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Low-molecular weight heparins (LMWHs) have been shown to be as safe andAbstract
effective as unfractionated heparin (UFH) for the treatment of acute venous
thrombosis and non-life-threatening pulmonary embolism. Different reports have
shown that LMWHs may also be used to treat patients with unstable angina or
non-Q-wave infarction. The safety of LMWHs used at therapeutic dose has been
widely studied in pivotal clinical trials and analysed in several meta-analyses.
However, despite the wide development and use of LMWHs, several issues
regarding the safety and optimal use of LMWHs remain unanswered.
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The main adverse effect of LMWHs is bleeding and it is uncertain whether a
weight-adjusted dosage regimen without laboratory monitoring can be used in
patients with a high risk of bleeding, such as patients with renal failure, elderly
patients, obese patients or pregnant women. These patients are usually excluded
from clinical trials and only a few studies, not sufficiently powered to estimate
efficacy and safety, have been carried out in these special populations. Most of the
available data comes from pharmacokinetic or population pharmacodynamic
studies or clinical reports. Results in patients with renal impairment who are not
undergoing haemodialysis suggest that a reduction in calculated creatinine clear-
ance levels is associated with an increased risk of accumulation of anti-Xa
activity, the extent of which differs depending on the individual LMWH and the
extent to which the compound is cleared by the kidney. The limited data available
regarding the use of therapeutic doses of LMWHs in obese patients suggest that
there is no need to cap the dose at a maximal allowable dose. Long-term
(3-month) treatment with LMWHs appears to be as effective and safe as oral
anticoagulant therapy for the treatment of venous thromboembolism. It appears
that each LMWH is a distinct compound with unique pharmacokinetic and
pharmacodynamic profiles. Until more data are available regarding these special
populations, periodic monitoring of anti-Xa activity levels may be recommended
to detect accumulation and/or an overdose and minimise the bleeding risk.

The non-haemorrhagic adverse effects of the LMWHs include heparin-induced
thrombocytopenia (HIT) and osteoporosis. The incidence of HIT appears to be
lower with LMWHs than with UFH; there is currently not enough data to compare
the frequency of HIT between the various LMWHs. LMWHs also appear to carry
a lower risk of causing osteoporosis than UFH.

In conclusion, studies that include special population patients are required to
make conclusive recommendations concerning the safety and monitoring of the
different LMWHs.

It is many years now since low-molecular weight men without laboratory monitoring can be used in
heparins (LMWHs) became the treatment of choice patients with a high risk of bleeding, such as patients
for venous thrombosis. They have been shown to be with renal failure, obese patients or pregnant wo-
as safe and effective as unfractionated heparin men. These patients are usually excluded from
(UFH)  for  the  treatment  of acute  venous throm- clinical trials and only a few studies, not sufficiently
bosis and non-life-threatening pulmonary em- powered to estimate efficacy and safety, have been
bolism. They offer the potential for treating selected carried out in these special populations. Recommen-
patients in an outpatient setting, without the need for dations are necessary for these clinical subgroups.
laboratory monitoring or dose adjustment in the Heparin-induced thrombocytopenia (HIT) and oste-
majority of cases.[1] Different reports show that oporosis are some of the relevant non-haemorrhagic
LMWHs may also be used to treat patients affected adverse effects of LMWHs.
by unstable angina or non-Q-wave infarction.[2] In

This article reviews the current literature withall these settings, LMWHs have replaced UFH.
respect to the safety of LMWHs used at therapeuticDespite the wide development and use of
dose in the general population, excluding children,LMWHs, several issues regarding the safety and
as well as in special populations with a high risk ofoptimal use of LMWHs remain unclear, but could be
bleeding. However, as LMWHs have usually beenanswered with properly designed studies. The main
compared with UFH and not head-to-head, it isadverse effect of LMWHs is haemorrhage and it is

uncertain whether a weight-adjusted dosage regi- difficult to evaluate the comparative safety of the

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (4)
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Table I. Currently available low-molecular weight heparin preparations

Drug Production method Molecular weight (Da) Anti-Xa/IIa ratio[3]

Ardeparin sodium Peroxidative depolymerisation 5500–6500 2.0

Bemiparin sodium Alkaline depolymerisation 3000–4200 6–9

Certoparin sodium Isoamylic nitrate degradation 6000 2.0

Dalteparin sodium Nitrous acid depolymerisation 5000–5950 2.5

Enoxaparin sodium Benzylation and alkaline depolymerisation 3500–5500 3.6

Nadroparin calcium Nitrous acid depolymerisation 4200–4800 3.2

Parnaparin sodium Peroxidative depolymerisation 4000–5000 2.4

Reviparin sodium Nitrous acid depolymerisation 3550–4650 3.2

Tinzaparin sodium Digestion by heparinase 5800–6750 1.9

different LMWHs. Only indirect comparisons are 18 saccharide units (>5400Da), whereas heparin
available. molecules of any length can catalyse the inactivation

of factor Xa.[1] Moreover, the clearance of heparinA search was conducted on Medline between
chains is influenced by the chain length of the mole-1990 and November 2004 for articles containing the
cules, with the higher molecular weight fractionskeywords ‘low molecular weight heparins’ and ‘re-
cleared mostly through the reticulo-endothelial sys-nal insufficiency’, ‘renal failure’, ‘older patients’,
tem and the lower molecular weight species cleared‘obese’, ‘pregnant women’, ‘heparin induced throm-
mostly through the kidney.bocytopenia’, ‘osteoporosis’, ‘thrombocytosis’, ‘se-

rum potassium’, ‘monitoring’, as well as the names Monitoring of the anticoagulant effect of
of the available products. Only studies published in LMWHs is generally not thought to be necessary in
English during this period were selected. We also clinically stable patients. To date, it has not been
searched the Cochrane Library and reviewed ab- clearly demonstrated in any clinical trial that mea-
stracts from major international meetings. suring plasma anti-Xa activity levels correlates with

the outcome. Nevertheless, dose-finding studies
with LMWHs have shown that increasing the dose is1. Low-Molecular Weight Heparin
associated with high anti-Xa activity levels and an(LMWH) Preparations and
increased rate of major bleeding.[4,5] Thus, anti-XaPharmacodynamic Properties
activity monitoring may detect an overdose and/or

The pharmacodynamic and pharmacokinetic dif- accumulation of LMWHs in special populations.
ferences between UFH and LMWHs can be ex-
plained by the relatively lower binding properties to 2. Bleeding Risk with LMWHs in Patients
proteins or cells of LMWHs. This reduced binding is Included in Clinical Trials
responsible for the more predictable dose-response

In clinical trials, bleedings are usually reviewedrelationship of LMWHs compared with UFH.[1]

as major bleedings, whereas minor bleedings are notLMWH preparations are derived from UFH by
always reported. However, the definitions for majorchemical or enzymatic depolymerisation to yield
haemorrhages are heterogeneous. Depending on thefragments with a mean molecular weight ranging
studies, they include different criteria: bleeding thatfrom 3000 to about 6500Da (table I). Because they
led to interruption of treatment, bleeding associatedare prepared by various methods of depolymerisa-
with a decrease in haemoglobin level (≥2 g/dL),tion, they differ to some extent in pharmacokinetic
fatal, retroperitoneal or intracranial bleeding, orand pharmacodynamic properties. LMWHs exert
bleeding resulting in a transfusion of ≥2 units oftheir anticoagulant activity mainly by inhibiting fac-
blood. In this review, we will focus only on majortor Xa and thrombin. The relative anti-Xa and an-
bleeding.tithrombin (IIa) activity of LMWHs, expressed as

the anti-Xa/anti-IIa ratio, depends on the distribu- A number of compounds, administered once or
tion of molecular weight of each molecule. Anti-IIa twice daily, have been compared with UFH in the
activity requires long heparin molecules of at least initial treatment of patients with venous thrombosis

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (4)
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Table II. Incidence of major bleeding during heparin treatment of venous thromboembolism and combined relative risk from different meta-
analyses

Meta-analysis No. of patients Incidence of major bleeding (%) Relative risk p-Value

Low-molecular Unfractionated
weight heparin heparin

Lensing et al.[7] 1086 0.8 2.8 0.68 (95% CI 0.31, 0.85) p < 0.005

Siragusa et al.[9] 1684 2.2 4.7 0.42 (95% CI 0.2, 0.9) p = 0.01

Dolovich et al.[12] 4447 1.5 2.6 0.63 (95% CI 0.37, 1.05) p = 0.08

and/or pulmonary embolism. Meta-analyses have of 1.3% and 1.2% for once- and twice-daily treat-
ment, respectively.[12,17,18]been used to re-examine the results of these studies

and, depending on the selection criteria, have In the treatment of acute coronary syndromes
reached varied conclusions.[6-12] The overall results (unstable angina or non-ST-segment elevation myo-
of these studies show that the rates of major bleed- cardial infarction), LMWHs have been compared
ing, for a treatment duration of up to 10 days, were with UFH or placebo in trials, including very large
similar for all LMWHs and ranged from 0.8% to cohorts of patients:
2.4%. In meta-analyses that included only truly • dalteparin sodium (120 IU/kg/12h for 6 days vs
randomised studies for which a combined relative UFH, extended treatment with 7500 IU/24h for
risk was calculated, the results for major bleeding 40 days vs placebo)[19-21];
are in favour of LMWHs compared with UFH (table • nadroparin calcium (86 IU/kg bolus + 86 IU/kg/
II).[7,9,12] In the Cochrane database review, which 12h for 6 days vs UFH for 14 days vs placebo)[22];
included 14 randomised trials (4754 patients), at the

• enoxaparin sodium (ESSENCE [Efficacy andend of the initial treatment period (up to 10 days),
Safety of Subcutaneous Enoxaparin in Non-Q-major bleeding occurred in 1.3% and 2.1% of the
wave Coronary Events]: 1 mg/kg/12h for 2–8patients receiving LMWH and UFH, respectively
days vs UFH, TIMI [Thrombolysis In Myocardi-(odds ratio [OR] 0.60; 95% CI 0.39, 0.93).[13] Final-
al Infarction] 11B: 30 mg bolus + 1 mg/kg/12hly, in a meta-analysis including only patients with
for 4–6 days vs UFH, extended treatment with 40pulmonary embolism, major bleeding occurred in
mg/12h or 60 mg/12h for 43 days vs place-1.3% and 2.1% of the patients receiving LMWH and
bo).[23,24]

UFH, respectively (OR 0.67; 95% CI 0.36, 1.27).[14]

The results of these studies have been analysed in
Studies with bemiparin sodium as well as those a critical review published by Husted et al.[25] The

with certoparin sodium, which is the only LMWH incidence of major bleeding at 6 days was similar for
used at a fixed and bodyweight-independent dose, dalteparin sodium (1.1%), nadroparin calcium
have  not  been  included  in  the  different meta- (0.7–1.3%) and UFH (1%). In the nadroparin calci-
analyses presented here. These two LMWHs have um 14-day treatment group, the incidence was sig-
been shown to be as effective and safe as UFH in the nificantly higher (3.5%) than in the 6-day treatment
treatment of acute proximal deep venous thrombo- group and the 14-day UFH group (1.6%). The inci-
sis.[15,16]

dence of major bleeding with enoxaparin sodium
treatment was analysed either at 14 days (TIMI 11B)Once-daily treatment is more convenient for the
or at 35–45 days (ESSENCE) and was 1.5% versuspatient and may optimise home treatment. It was
1% for UFH, and 6.5% versus 7% for UFH, respec-initially thought that once-daily administration of
tively.[25]LMWHs would be associated with a higher risk of

bleeding. In fact, although only a few studies have One open-label study compared enoxaparin sodi-
compared head-to-head once- and twice-daily regi- um (1 mg/kg twice daily) and tinzaparin sodium
mens for the initial treatment of venous thromboem- (175 IU/kg once daily) that was administered for 7
bolism (VTE), results of the pooled data showed that days in acute coronary syndromes; the rate of major
once-daily treatment is as safe as twice daily, with a bleeding at day 7 was similar with the two mole-
rate of major bleeding during the 10-day treatment cules.[26]

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (4)
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In this section, we have reviewed the rate of with LMWHs, an estimate of the safety requires a
major bleeding in patients included in pivotal considerable number of patients. Such studies have
clinical trials. On a routine practice basis, in a recent not been carried out in patients with renal insuffi-
prospective observational study, the bleeding rate ciency and only clinical reports are available. The
was recorded during a 1-month period in hospital- first published studies were pharmacokinetic studies
ised patients who were treated with different with prophylactic doses in patients undergoing or
LMWHs.[27] Among the 99 patients who received a not undergoing haemodialysis. These studies are of
LMWH at therapeutic dose, seven bleeding events great interest since they evaluate the relationship
were recorded. Unfortunately, the authors did not between renal function and relevant pharmacokinet-
provide any clear information related to the type of ic parameters that should be used to establish specif-
bleeding and the characteristics of the patients (age, ic dosage recommendations. However, because of
renal function or other haemorrhagic risk fac- the diversity of patients included in the studies (pa-
tors).[27] tients undergoing haemodialysis and patients with

moderate or severe renal impairment) and of meth-In conclusion, although no head-to-head compar-
odology (single dose or multiple dose), it is difficultative studies are available, in terms of safety there is
to reach any conclusion about the use of LMWHs inno convincing evidence that LMWHs are clinically
these patients. These studies allow a crude assess-different when administered to ‘non-high-risk pa-
ment of the bleeding risk, but do not allow determi-tients’ in the treatment of VTE or acute coronary
nation of the absolute incidence rate of major bleed-syndrome.
ing events in this special population.

3. Bleeding Risk in Special Populations The characteristics of the studies which included
patients with renal failure who were treated with
LMWHs are summarised in table III and table IV.

3.1 Patients with Renal Insufficiency

3.1.1 Enoxaparin SodiumIn contrast to UFH, the clearance of LMWHs is
Among the different LMWHs, enoxaparin sodi-primarily via renal excretion. Thus, repeated admin-

um has been the most widely studied in patients withistration of therapeutic doses of LMWH to patients
renal failure (table III).with renal insufficiency may lead to an overdose

and/or accumulation, with an increased risk of Several pharmacokinetic studies at different
bleeding. The calculation of the creatinine clearance doses are available. Single-dose enoxaparin sodium
(CrCl) level using the Cockcroft and Gault formula (1 mg/kg) administered to eight patients with end-
is a useful and accurate way to quickly predict CrCl stage renal disease on an off-dialysis day showed a
without collecting urine.[28] The use of the CrCl as a 2-fold prolongation in anti-Xa activity half-life
method for screening patients at high risk of over- compared with values reported in healthy volun-
anticoagulation is attractive because of its easy per- teers.[32] At the single dose of 0.5 mg/kg in 12
formance. However, it is not clear whether any patients not undergoing haemodialysis, with a mean
particular cut-off in CrCl is a threshold below which CrCl of 11.4mL/min (range 5–21), the clearance of
there is a danger of accumulation of the anticoagu- enoxaparin sodium was two times lower in patients
lant effect of LMWHs.[29] with chronic renal failure.[30]

Renal function can be decreased either through Multiple-dose enoxaparin sodium (40 mg/day for
renal disease or as a consequence of ageing. Since 4 days) administered to three groups of 12 patients
age-related reduction in glomerular filtration may with mild (mean CrCl 66.4 mL/min), moderate
not lead to the same degree of accumulation as acute (mean CrCl 38.5 mL/min) or severe (mean CrCl
glomerular disease does,[29] we will review the data 19.3 mL/min) renal impairment resulted in a statisti-
concerning the safety of LMWHs in elderly patients cally significant decrease in anti-Xa activity clear-
separately (see section 3.2). ance on day 4 (–39%) only in patients with severe

Owing to the low incidence of major bleeding in renal impairment compared with volunteers who
patients treated for VTE or acute coronary syndrome had normal renal function (n = 12).[34] In a prospec-

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (4)
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Table III. Characteristics of studies including patients with renal failure treated with enoxaparin sodium classified according to the year of publication

Study Type of study Treatment Subjects

dose (route) duration renal status no. CrCl (mL/min)
Cadroy et al.[30] PK 0.5 mg/kg (SC) Single dose Normal 12 105

CRF 12 11.4 (5–21)

Gerlach et al.[31] Retrospective 30 mg/12h (SC) or 1 mg/kg/12h (SC) or ≥2 doses Normal 50 ND
40 mg/24h (SC) RI 53 ND

Brophy et al.[32] PK 1 mg/kg (SC) Single dose ESRD 8 ND

Collet et al.[33] Prospective 1 mg/kg/12h (SC) then adjustment to the 4d (mean) Normal 55 >60
anti-Xa activity Moderate RI 28 30–60

Severe RI 28 <30

Sanderink et al.[34] PK/PD 40 mg/24h (SC) 4d Normal 12 120.7 ± 11.3
Mild RI 12 66.4 ± 2.8
Moderate RI 12 38 5 ± 1.4
Severe RI 12 19.3 ± 2.0

Becker et al.[35] PK/PD from TIMI 11A 30mg (IV) bolus then 1 mg/kg/12h or 3d (median) Normal 273 >80
1.25 mg/kg/12h (SC) Moderate RI 149 40–80

Severe RI 11 <40

Bruno et al.[36] PK/PD from TIMI 11A 30mg (IV) bolus then 1 mg/kg/12h or 3d (median) Normal 393 >50
1.25 mg/kg/12h (SC) Moderate RI 51 30–50

Severe RI 4 <30

Chow et al.[37] Prospective 1 mg/kg/12h (SC) ≥3 doses Normal to mild RI 7 >60
Mild RI 6 31–60
Moderate RI 4 11–30
Severe RI 1 ≤10

Spinler et al.[38] Retrospective analysis 30mg (IV) bolus then ≤8d Normal 3432 86.7 ± 66.0
from TIMI 11B and 1 mg/kg/12h (SC) RI 69 24.8 ± 5.1
ESSENCE

Collet et al.[39] Prospective 1 mg/kg/12h, or 0.65 mg/kg/12h (SC) in ≥4d Non-severe RI 453 >30
severe RI patients with dose adjustment to Severe RI 62 ≤30
the anti-Xa activity

Montalescot et Prospective 1 mg/kg/12h (SC) or less in severe RI ≥4d Non-severe RI + normal 723 >30
al.[40] patients Severe RI 80 ≤30

Hulot et al.[41] Population, PK 1 mg/kg/12h (SC) or less 36h (mean) Severe RI to normal 60 56 ± 24

CrCl = creatinine clearance; CRF = chronic renal failure; ESRD = end-stage renal disease; ESSENCE = Efficacy and Safety of Subcutaneous Enoxaparin in Non-Q-wave Coronary
Events study; IV = intravenous; ND = not determined; PD = pharmacodynamic; PK = pharmacokinetic; RI = renal insufficiency; SC = subcutaneous; TIMI = Thrombolysis In
Myocardial Infarction study.
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tive multiple-dose study evaluating 18 patients with
varying degrees of renal function initiated on enox-
aparin sodium (1mg/kg/12h), the median anti-Xa
activities measured at peak level were higher in
patients with CrCl ≤30 mL/min.[37] A linear correla-
tion was found between CrC1 and anti-Xa activity
concentrations at peak level. On the basis of these
data, the authors believe that a dose adjustment is
necessary in patients with CrCl ≤30 mL/min who
receive repeated therapeutic doses of enoxaparin
sodium.[37]

In routine practice, enoxaparin sodium was
shown to result in increased bleeding complications
in 53 patients with renal impairment compared with
50 patients with normal renal function (30% vs
2%).[31] However, these results have to be inter-
preted with caution since this is a retrospective study
that included 103 patients, some of whom under-
went dialysis, some received different doses of
enoxaparin sodium for different indications, and
only serum creatinine levels and not CrCl was deter-
mined.

TIMI 11A, 11B and ESSENCE studies provide
relevant population pharmacodynamic data. The re-
sults of the TIMI 11A study have been re-examined
to evaluate the impact of renal function on factor Xa
inhibition pharmacodynamics and pharmacokinetics
after enoxaparin sodium administration (1 mg/kg/
12h or 1.25 mg/kg/12h) for a median duration of 3
days in 433 patients with acute coronary syn-
drome.[35] Patients with marked renal impairment
(CrCl <40 mL/min, n = 11) had higher plasma
trough and peak anti-Xa activity levels compared
with those with normal renal function and were
more likely to have major haemorrhagic events.
Moreover, a significant correlation between appar-
ent clearance of enoxaparin sodium and CrCL was
found (r = 0.85). Using population pharmacodynam-
ic and pharmacokinetic/pharmacodynamic models
in the TIMI 11A study, patients with CrCl <50 mL/
min (n = 55) had a mean decrease of 21% in enox-
aparin sodium clearance and a 2.4-fold increase in
the risk of major haemorrhagic events.[36] The au-
thors suggest that either dose modification (0.5 to
0.75 mg/kg/12h) or anti-Xa activity measurements
may be necessary in these patients to avoid poten-
tially dangerous levels of anticoagulation.[35] An
analysis of data from ESSENCE and TIMI 11B

 2005 Adis Data Information BV. All rights reserved. Drug Safety 2005; 28 (4)
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3.1.2 Tinzaparin Sodiumstudies of patients with acute coronary syndrome
A crossover pharmacokinetic study evaluatedtreated with enoxaparin sodium 1 mg/kg/12h for up

tinzaparin sodium 75 IU/kg administered as a singleto 8 days versus UFH showed that patients with
dose by two different routes (subcutaneous [SC] onsevere renal impairment (mean CrCl 24.8 mL/min)
an off-dialysis day and intravenous [IV] with dialy-experienced more major haemorrhages than patients
sis) to 12 patients undergoing long-term haemodial-

without renal impairment (6.6% vs 1.1%), whether ysis at least 2 weeks apart.[44] The anti-Xa activity
they were treated with UFH or enoxaparin sodi- clearance following tinzaparin sodium administra-
um.[38]

tion was reduced by 28% relative to patients with
A dose-adjustment proposal according to renal normal renal function. The anti-Xa activity returned

to baseline values within 12 hours following the IVfunction in patients with acute coronary syndrome
dose and 16–24 hours following the SC dose. Thesetreated with enoxaparin sodium has been investigat-
results suggest an absence of accumulation after oneed by Collet et al.[33,39] and Montalescot et al.[40] In
single dose of tinzaparin sodium in patients withthe most recent study by Collet et al.,[39] among 515
end-stage renal disease.[44]

consecutive patients, 174 would have been excluded
from randomised pivotal trials performed with 3.1.3 Nadroparin Calcium
enoxaparin sodium.[39] Heart failure and CrCl ≤30 Pharmacokinetic parameters of nadroparin calci-

um in various stages of chronic renal failure havemL/min were the most frequent exclusion criteria.
been studied after a single IV bolus injection of 100Patients with CrCl ≤30 mL/min were initially treat-
anti-Xa Institut Choay units/kg.[42] Three groups ofed with 65% of the recommended dosage (1 mg/kg/
patients were tested: seven haemodialysed patients,12h). A subsequent dose adjustment was made when
seven patients with a CrCl ranging from 10 to 20needed, aiming for a peak anti-Xa activity level
mL/min and five patients with a CrCl ranging frombetween 0.5 and 1.0 IU/mL. The bleeding rates
30 to 50 mL/min, and were compared with a group(major and minor) were similar in both groups at 30
of 12 healthy volunteers (CrCl 75–200 mL/min). In

days. Compared with the non-excluded patients, the three groups of patients, there was no significant
excluded patients had a 4-fold increased rate of difference between the pharmacokinetic parameters
death or myocardial infarction. However, does the and no correlation between these parameters and the
enoxaparin sodium dose reduction explain this CrCl. However, compared with the healthy volun-
higher rate or is this poor prognosis a result of the teers, the anti-Xa activity half-life was significantly
baseline characteristics of the patients? In an another prolonged in the three groups of patients. These
study of 803 patients, Montalescot et al.[40] showed results suggest an accumulation effect of nadroparin

calcium in patients with renal insufficiency.[42]that low anti-Xa activity (<0.5 IU/mL) was strongly
and independently associated with early mortality. 3.1.4 Dalteparin Sodium
The authors concluded that physicians must be In a prospective randomised study, the pharma-
aware that a dose reduction leading to lower anti-Xa cokinetics of dalteparin sodium (2500IU, IV) and
levels may increase the risk of mortality and recur- enoxaparin sodium (40mg, IV) were compared in 15
rent ischemic events.[40] Finally, a population phar- patients with end-stage renal disease undergoing
macokinetic study of enoxaparin sodium performed long-term haemodialysis.[45] No accumulation of an-

ti-Xa activity of either drug was noted over the 4-in a group of 60 patients, including patients with
week treatment period.renal failure, showed that bodyweight and determi-

nants of renal function (i.e. serum creatinine level 3.1.5 Reviparin Sodium
and gender) influence enoxaparin sodium clear- In ten haemodialysed patients, no meaningful
ance.[41] Based on these results, the authors suggest- prolongation in elimination of anti-Xa activity rela-
ed an individualisation of the dosage of enoxaparin tive to healthy volunteers was found after adminis-
sodium. However, the dose adjustment has to be tration of 55 IU/kg reviparin sodium to patients
validated in terms of efficacy and safety.[41] between two dialysis sessions.[43]
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3.1.6 Conclusion LMWHs. Thus, reliable evidence concerning the
These results support the notion that non- bleeding rate in older patients treated with repeated

haemodialysis patients who have a reduction in cal- therapeutic doses of LMWH and the safety profile
culated CrCl are at risk of accumulation of anti-Xa of LMWHs in the frail elderly population is needed.
activity to different extents depending on which Unfortunately, most clinical trials include too few
LMWH they are treated with. However, the results very elderly patients and there are only a few studies
do not allow determination of a cut-off at which the specifically devoted to the elderly.[49]

risk of accumulation increases, especially when no By pooling data on older patients treated with
relationship is found between the CrCl and the clear- therapeutic doses of various LMWHs included in
ance of heparin anti-Xa activity. As concluded by clinical trials, Merli[50] came to the conclusion that
Nagge et al.,[29] there appears to be no justification there was no evidence of an increased risk of major
for the use of a 30 mL/min cut-off in CrCl to select bleeding based on the age of the patient. However,
patients who are at increased risk of accumulation; this was a review that analysed subgroups of pa-
using this cut-off point might be dangerous for some tients and not studies aimed at evaluating the bleed-
LMWH preparations or might be overly cautious for ing risk in older patients.
others. The importance of an increased risk of Among LMWHs, only nadroparin calcium and
haemorrhage with decreasing renal function must be tinzaparin sodium at therapeutic dose have been
systematically weighed against the benefit of treat- specifically studied in older patients.[51-53]

ment when the use of a LMWH in patients with In a pharmacokinetic study, nadroparin calcium
impaired renal function is considered. Moreover, the 180 IU/kg was administered once daily for 6–10
decision to use reduced initial dosages for LMWHs days to 12 healthy young volunteers (mean age 25 ±
has not been evaluated in the treatment of acute VTE 4 years, mean CrCl 114 ± 15 mL/min), 12 healthy
and should be considered with great caution since it elderly volunteers (mean age 65 ± 3 years, mean
could be beneficial in terms of safety but deleterious CrCl 62 ± 6 mL/min) and to 12 older patients who
in terms of efficacy. The development of specific were hospitalised for acute deep vein thrombosis
dosage algorithms requires clinical trials and further (DVT) [mean age: 65 ± 11 years, mean CrCl 71 ± 24
investigation of patients with advanced renal insuf- mL/min].[51] After repeated administration, a signifi-
ficiency. cant accumulation of the anti-Xa activity (assessed

by measurement of maximum plasma concentration3.2 Older Patients With or Without
[Cmax] and area under the plasma concentration-Renal Insufficiency
time curve [AUC]) was observed in the healthy
elderly volunteers and in the older patients, but notA fall in glomerular filtration rate with age has
in the healthy young volunteers. There was no evi-been clearly demonstrated. In addition to increased
dence of accumulation of anti-thrombin activity. Inage, polypharmacy and co-morbid conditions,
contrast to the study conducted in patients with renalwhich are frequently encountered in the elderly,
failure treated with nadroparin calcium,[42] in thiscontribute to the renal failure in this population.
study there was a significant correlation between theRenal failure is not being detected in many elderly
CrCl and the clearance of anti-Xa activity.[51]patients because of the absence of an inappropriate

evaluation. Serum creatinine level alone shows a The two studies conducted with tinzaparin sodi-
poor sensitivity for the detection of renal failure in um included much older patients than the latter one
elderly patients.[46] Although the calculation of CrCl with nadroparin calcium. In the first study, 30 pa-
using the Cockcroft and Gault formula underesti- tients with acute VTE or atrial fibrillation (mean age
mates the CrCl by 20–30% in patients over 80 years 87 ± 6 years, mean CrCl 41 ± 15 mL/min [range
of age, this is currently the most accurate way to 20–72] ) received tinzaparin sodium 175 IU/kg once
estimate the renal function in these patients.[47,48] On daily for up to 10 days.[52] No progressive increase
one hand, the risk of bleeding is potentially higher in of the anti-Xa or anti-IIa activities measured at peak
the elderly and on the other hand, more older pa- level was noted after repeated administration of
tients have diseases requiring treatment with tinzaparin sodium over the 10-day treatment period.
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No correlation between CrCl and anti-Xa or anti-II netic profiles of nadroparin calcium, tinzaparin sodi-
activity was found. Since no patient had an anti-Xa um and enoxaparin sodium and the different results
activity above 1.5 IU/mL, the dose of tinzaparin obtained in the studies conducted in the elder-
sodium remained fixed over 10 days. The second ly.[37,51,52] Indeed, the higher proportion of high-
trial was a prospective study to evaluate the safety molecular weight chains in tinzaparin sodium com-
profile of tinzaparin sodium given at a therapeutic pared with other LMWHs accounts for the lower
dosage (175 IU/kg once daily) to very elderly pa- contribution of the kidney in the elimination process
tients treated for up to 30 days.[53] 200 inpatients of this compound.
with a mean age of 85 ± 7 years and a mean CrCl of As it has been suggested that very high anti-Xa
51 ± 23 mL/min (range 20–161) were included. The activity levels are associated with an increased
main indications for treatment were acute VTE or bleeding risk, it seems reasonable to recommend
atrial fibrillation and the mean duration of treatment monitoring of anti-Xa activity in older patients with
was 19 days. Three major bleedings were reported, renal failure treated by LMWHs, in order to avoid an
one of which was fatal. It was likely that an- overdose resulting from accumulation.
tithrombotic drug interactions contributed to two of
these bleeding events (overdosage in warfarin and 3.3 Obese Patients
tinzaparin sodium in one case and a combination of
warfarin, aspirin [acetylsalicylic acid, dipyridamole In obese patients, the question is whether the
with tinzaparin in the second case]). This rate of dose should be increased linearly with the weight or
major bleeding (1.5%) was comparable to that in ‘capped’ at a maximum allowable dose. Unfortu-
younger patients who have been included in clinical nately, data evaluating the safety of using weight-
trials. Anti-Xa activity was regularly measured at based dosage of LMWHs in obese patients are limit-
peak level and a similar dispersion of these values ed. Too few studies have been carried out in obese
was noted in the four groups of patients according to patients treated with therapeutic and repeated doses
their CrCl (20–34 mL/min, 35–49 mL/min, 50–64 of LMWHs. The results of the single-dose phamaco-
mL/min and ≥65 mL/min). Confirming the results of dynamic or pharmacokinetic studies or of studies
the first study,[52] no correlation between CrCl and including only healthy obese volunteers should be
anti-Xa activity was found.[53] Of the 200 patients, interpreted with caution when applied to obese pa-
26 patients had their dose changed because of an tients who will be treated for at least 5 days.
anti-Xa activity above the upper limit of the thera-
peutic range (≥1.4 IU/mL); they were distributed 3.3.1 Enoxaparin Sodium
throughout the four groups of CrCl. Six of them had Enoxaparin sodium 1.5 mg/kg SC, was adminis-
received an overdose (>190 IU/kg/24 hours) and tered once daily for 4 days to 24 obese volunteers
thus had their dose corrected. These results suggest (mean weight 99 ± 15kg [range 78–144]; mean body
that tinzaparin sodium appears to be safe at thera- mass index [BMI] 35 ± 5 kg/m2 [range 29–48]) and
peutic dosage in very elderly patients. to 24 age-, sex- and height-matched, non-obese vol-

The different studies reviewed in this section unteers.[54] Concerning the anti-Xa activity, expo-
illustrate the heterogeneity of the pharmacodynam- sure at steady-state (AUCss) was 16% higher in
ics of LMWHs. Indeed, the clearance of heparins is obese than in non-obese volunteers, but maximum
influenced by the chain length of the molecules, anti-Xa activity was similar in both groups. The
with the higher molecular weight fraction cleared authors concluded that there appears to be no need to
mostly through the reticulo-endothelial system and modify the currently recommended dosage of enox-
the lower molecular weight fraction cleared mostly aparin sodium (1.5 mg/kg once daily) when treating
through the kidney. Consequently, the relative pro- obese volunteers with a BMI of up to 40 kg/m2.
portion of the renal elimination of LMWHs and the Similar results were obtained by Spinler et al.[38] in
risk of accumulation depends on the proportion of their analysis of the data from the ESSENCE and
high- and low-molecular weight chains of each mol- TIMI11B studies; there was no difference in the rate
ecule. This could explain the different pharmacoki- of major haemorrhages between patients who were
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3.3.4 Certoparin Sodiumobese (mean BMI 34 ± 4 kg/m2) or those who were
In a pharmacodynamic study with certoparin so-not obese (0.8% vs 1.3%).

dium administered at a fixed and bodyweight-inde-
pendent dose (8000IU anti-Xa) to 13 patients with3.3.2 Tinzaparin Sodium
DVT and 18 healthy volunteers, no correlation wasA single-dose pharmacodynamic study was car-
found between bodyweight (55–100kg) and theried out with tinzaparin sodium at therapeutic dose
AUC of the anti-Xa activity.[15]

(175 IU/kg) in 37 heavy/obese healthy volunteers
(mean weight 129 ± 20kg [range 101–165]; mean 3.3.5 Conclusion
BMI 43 ± 9 kg/m2 [range 26–61]).[55] The pharma- Although the use of therapeutic doses of
codynamic parameters based on anti-Xa activity LMWHs in obese patients has not been studied
were consistent over the bodyweight and BMI extensively, the few available data suggest that there
ranges. These results suggest that the dose of is no need to cap the dose for the molecules studied
tinzaparin sodium does not need to be capped at a in these patients. The well predictable dose-response
maximal absolute dose in obese patients. However, relationship of LMWHs administered to non-over-
this study is a single-dose study in healthy volun- weight patients cannot be applied to obese patients
teers and no data are available after repeated admin- without specific studies. Therefore, monitoring of
istrations of tinzaparin sodium to this special popu- the anticoagulant effect of the treatment might be
lation. recommended in these patients in order to avoid

overdoses.
3.3.3 Dalteparin Sodium
Dalteparin sodium 200 IU/kg based on actual 3.4 Pregnant Women

bodyweight was administered once daily for VTE
treatment for a minimum of 5 days to obese patients VTE is a rare, but important, complication of
stratified into three weight classes: 20% above ideal pregnancy that remains a leading non-obstetric
bodyweight (n = 13), 20–40% above ideal body- cause of maternal death. LMWHs are an attractive
weight (n = 14) and >40% above ideal bodyweight alternative to UFH in the acute treatment of VTE
(n = 10).[56] The weight range was from 56kg to because of their ease of use and their association
190kg. Mean peak and trough anti-Xa activity val- with a lower incidence of osteoporosis and HIT, but
ues measured on days 3 and 5 were similar in the their evaluation in pregnancy has been limited to
three groups of patients. These results suggest that small case series. When determining the optimal
body mass did not have a significant influence on therapeutic regimens for treatment of VTE during
the response to treatment with dalteparin sodium, pregnancy, as well as the efficacy of the treatment,
measured as anti-Xa activity. the safety of the drug for the fetus and mother, and

the dosage regimen during delivery and post-par-In a retrospective study that included 21 patients
tum, should be considered.[58,59](mean weight 118kg [range 94–176]) treated for

VTE or acute coronary syndrome with dalteparin LMWHs and UFH do not cross the placenta and,
sodium twice daily at the mean daily dose of 126 IU/ therefore, do not have the potential to cause fetal
kg (n = 11) and once daily at the mean daily dose of bleeding or teratogenicity, although bleeding at the
196 IU/kg (n = 21), the measured anti-Xa activity at uteroplacental junction is possible. Several studies
peak level was used to assess the efficacy and safety strongly suggest that LMWH therapy is safe for the
of the two treatment regimens.[57] The results fetus.[59] The rate of bleeding complications with
showed that the twice-daily regimen was effective in therapeutic doses of LMWHs during pregnancy has
producing anti-Xa activity in the target range not been clearly determined. Very few studies on
(0.5–1.0 IU/mL). When given as a single daily dose, LMWH use for the treatment of VTE during preg-
the anti-Xa activity was below the target range nancy have been published, but the safety of LMWH
(1.0–2.0 IU/mL) in four of ten patients, which sug- use in this setting appears to be good. These studies
gests that the clearance of dalteparin sodium might mostly concern enoxaparin sodium and, to a lesser
be higher in obese patients. extent, dalteparin sodium and nadroparin calci-
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um.[58,59] Because of the change in the volume of 4. Monitoring Patients Treated
with LMWHsdistribution and weight gain in pregnant women, a

dose adjustment based on the weight change or a
monitoring of anti-Xa activity may be considered. Because the favourable pharmacokinetics of

LMWHs result in a more predictable dose-responseHowever, these practices are not based on properly
anticoagulant effect compared with UFH, monitor-designed trials.
ing of the anticoagulant effect of LMWHs is gener-To avoid an unwanted anticoagulant effect and
ally not thought to be necessary in clinically stable

an excessive bleeding risk during delivery in women
patients. In none of the pivotal trials in which

receiving therapeutic doses of LMWHs, it is recom- LMWHs were administered once or twice daily at a
mended that LMWH therapy be discontinued 24 therapeutic dose, were the anti-Xa activity levels
hours prior to elective induction of labour.[58]

monitored. That is why, to date, it has not been
clearly demonstrated in any clinical trial that testing
of activity correlates with the outcome. Neverthe-3.5 Long-Term Treatment
less, consistent data and expert recommendations
suggest that anti-Xa activity monitoring could im-

In patients with permanent or temporary contra-
prove the safety of LMWHs, especially in select

indications to oral anticoagulants, LMWHs may be populations with high haemorrhagic risk.[69] Thus,
an alternative. However, the safety of LMWHs in the need for monitoring of LMWH therapy remains
this setting has been rarely addressed, since the a matter of debate.[70,71] To our knowledge, only one
duration of treatment in clinical trials does not usu- prospective study has tested whether dose adjust-
ally exceed 10 days. Different dosages have been ment of dalteparin sodium 100 IU/kg/12 hours ad-

ministered for 10 days to patients with DVT to aused in long-term treatment: some studies used re-
range of 0.5–1.0 anti-Xa IU/mL does improve effi-duced dosages compared with that of the acute
cacy and safety.[72] This study failed to demonstratephase (enoxaparin sodium 40 mg/day, dalteparin
that adjustment improves efficacy or safety; unfor-sodium 5000IU once or twice daily, nadroparin cal-
tunately, it included a small number of patients (60cium 85 IU/kg/day, dalteparin sodium 10 000 IU/
patients in each arm) and could have been moreday), with similar or better safety than with UFH or
informative with a greater sample size.

warfarin,[60-65] while others administered a therapeu-
Thus, monitoring of anti-Xa activity may be rec-

tic dosage of tinzaparin sodium 175 IU/kg/day for at ommended to detect an overdose and/or accumula-
least 3 months.[66,67]

tion in patients with renal impairment, older pa-
A recent review summarised the results from tients, patients  at the extreme of  bodyweight,

pregnant women, or in cases of prolonged treat-seven of the above-mentioned randomised trials that
ment.[69,73,74]compared long-term treatment with LMWH versus

Monitoring of anti-Xa activity may also allow theoral anticoagulants (1379 patients). When all studies
detection and correction of misuse, as shown in anwere combined, a statistically non-significant reduc-
observational study of patients receiving tinzaparintion in the risk of VTE (OR 0.66; 95% CI 0.41, 1.07)
sodium; six patients had an anti-Xa activity aboveand in the risk of major bleeding (OR 0.45; 95% CI
the upper limit of the therapeutic range and were0.18, 1.11) in favour of LMWH treatment was
receiving a dosage higher than 190 IU/kg/24

found. The results of this meta-analysis indicate that hours.[53] The overdose may be associated with an
a 3-month course of LMWH therapy is as effective increased risk of bleeding. In the retrospective study
and safe in the treatment of VTE as a corresponding of Cestac et al.,[27] three of seven patients who
period of oral anticoagulant treatment and may thus developed a bleeding event had received tinzaparin
be considered as a valuable alternative option for sodium at a higher dose than is recommended.
patients with contraindications to oral anticoagu- Since LMWHs minimally inhibit thrombin activ-
lants.[68] ity and cause only mild prolongation of the activated
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partial thromboplastin time (aPTT), this test is inap- therapeutic range for anti-Xa activity levels has been
propriate for monitoring anticoagulant effect. If defined for some LMWHs: 1.0 IU/mL for dalteparin
such monitoring is warranted, the only tests current- sodium (100 IU/kg twice daily), 1.5 IU/mL for
ly available are those that measure the plasma anti- tinzaparin sodium (175 IU/kg/day) and 1.8 IU/mL
Xa activity by chronometric or chromogenic as- for nadroparin calcium (172 IU/kg/day).
says.[69,73,75] Consensus guidelines recommend a
chromogenic anti-Xa activity assay.[69] 5. Non-Haemorrhagic Adverse Effects

of LMWHsTherapeutic ranges of anti-Xa activity have long
been controversial, but are now more clearly de-
fined, with an individual target for each molecule

5.1 Heparin-Induced Thrombocytopenia
(table V). They are usually defined on the basis of
peak anti-Xa activity rather than trough activity. HIT is a serious, potentially life-threatening, ad-
Appropriate timing for blood sampling should thus verse effect of heparins and the diagnosis can be
be respected: 3–4 hours after LMWH injection (in difficult. It is a distinct clinicopathological syn-
patients receiving two injections daily) and 4–6 drome, which is caused by platelet-activating an-
hours after injection (in patients receiving one injec- tibodies that recognise complexes of platelet factor
tion daily). 4-heparin, and leads to a hypercoagulable state. It

Because the aim of laboratory monitoring is to represents a unique hypercoagulable state with a
detect overdoses that are a result of possible ac- spectrum of localised or disseminated intravascular
cumulation phenomenon, the first blood sample thrombosis that is related to endothelium damage, as
should be obtained after the third or fourth adminis- well as activated circulating platelets and clotting
tration (with a regimen of two injections daily), and factors.[78] Its strong association with venous and
after the second or third administration (in the case arterial thrombosis represents a striking paradox.[79]

of a regimen with a single daily injection). Repeti- The platelet count typically begins to fall after be-
tion of the sampling should be individually dis- tween 5 and 10 days of heparin treatment.[80] An
cussed according to the clinical status of the patient, earlier fall in platelet count on starting heparin ther-
the results of the first monitoring and the duration of apy can also represent acute HIT, but only if a
treatment.[73] patient has circulating HIT antibodies resulting from

Since each LMWH molecule has a specific recent heparin exposure. HIT antibodies are tran-
phamacodynamic profile, the same dose of two dis- sient and become undetectable at a median of 50
tinct LMWHs generates different plasma anti-Xa days after first testing positively.[80] On rare occa-
activity. The mean peak plasma anti-Xa activity that sions, HIT begins several days after discontinuing
is generated by some LMWHs used at therapeutic heparin therapy or persists for several weeks even
dose is detailed in table V. The upper limit of the though heparin administration has been stopped.[80]

The frequency of HIT has been shown to be
variable and partly depends on the patient popula-
tion, the type of heparin used and the duration of
treatment.[79] LMWHs are usually considered to be
less likely to cause HIT than UFH. The strongest
evidence that LMWH is associated with a lower
frequency of HIT was provided by a randomised
trial that directly compared the frequency of HIT
between enoxaparin sodium and porcine UFH that
was given for postoperative orthopaedic patients.[79]

A recent study has investigated the clinical and
biological features of HIT caused by LMWHs; the
interval between the initiation of heparin and onset
of thrombocytopenia was longer with LMWHs than

Table V. Mean plasma anti-Xa activities at peak level of some low-
molecular weight heparins (LMWHs)[73,76]

LMHW Anti-Xa activity (IU/mL)
LMWHs administered twice daily (80–100 anti-Xa IU/kg/12h)
Dalteparin sodium 0.59 ± 0.25

Nadroparin calcium 1.01 ± 0.18

Enoxaparin sodium 1.20 ± 0.17

Certoparin sodiuma 0.74 ± 0.37

LMWHs administered once daily (175–200 anti-Xa IU/kg/24h)
Dalteparin sodium 1.05

Nadroparin calcium 1.34 ± 0.15

Tinzaparin sodium 0.87 ± 0.15
a Certoparin sodium was given at a fixed dosage of 8000 anti-

Xa IU/12h.[77]
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with UFH, and severe thrombocytopenia (<15g/L) 6. Conclusions
was more frequent with LMWHs.[81]

In terms of safety, the use of LMWHs in patientsThrombocytopenia occurring during treatment
with renal impairment or older patients is the mainwas reported in the published clinical trials that
concern. In these patients, the degree of accumula-compared LMWHs with UFH in the treatment of
tion varies among the different compounds and mayVTE, but the true incidence of HIT is difficult to
be explained by the specific pharmacodynamic pro-assess since criteria for definition and techniques of
file of each molecule. In this setting, the decisiondiagnosis are not always defined. The frequency
whether to use reduced initial doses and specificranges from 0% to 2.8% for LMWHs and from 0%
dosage algorithms for LMWHs has yet to be validat-to 3.5% for UFH.[15,16,82-90] Among the different
ed in terms of efficacy.LMWHs, the frequency for one LMWH changes

In pregnant women and obese patients, too fewfrom one study to another study, making the com-
data are available to draw any conclusion concern-parison impossible.
ing the comparative safety of the molecules.

Until more data are available concerning these5.2 Osteoporosis
special populations with a high risk of bleeding,

Only long-term use of heparins carries a risk of monitoring of anti-Xa activity may be recommend-
osteoporosis, with LMWHs carrying a lower risk ed in order to detect an overdose and/or accumula-
than UFH. Osteoporosis has mostly been studied in tion.
pregnant women receiving UFH for the prevention It might not seem realistic to conduct clinical
of VTE. It was shown that bone mineral density of trials for each compound in all of the subpopulations
the lumbar spine was significantly lower in patients mentioned. However, studies that include special
treated with UFH compared with LMWH (dal- population patients are required to make conclusive
teparin sodium) for long-term thromboprophylaxis recommendations concerning the safety and moni-
during and after pregnancy.[91] toring of the different LMWHs.

In a study of long-term use (3–6 months) of
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