),
marketed first in Europe from the second half of
’80, represented a new therapeutic measure, not
only alternative and more practical, but also often
more effective than standard heparin in many
clinical fields1-3.
As known, the search on LMWHs (obtained

by unfractionated heparin (UFH) through differ-
ent chemical or enzymatic methods) has been
prompted by some basic observations:
– markedly lower activity of LMWHs on factor
IIa than on factor Xa of the coagulation cas-
cade4,5;

– higher risk/benefit ratio of LMWHs versus
UFH in animal models6,7;

– strongly better clinical pharmacokinetic profile
of LMWHs versus UFH8-13.

The pharmacological differences between var-
ious LMWHs are largely explained by different
methods of production and by varying propor-
tions in chains of different length: short, medium
and long chains1.
LMWHs, showing a mean molecular weight

of 4,000-5,000 d (range 2,000-9,000 d), are char-
acterised by a reverse anti-IIa/anti-Xa ratio and
also by a reduced interaction with blood cells and
plasma proteins2. This implies a more predictable
behaviour versus UFH and a lower risk of he-
parin-induced thrombocytopenia2,14-16.
As for clinical pharmacokinetics, LMWHs ex-

hibit a bioavailability by subcutaneous (sc) route
close to 100%, a peak plasma level following sc ad-
ministration at 3-5 h, a predictable dose-response
profile and an elimination half-life of 3-6 h2-16.
It is easily understandable, therefore, the inter-

est stimulated among clinicians and researchers
by this new class of molecules, that has been de-
veloped in many indications as prophylactic and
therapeutic measures2.
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Role of LMWHs in Clinical Practice

It is definitely acquired that clinicians should
base their therapeutic decisions on the best avail-
able medical evidence as, for example, that pro-
vided by randomised controlled clinical trials17.
A strong support is also given by Guidelines

worked out by the most reliable Medical Associ-
ations as, for instance, the American College of
Chest Physicians18.
According to the recommendations of the

most recent international guidelines, LMWHs are
now properly indicated in prophylaxis and thera-
py of deep vein thrombosis (DVT) in the medical
conditions listed in Table I.
In each of the above mentioned conditions, the

decision of adopting a prophylaxis with LMWH
as well as the application protocol (doses, time of
administration, possible association with other
measures, etc) will depend on the thrombotic risk
of each single patient and on the balance with the
haemorrhagic risk, as provided in detail in the
Guidelines already quoted18-21.
In fact, specific Guidelines and different Con-

sensus Conferences reported in detail the patient
characteristics requiring routine DVT prophylax-
is and other categories, where special preventive
measure and possible precautions are needed19.

Differentiation of LMWHs

Due to the various depolimerization techniques
adopted to obtain different LMWHs, the resulting
products show molecular and structural differences
and, consequently, different profiles: it is impor-
tant, therefore, to start underlying that the several
LMWHS on the market are not reciprocally inter-
changeable on weight basis or anti-Xa activity22-24.
In fact, it is now definitely acquired that:

1. The various LMWHs are distinct entities;
2. They exhibit typical pharmacokinetic and phar-
macodynamic features for any single agent;

3. Each drug shows a definite efficacy and safety
profile;

4. The “bioequivalence” does not exist;
5. Therefore, LMWHs are not reciprocally inter-
changeable1,25-28.

The major Regulatory Authorities, particularly
Food and Drug Administration (FDA) and Euro-
pean Medicines Agency (EMEA), clearly stated
that LMWHs are distinct pharmacological
agents, each showing a unique therapeutic profile
in different clinical conditions23.
For instance, in surgical patients at high risk of

venous thromboembolism (VTE), reviparin, the
most recently marketed LMWH, resulted as ef-
fective as enoxaparin but with a far better safety
profile29.

Safety of LMWHs:
Some Critical Issues

In spite of the great amount of clinical studies,
some aspects concerning safety and optimal use
of LMWHs still need deeper evaluations25. For
instance, even if their safety at therapeutic doses
has been evaluated in proper clinical trials, some
doubts on specific issue still remain25.

Patients at High Haemorrhagic
Risk/Renal Failure
As in these cases the main problem is repre-

sented by bleeding events, one relevant question
is if the fixed dose, not adjusted on activated par-
tial thromboplastin time (aPTT) values, could be
considered safe in patients at documented haem-
orrhagic risk as elderly, obese, pregnant and renal
failure patients25.
In patients with severe renal failure (creatinine

clearance < 30 ml/min), needing a therapeutic

Prophylaxis
Orthopaedic surgery Hip replacement

Knee replacement
Arthroscopic surgery
Hip fracture
Elective spine surgery

Neurosurgery
Surgery Major general surgery

Gynaecologic surgery
Vascular surgery
Urologic surgery
Laparoscopic surgery
Bariatric surgery
Thoracic surgery
Coronary Artery Bypass
Graft (CABG)

Traumatic conditions Trauma
Spinal injury
Burns

Non surgical patients
Oncology patients
Intensive care patients

Therapy
Deep vein thrombosis (DVT)
Pulmonary embolism (PE)

Table I. Clinical use of LMWHs18-21.
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dose, UFH should certainly be considered a safer
option.
All above mentioned patients are usually ex-

cluded from clinical trials and the most part of
data on these cases is provided by pharmacoki-
netic or pharmacodynamic studies. Consequent-
ly, little information is available – unfortunately
– on the possible precautions to be adopted in pa-
tients with chronic real failure showing higher
blood anticoagulation, due to a reduced elimina-
tion rate25,30.
A growing number of major bleeding events,

sometimes fatal, has been reported in patients
with reduced renal clearance and it is clear that
the lack of dose adjustment remains one of the
unsolved issues in these cases30.
More exactly, it has been noticed that the ac-

cumulation of anti-Xa activity is an effect of
varying intensity depending on the LMWH
used25.

Risk of Spinal/Epidural Hematoma
in Neuraxial Anaesthesia in Surgical
Patients Under Anticoagulant Therapy
Regional neuraxial anaesthesia is a highly ef-

fective procedure, allowing optimal conditions
both intra- and post-operatively (anaesthesia,
analgesia and muscle ralaxation) and, therefore,
widely adopted31,32.
As well known, in neuraxial anaesthesia,

spinal hematoma is a rare complication, but also,
unfortunately, potentially devastating31,32.
One of the major challenges in VTE prophy-

laxis with LMWHs in surgery under neuraxial
anaesthesia is surely represented by the risk of
spinal/epidural hematoma31-35.
Even if this complication is rarely observed,

the severity of its sequelae needs an extreme care
in adopting perioperatively antithrombotic pro-
phylaxis with LMWHs in surgical patients un-
dergoing neuraxial anaesthesia32,35.

Focus on Reviparin

The reasons for focusing on reviparin are main-
ly based on the fact that the markedly favourable
profile of this LMWH has been too often underes-
timated up to now. It should also to take into due
account that reviparin is the only approved
LMWH for the prevention of acute thrombotic
events in patients undergoing percutaneous trans-
luminal coronary angioplasty (PTCA)36.
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It is, therefore, useful at this time an assessment
of the benefits provided by reviparin, clearly result-
ing from both, pharmacological and clinical data.

Pharmacological Profile

Reviparin, a second generation LMWH, is
characterised by an interesting pharmacological
and clinical profile37-39.
A summary of the main pharmacological

properties is given in Table II.
In clinical practice reviparin resulted markedly

effective and well tolerated in many indications.
Clinical studies demonstrated that reviparin can
maximise the antithrombotic activity minimising
at the same time the haemorrhagic risk37.

Clinical Efficacy

1-VTE Prophylaxis

Abdominal Surgery39
In a European multicentre trial (15 Centres),

double-blind, randomised, controlled versus
UFH, 1,351 patients scheduled to abdominal
surgery were randomly assigned to reviparin
(n=672) or UFH (n=679). The end points were
incidence of DVT, pulmonary embolism (PE),
and haemorrhagic complications (including
wound hematomas). 655 patients received sc re-
viparin 1,750 anti-Xa IU od and 677 received sc
UFH 5.000 IU bid. The first dose was adminis-
tered 2 h before intervention and the second 8 h
after the end of intervention. 648 patients in re-
viparin group and 663 in the UFH group were
evaluable for clinical activity.

• Obtained by nitrous acid depolimerization followed
by chromatografic purification

• Mean molecular weight (MMW): 3,900 d
• Narrow range of MMW: 3,500-4,500 d
• More than 90% of chains shows a MMW of 2,700-
3,600 d

• Polydispersion index of 1.13
• Bioavailability > 90%
• Half life by sc route: 3.3 h
• Plasma levels 5 times higher than UFH
• Plasma levels 3 times more prolonged than UFH
• Anti-IIa/anti-Xa ratio ≥ 3.6
• No influence on blood coagulation tests

Table II. Main pharmacological properties of reviparin37-40.
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While as for the antithrombotic efficacy the two
treatments appeared practically equivalent, on the
contrary the safety resulted significantly in favour
of reviparin, with only 55 patients who developed
haemorrhagic complications versus 80 cases ob-
served in the UFH group (p=0.03) (Figure 1).
In addition, it is to be noted that statistically

significant differences were recorded for almost
all safety end points, not only the total haemor-

rhagic complications but also wound hematomas,
all wound complications, thoracic and abdominal
haemorrhages and those in extra-operatory sites,
as well as complications in the site of injection.
This study allows to conclude that reviparin,

even a very low dose (such as 1,750 anti-Xa IU),
is able to effectively reduce the thrombotic risk,
with a safety profile far more favourable than
UFH.
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Figure 1. Safety of reviparin 1,750
anti-Xa IU od as compared with
UFH 5,000 IU bid in patients who
undergone abdominal surgery. His-
tograms report the percentage of pa-
tients with complications (from
Kakkar VV, et al, mod)39.

0

5

10

15

20

25

30

Figure 2. Prevalence of bleeding
complications: percentage of patients
with brusing or wound haematoma
during the treatment period with re-
viparin 4,200 anti-Xa IU and enoxa-
parin 4,000 anti-Xa IU (from Planès
A, et al, mod.)29.
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Orthopaedic Surgery29
A prospective, double-blind, randomised, multi-
centre trial (17 Centres) was carried out in pa-
tients undergoing total hip replacement, with the
objective of comparing reviparin and enoxaparin.
498 patients were selected, 247 randomised to

reviparin 4,200 anti-Xa IU and 251 to enoxaparin
4,000 anti-Xa IU. The first dose was adminis-
tered 10-12 h before intervention and a daily ad-
ministration was maintained until discharge.
Presence of DVT was revealed by phlebography.
As for the safety, only 3 major bleeding events

were recorded (1 in the reviparin group and 2 in
the enoxaparin group) and 1 minor bleeding (in
the enoxaparin group).
Peri- and postoperative blood loss, as well as

transfusion requirements, were not different be-
tween the two groups. However, reviparin was
associated to a trend toward a lower risk of com-
plications in the injection site, in addition to
higher levels of haemoglobin and blood red cells.
This study basically confirms the high an-

tithrombotic efficacy of reviparin, comparable to
that of enoxaparin, as well as the favourable safe-
ty profile, superior to that of enoxaparin: these
results indicate reviparin as a LMWH character-
ized by an optimal risk/benefit ratio.
To be mentioned also the antithrombotic effi-

cacy showed by reviparin in other orthopaedic
patients, at lower DVT risk than total hip re-
placement, such as the patients undergoing knee
arthroscopy41.
In a study conducted on 260 patients, reviparin

reduced the thromboembolic risk by 80% as
compared with the control group, not receiving
active treatment41. The study underlines, there-
fore, the need of an effective prophylaxis even in
moderate risk conditions, as arthroscopic surgery.

Long-term, After Discharge
Prophylaxis in Orthopaedic Patients42

Patients undergoing hip replacement are at
high thromboembolic risk, that affects not only
the hospitalisation period (by the way quite short
at present), but can persist for longtime.
In fact, according to recommendations provid-

ed by International Guidelines, in patients under-
going hip or knee replacement or hip fracture
surgery, the “minimal” duration of 10-day pro-
phylaxis should be extended up to 35 days after
intervention19.
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In the past, many hospital protocols already
scheduled a long term at home prophylaxis that,
until the LMWHs came, was carried out (by the
way not in Italy) through oral anticoagulants.
The main problem of these drugs, undoubtedly
effective, is the need of a systematic and regular
monitoring of blood coagulation for dose adjust-
ment, in order to reduce the bleeding risk19.
It is easily understandable, therefore, that

LMWHs appeared as a useful tool for prolonging
at home the antithrombotic prophylaxis after
surgery, provided the patients could comply with
a sc daily injection.
Reviparin, at fixed daily doses by sc route, has

been evaluated in a large multicentre randomised
study versus acenocoumarol for 6 weeks after
elective hip replacement42.
The SACRE study (Study Comparing Oral An-

ticoagulants with Reviparin) enrolled 1.322 pa-
tients undergoing total hip replacement, who re-
ceived sc reviparin 4,200 anti-Xa IU od (first dose
12 h before intervention and second dose 6-12 h
postoperatively), followed by 1 dose/day for 3 ± 1
days. At this time, in absence of any signs or
symptoms of DVT or PE, patients were ran-
domised to prolong reviparin prophylaxis or to
start acenocoumarol treatment for 6 weeks from
intervention. 644 out of 1.289 evaluable patients
received reviparin and 645 acenocoumarol.
Between the two groups, global differences

(considering all parameters of efficacy, safety,
mortality) were always statistically significant:
– intent-to-treat analysis: 4.6% difference, CI
2.0-7.2% (p=0.001)

– per protocol analysis: 6.1% difference, CI 2.9-
9.4% (p=0.001).

Similarly, also treatment failures resulted sig-
nificantly lower with reviparin as compared with
acenocoumarol in both analyses, as reported in
Table III.
In addition, another evaluation was performed,

precisely a regression analysis of composite end-
point (thromboembolic events/major bleed-
ings/deaths), that showed a trend significantly
favouring reviparin (p=0.001) (Figure 3).
The safety of reviparin was excellent, with

highly significant differences (p=0.001) as for
both, major and clinically relevant bleedings
(Figure 4).
In conclusion, this study confirms that re-

viparin allows a long-term at home prophylaxis
after high-risk surgery with marked efficacy and
safety.
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Intent-to-treat analysis Per protocol analysis

Reviparin Acenocoumarol Reviparin Acenocoumarol
Failures (n=643) (n=636) (n=501) (n=448)

Nr 24 53 21 46
% 3.7% 8.3% 4.2% 10.3%
p 0.001 0.001

Immobilization Following Trauma43

An interesting study (prospective, double-
blind controlled versus placebo) was carried out
to evaluate efficacy and safety of reviparin in pa-
tients immobilized by plaster casts or brace for
at least 5 weeks, following lower limb fracture
or Achilles’ tendon rupture. Incidence of throm-
boembolic events was estimated through phle-
bography, performed within a week after the
plaster cast or brace was removed or even be-
fore, in case of symptoms suggesting a DVT.
Out of 440 enrolled patients, 217 were ran-

domized to sc reviparin 1,750 anti-Xa IU/day
and 223 patients to placebo.
The results, expressed as DVT incidence in

317 evaluable patients, are reported in Figure 5.
These results clearly show that reviparin pro-

vided a significant reduction of the thrombotic
risk versus placebo: DVT 9% vs 19%; PE 0 vs 2
cases in placebo group.

Even the frequency of major bleeding events
was comparable between the 2 treatments: 2 pa-
tients under reviparin and 1 patient under placebo.
Finally, another extremely important aspect

must be stressed: the compliance. As in this
study the observed compliance was excellent, we
can foresee the possibility of a long-term prophy-
laxis with reviparin by sc route.

2-VTE treatment

COLUMBUS Study
As well known, before LMWHs became

available, PE treatment was based on continuous
iv infusion of UFH at doses adjusted on aPTT
values. The iv administration of 5-10 days, per-
formed in hospitalised patients, was followed by
at least 3 months of home therapy with oral anti-
coagulants.
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Figure 3. Trend of the composite
endpoint: thromboembolic events/
major bleedings/deaths (from Sama-
ma MM, et al, mod.)42.

Table III. Treatment failures under reviparin or acenocoumarol in patients undergoing hip replacement, treated for 6 weeks after
intervention (from M.M. Samama et al., mod.)42.
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The better pharmacokinetics and the more pre-
dictable activity provided by LMWHs appeared
as critical factors in stimulating the search and
development of effective and easy to handle pro-
tocols, adopting these new drugs at fixed doses
defined only on the body weight.
The encouraging results, initially obtained in

DVT patients, induced to widen the potential
population, including also PE patients.

In the COLUMBUS Study44, 1,021 patients
with symptomatic DVT (associated to PE in
nearly 1/3 of cases) were randomised to reviparin
treatment at fixed doses, adjusted on the body
weight or to iv UFH. Reviparin doses were:
3,500 anti-Xa IU bid for body weight <45 kg;
4,200 anti-Xa IU bid for body weight of 46-60
kg and 6,300 anti-Xa IU bid for body weight >
60 kg. UFH was administered in hospital as a iv
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Figure 4. Safety of reviparin 4,200
anti-Xa IU/day and acenocoumarol
in patients who undergone total hip
replacement and treated for 6 weeks
after intervention. Histograms repre-
sent the percentage of patients re-
porting at least 1 of the events in-
cluded in the composite endpoint
(intent-to-treat analysis) (from
Samama MM, et al, mod.)42.
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Figure 5. Incidence of total throm-
boembolic events in patients immo-
bilized for trauma and treated with
reviparin 1,750 anti-Xa IU/day or
placebo (from Lassen MR, et al,
mod.)43.
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Reviparin UFH
(n = 510) (n = 511)

VTE recurrences
Whole study 27 (5.3%) 25 (4.9%)
0-14 days 16 8
15-42 days 2 15
43-84 days 7 3
Major bleedings
Whole study 16 (3.1%) 12 (2.3%)
0-14 days 5 1
15-42 days 10 1
43-84 days 37 8

bolus of 5,000 IU followed by continuous iv in-
fusion of 1,250 IU/h and dose adjustments on
aPTT values. Starting from the first or second
day of therapy, heparin infusion was associated
also to an oral anticoagulant, whose administra-
tion was maintained for 12 weeks.
Both treatments resulted comparable, showing

the same efficacy (incidence of thromboembolic
recurrences) and tolerability (major bleedings) as
reported in Table IV.
In conclusion, the COLUMBUS Study

demonstrated that reviparin at sc fixed dose is as
effective as UFH at iv adjusted doses, not only in
DVT patients but also in PE patients and in those
with a story of VTE.

CORTES Study
It is important to stress that reviparin in the

CORTES Study resulted more effective than
UFH in the treatment of VTE. This discrepancy
can be explained by the longer interval between
symptoms appearance and start of pharmacologi-
cal treatment in the COLUMBUS Study as com-
pared with CORTES Study45. Anyway, reviparin
represents today a valuable alternative to UFH,
providing the benefits of a sc administration
without the need of systematic laboratory moni-
toring of blood coagulation values44-46.
As in all heparins, the presence in the speci-

men of the activation of platelets during collec-
tion can lead to a false low heparin assay in the
specimen. A care, thus, should be taken to collect
a high quality specimen assuring that has a very
low platelet count. Moreover, if plasma from a
heparinized sample sits on cells, the PF4, a natur-
al inhibitory of heparin, released from platelets,
may neutralize the heparin, resulting in a false
decrease of aPTT.

Role of Reviparin in
Cardiological Indications
As previously reported (see section “Focus on

reviparin”) reviparin is presently the only LMWH
approved for the prevention of acute thromboem-
bolic events in patients undergoing PTCA36.
It must be stressed that several widening of

cardiological use are expected following the pos-
itive evidence observed in many clinical trials.
Some of them are already concluded, while

other studies are still ongoing, in acute coronary
syndromes, and in myocardial infarction, with or
without ST-segment elevation47-49.
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