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Abstract

Introduction Deep venous thrombosis with subsequent
pulmonary embolism or post-thrombotic syndrome is a feared
complication in the intensive care unit. Therefore, routine
prophylactic anticoagulation is widely recommended. Aside
from unfractionated heparin, low molecular weight heparins,
such as certoparin, have become increasingly used for
prophylactic anticoagulation in critically ill patients. In this
prospective study, we evaluated the potency of 3,000 IU
certoparin administered once daily to reach antithrombotic
antifactor Xa (aFXa) levels of 0.1 to 0.3 IU/ml in 62 critically ill
patients.

Methods AFXa levels were determined 4, 12 and 24 h after
injection of certoparin. Prothrombin time, activated partial
thromboplastin time, antithrombin, fibrinogen, hemoglobin,
platelet count, serum urea and creatinine concentrations were
documented before and 12 and 24 h after injection of
certoparin.

Results Four hours after certoparin injection (n = 32), 28% of
patients were within the antithrombotic aFXa range. After 12
and 24 h, 6% achieved antithrombotic aFXa levels. Because of

a severe pulmonary embolism in one study patient, an interim
analysis was performed, and the dosage of certoparin was
increased to 3,000 IU twice daily. This regime attained
recommended antithrombotic aFXa levels in 47%, 27%, 40%
and 30% of patients at 4, 12, 16 and 24 h, respectively, after
twice daily certoparin injection (n = 30). Antithrombin and
fibrinogen concentrations slightly increased during the
observation period. Low antithrombin concentrations before
certoparin were independently correlated with underdosing of
certoparin. Patients with aFXa levels <0.1 IU/ml 4 h after
certoparin injection required vasopressors more often and had
lower serum concentrations of creatinine and urea than patients
with antithrombotic aFXa levels.

Conclusion Standard dosages of certoparin of 3,000 IU given
once or twice daily are ineffective for attaining the
recommended aFXa levels of 0.1 to 0.3 IU/ml in critically ill
patients. Low antithrombin levels before certoparin
administration were independently associated with low aFXa
levels. Renal function and vasopressor therapy may further
influence the effectiveness of certoparin in ensuring adequate
antithrombotic prophylaxis.

Introduction

Deep venous thrombosis is a feared complication in the inten-
sive care unit, occurring in up to one-third of patients without
prophylactic anticoagulation [1]. Pulmonary embolism and/or

post-thrombotic syndrome may significantly increase morbid-
ity and mortality in the acute and/or chronic setting of throm-
boembolic complications [2,3]. Risk factors for the
development of deep venous thrombosis in critically ill patients

aFXa = antifactor Xa; LMWH = low molecular weight heparin.
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include high age and trauma, heart failure or central nervous
system injury as admission diagnoses. Further factors contrib-
uting to the development of thromboembolic complications
are immobilization, reduction of muscle tone due to analgose-
dation or relaxation, mechanical ventilation and vessel injury by
catheterization of large vessels [4]. Because the inflammatory
network and the coagulation cascade are interconnected [5],
patients with the systemic inflammatory response syndrome or
sepsis are at high risk of developing venous thrombosis [6,7].
Therefore, prophylactic anticoagulation is generally recom-
mended in all critically ill patients [2,8,9].

Currently, unfractionated heparin is the most widely used drug
for antithrombotic prophylaxis in intensive care patients. Short
half-life time, low costs and availability of an effective antago-
nist make it an almost ideal antithrombotic agent [10,11]. Var-
iable pharmacokinetics, irregularities in laboratory monitoring,
as well as adverse side effects, including heparin-induced
thrombocytopenia, however, have raised concerns about the
use of unfractionated heparin [10]. Moreover, current evi-
dence suggests that twice daily low dosage unfractionated
heparin (5,000 IU) may not be effective enough to prevent
thromboembolism in acutely ill medical patients [12].

These considerations, together with novel pharmacological
developments, have led to the increased use of low molecular
weight heparins (LMWHSs) as alternative antithrombotic
agents in critically ill patients. Whereas unfractionated heparin
appears to decrease the incidence of deep venous thrombosis
by 20%, LMWHSs were able to reduce it by another 30% in
one study [1]. This additional LMWH-associated benefit in
thromboembolic risk reduction was particularly effective in
intensive care patients at high risk for thrombotic complica-
tions [12]. Accordingly, prophylactic anticoagulation with
LMWH has already been suggested to be the preferred strat-
egy in critically ill medical patients [13].

In a recent study, however, our working group observed that
standard dosages of the LMWH enoxaparin were ineffective at
achieving adequate antithrombotic antiFactor Xa (aFXa) levels
in critically ill patients. High body weight and the degree of
multiple organ dysfunction syndrome were associated with a
high probability of underdosing with enoxaparin [14]. Although
certoparin is another frequently used LMWH in the intensive
care unit, only limited data exist on its efficacy in preventing
thromboembolism in critically ill patients.

Although measurement of aFXa levels has been the most
widely used method for assessing LMWH activity and the
establishment of a therapeutic range for different LMWHs,
results on the relationship between aFXa levels and antithrom-
botic activity of LMWHSs are contradictory [15]. Even if aFXa
and anti lla activities have been well correlated with the dose
of subcutaneously injected LMWH [16,17], some human and
experimental studies could not demonstrate a strong correla-

tion between antithrombotic activity and in vitro aFXa plasma
levels [18-20]. In contrast, clinical trials have found a signifi-
cant statistical relationship between aFXa plasma levels and
both thrombotic and haemorrhagic outcomes with different
LMWHs [21-24].

In this prospective study, the potency of certoparin in achiev-
ing adequate antithrombotic aFXa levels is examined in 62 crit-
ically ill patients. Additionally, risk factors associated with
inadequate aFXa levels under standard certoparin dosages
are evaluated.

Materials and methods

The present study was performed in a 12 bed general and sur-
gical intensive care unit in a tertiary, university teaching hospi-
tal between October 2003 and December 2004. The study
protocol was approved by the institutional review board and by
the Ethics Committee of the Innsbruck Medical University.
Written informed consent was obtained, if possible, from all
patients, or otherwise from the closest family members prior to
study enrolment.

Patients

Ciriteria for study inclusion were indication for thromboembolic
prophylaxis, age >19 years, body weight >50 kg and intensive
care unit stay >3 days. Exclusion criteria were any contraindi-
cation for anticoagulation with heparins, treatment with antico-
agulatory or antiplatelet drugs, continuous veno-venous
hemofiltration or other extracorporal therapies, planned or
emergency surgery during the 24 h study period, administra-
tion of unfractionated heparin within 24 h preceding study
entry, and hemorrhage or hemodilution of >30% of estimated
blood volume.

Study protocol

Three thousand international aFXa units (Ph.Eur. 95-130 1U/
mg; aFXa/antilla 1.5) of certoparin (= 32 mg) in pre-filled, sin-
gle-dose syringes (Sandoparin®; Sandoz, Kundl, Austria) were
administered into the abdominal wall subcutis of study
patients once daily at 8 a.m. Strict attention was paid to the
exact emptying of the whole content of the syringe. AFXa lev-
els, as a measurement of the LMWH's biological activity, were
determined on the second day of certoparin administration.
Then, aFXa levels were measured before, as well as 4, 12 and
24 h after administration of certoparin.

AFXa determinations

Blood was collected using 3.13% trisodium citrate containing
tubes. In the institutional laboratory, plasma aFXa levels were
determined by an amidolytic assay using the specific chro-
mogenic substrate S-2732 and bovine factor Xa as reagents
and simultaneous thermal analyzers (Coamatic Heparin®;
Chromogenix, Milano, Italy). No antithrombin was added to the
assay in vitro. Test results were expressed in international
units per milliliter. The aFXa assay standard calibration curve



ranged from 0.1 to 1.3 IU/ml with a minimum limit of quantita-
tion of 0.1 IU/ml. To exclude test-related influences on aFXa
results, quality testing of the in vitro analysis was performed
using dilution series. Thus, it is unlikely that methodological,
test-associated errors have altered aFXa measurements in this
study.

Three groups of patients were specified according to aFXa
levels; AFXa levels of 0.1-0.3 IU/ml were considered to repre-
sent effective antithrombotic activity [21]. The first group con-
sisted of patients with aFXa levels <0.1 1U/ml, which we
considered to be inadequately anticoagulated according to
the predefined antithrombotic range. The second group of
patients had aFXa levels within the pre-specified antithrom-
botic range (0.1 to 0.3 IU/ml). The third group consisted of
patients with aFXa levels >0.3 |U/ml.

Study endpoints

The primary endpoint of this study was to evaluate the potency
of 3,000 IU certoparin administered once daily to reach anti-
thrombotic aFXa levels of 0.1-0.3 IU/ml in a critically ill patient
population. The secondary study endpoint was to identify inde-
pendent risk factors for underdosing or overdosing of stand-
ard certoparin dosages.

Measurements and documentation of study parameters
The following data were collected from all study patients at
study enrolment: age, sex, body mass index, admission diag-
nosis, and a modified Goris multiple organ dysfunction score
[25] calculated from worst clinical and laboratory parameters
on the day of study entry.

Documented laboratory parameters included prothrombin
time, activated partial thromboplastin time, antithrombin, fibrin-
ogen, hemoglobin and platelet count. Variables were collected
before and 12 and 24 h after the second certoparin adminis-
tration. Serum urea and creatinine concentrations were deter-
mined and reported before and 24 h after study enrolment.

Statistical analysis

A sample size of 60 patients was precalculated on the basis of
a previous prospective study [14]. Shapiro Wilk's tests were
used to check for normality distribution of data, which was
approximately fulfilled in all parameters except for vasopressor
requirements and activated partial thromboplastin time, which
were log-transformed. For analysis of demographic, laboratory
and clinical data, descriptive statistical methods were applied.
Time dependence of laboratory values was analyzed using a
nonparametric Friedman ANOVA.

To identify independent risk factors for underdosing or over-
dosing of certoparin, demographic, laboratory and clinical data
were entered into a bivariate correlation model to test for dif-
ferences between patients within antithrombotic aFXa con-
centrations versus patients with aFXa levels <0.1 or >0.3 U/

Available online http://ccforum.com/content/9/5/R541

ml 4 h after certoparin injection. In case of significant correla-
tions (p < 0.05), variables were entered into a binary logistic
regression model to identify independent risk factors. The time
point of 4 h after certoparin injection was chosen because
antithrombotic activity of LMWH is maximal at 3 to 4 h after
subcutaneous injection [21].

For each analysis, a significance level of 5% was applied. All
data are given as median values and range, or percentage.

Results

During the study period, 62 patients were enrolled in the trial.
Table 1 presents demographic data of all study patients, as
well as admission diagnoses, cardiovascular drug require-
ments, multiple organ dysfunction syndrome score counts,
length of intensive care unit stay, and intensive care unit mor-
tality.

The percentage of patients within antithrombotic aFXa range
at 4, 12 and 24 h after injection of 3,000 IU certoparin once
daily (n = 32) is shown in Fig. 1a. Four hours after certoparin
administration, median aFXa levels were <0.1 IU/ml (range,
<0.1 to 0.2 IU/ml), with 28% (9/32) of patients being within
the recommended antithrombotic range of 0.1 to 0.3 IU/ml.
Twelve hours after certoparin administration, median aFXa lev-
els were <0.1 IU/ml (range, <0.1 to 0.16 [U/ml), with 6% (2/
32) of patients being within the antithrombotic range. Twenty-
four hours after certoparin administration, median aFXa levels
were <0.1 IU/ml (range, <0.1 to 0.17 IU/ml), with 6% (2/32)
of patients being within the antithrombotic range. At no time
point did any study patient have aFXa levels >0.3 IU/ml or
show clinical signs of bleeding.

Because of a severe pulmonary embolism in one study patient,
an interim analysis was performed after inclusion of 32
patients. Following renewed appraisal of the study protocol by
the ethical committee, the dosage of the study medication was
increased to 3,000 IU twice daily. In this study protocol, 3,000
IU certoparin were administered twice daily at 8 am. and 8
p.m. Once again, patients were included into the study proto-
col only after having received certoparin prophylaxis at 3,000
IU twice a day for one day. AFXa levels were measured before
and 4, 12, 16 and 24 h after administration of certoparin.
Patients receiving 3,000 IU certoparin once daily were
younger than patients receiving 3,000 IU certoparin twice
daily. There were no other significant differences between the
groups (Table 1).

The percentage of patients within antithrombotic range at 4,
12, 16 and 24 h after injection of 3,000 IU certoparin twice
daily is shown in Fig. 1b. Four hours after certoparin adminis-
tration, median aFXa levels were <0.1 IU/ml (range, <0.1 to
0.28 1U/ml), with 47% (14/30) of patients being within the rec-
ommended antithrombotic range. Twelve hours after cer-
toparin administration, median aFXa levels were <0.1 1U/ml
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Table 1

Demographic data of study patients

Total 1 % 3,000 IU/d 2 x 3,000 IU/d P-value

n 62 32 30
Sex (male) 45/62 (72.6%) 20/32 (62.5%) 25/30 (83.3%) 0.09
Age (years) 63+ 12 60+ 14 66+ 10 0.0382
BMI 25+ 4.2 255 25+ 3.3 0.924
Admission diagnoses (n/%) 0.17

Multiple trauma 10/62 (16.1) 5/32 (15.5) 5/30 (16.6)

Pulmonary disease 4/62 (6.4) 1/32 (3.1) 3/30 (10)

Cardiac disease 22/62 (35.5) 9/32 (39.1) 13/30 (43.3)

Infectious disease 5/62 (8.1) 3/32 (9.4) 2/30 (6.6)

Neoplasm 12/62 (19.4) 9/32 (39.1) 3/30 (10)

Orthopedic disease 3/62 (4.8) 2/32 (6.3) 1/30 (3.3)

Other 6/62 (9.7) 3/32 (9.4) 3/30 (10)
CV drug requirement (n/%) 25/62 (40.3) 13/32 (40.6) 12/30 (40) 1

Dopamine 6/62 (9.7) 5/32 (15.5) 1/30 (3.3)

Phenylephrine 16/62 (25.8) 10/32 (31.2) 6/30 (20)

Norepinephrine 7/62 (11.3) 2/32 (6.25) 5/30 (16.6)

Adrenaline 3/62 (4.8) 1/32 (3.1) 2/30 (6.6)

Vasopressin 2/62 (3.2) 1/32 (3.1) 1/30 (3.3)

Milrinone 13/62 (21) 5/32 (15.5) 8/30 (26.6)
MODS (pts) 41 %21 41£24 42+1.8 0.801
Length of ICU stay (days) 12+ 11 10+12 13+ 11 0.301
ICU mortality 2/62 (3.2%) 1/32 (3.1%) 1/30 (3.3%) 1

aSignificant difference between group 1 x 3,000 |U/d and 2 x 3,000 IU/d. Data are given as mean values % standard deviation, if not indicated
otherwise. BMI, body mass index; CV, cardiovascular; ICU, intensive care unit; MODS, multiple organ dysfunction syndrome.

(range, <0.1 to 0.26 IU/ml), with 27% (8/30) of patients being
within the antithrombotic range. Sixteen hours after the 8 a.m.,
and four hours after the 8 p.m. certoparin administration,
median aFXa levels were <0.1 IU/ml (range, <0.1 to 0.24 1U/
ml), with 40% (12/30) of patients being within the antithrom-
botic range. Twenty-four hours after the 8 a.m., and twelve
hours after the 8 p.m. certoparin administration, median aFXa
levels were <0.1 IU/ml (range, <0.1 to 0.26 1U/ml), with 30%
(9/30) of patients being within the antithrombotic range. At no
time point did any study patient develop clinically relevant pul-
monary embolism, have aFXa levels >0.3 IU/ml or display clin-
ical signs of bleeding.

Table 2 describes the laboratory results obtained during cer-
toparin therapy in all study patients. During the 24 h observa-
tion period, antithrombin and fibrinogen concentrations
increased. Although these increases were statistically signifi-
cant, they occurred in a clinically non-relevant range. There
were no changes in prothrombin time, activated partial throm-
boplastin time, hemoglobin, platelet count, serum creatinine or

urea concentrations after certoparin injection. There were no
differences in the response of laboratory parameters to 3,000
IU certoparin given once or twice daily.

Table 3 displays bivariate and binary models for identifying
independent risk factors for aFXa levels <0.1 IU/ml at 4 h after
injection of standard certoparin dosages. In the bivariate anal-
ysis, patients with aFXa levels <0.1 IU/ml had significantly
lower antithrombin concentrations and higher serum creati-
nine and urea concentrations, as well as a higher need for
vasopressor drugs, than patients within the antithrombotic
range. The binary model could identify only low antithrombin
concentrations at baseline as an independent risk factor for
low aFXa levels 4 h after injection of standard certoparin
dosages.

Discussion

In this prospective study, once and twice daily injection of
3,000 IU certoparin could achieve recommended antithrom-
botic aFXa levels of 0.1 to 0.3 IU/ml 4 h after administration in
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Table 2

Laboratory results during certoparin therapy in all study patients (n = 62)

Baseline 12h 24 h P-value
Prothrombin (%) 87+ 14 88+ 13 90+ 14 0.240
aPTT (sec) 39+9 387 3817 0.183
Antithrombin (%) 7317 7517 77 £17 0.0062
Fibrinogen (mg/dl) 497 £ 198 529 + 201 551 + 211 <0.0012
Hemoglobin (g/dl) 10.2+1.3 10.3+1.3 10+ 1.1 0.221
Platelets (g/I) 189 + 103 183 £ 96 199 £ 119 0.055
Serum creatinine (mg/dl) 1.35+ 0.85 1.41 £0.95 0.536
Serum urea (mg/dl) 67 + 40 - 72 + 42 0.072

a significant time effect.

PT, Prothrombin Time; aPTT, activated Partial Thromboplastin Time; AT, Antithrombin; -, not measured,

Data are given as mean values = SD.

Table 3

Independent risk factors for aFXa <0.1 U/ml at 4 hours after injection of standard certoparin dosages

Binary model

Bivariate model

OR 95% ClI P-value Patients below  Patients within P-value
antithrombotic  antithrombotic
range range
Vasopressor requirement (n/%) 0.348 0.07-1.66 0.185 18/38 (47.4) 5/24 (20.8) 0.038
Antithrombin at baseline (%) 0.910 0.86-0.97 0.002 66 £+ 11 86+ 18 <0.001
Serum creatinine at baseline (mg/dl) 0.302 0.96-1.01 0.302 1.19 £ 0.57 1.7x1.16 0.027
Serum urea at baseline (mg/dl) 0.630 0.17-2.39 0.497 57 £ 34 88 44 0.004

Data are given as mean values * standard deviation, if not indicated otherwise. aFXa, antiFactor Xa activity; Cl, confidence interval; OR, odds ratio.

only 28% and 47% of patients, respectively. Low antithrombin
concentrations before certoparin administration were signifi-
cantly correlated with low aFXa levels. These results are in
striking contrast to earlier studies reporting effective anti-
thrombotic prophylaxis with standard dosages of certoparin
(8,000 IU once daily) in high risk patients [26-29].

Despite the fact that certoparin is a frequently used anticoag-
ulant for the prevention of thromboembolic complications in
critically ill patients, certoparin proved to be highly ineffective
at achieving recommended antithrombotic aFXa levels in this
study population. When given at a dosage of 3,000 IU once
daily, one patient developed severe pulmonary embolism. In
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this study patient, certoparin injection could achieve an aFXa
level of 0.11 IU/ml 4 h after certoparin administration, whereas
aFXa levels were not detectable (<0.1 1U/ml) at 12 and 24 h.
Although many individual patient- and critical illness-related
factors may have caused pulmonary embolism in this patient,
no specific pathogenic factors other than insufficient anticoag-
ulation could be clinically identified.

Similarly, when the dosage frequency of certoparin was
increased from 3,000 IU once daily to 3,000 IU twice daily,
only 25% to 50% of patients attained antithrombotic aFXa
levels during the observation period. It may be speculated that
increasing the single dosage from 3,000 IU to 6,000 IU would
have resulted in higher aFXa levels during the study period.
Whereas a significantly higher proportion of patients would
have most likely reached adequate aFXa levels at 4 h after cer-
toparin injection, it is difficult to state whether such an increase
in the dosage given once daily would have provided better
anticoagulation during the 24 h period than 3,000 IU given
twice daily. Moreover, it is currently unknown whether recom-
mended aFXa levels need to be achieved only at 4 h after
injection of the LMWH or during the entire dosage interval in
order to guarantee adequate antithrombotic protection.

Many pathophysiological mechanisms may have contributed
to the observation in this study protocol that aFXa levels were
undetectable in the majority of this critically ill patient popula-
tion. Augmented total body water together with changes in
fluid compartments are known to change distribution volume
of water soluble drugs like LMWHs in critically ill patients [30].
Furthermore, frequently observed hypoproteinemia and acid-
base disturbances can alter the concentration of free, active
certoparin in these patients. Aside from such factors, numer-
ous other pathophysiological factors have been reported to
influence pharmacokinetics and pharmacodynamics in the
intensive care unit patient [31,32]. Low antithrombin concen-
trations before certoparin injection is one of the most impor-
tant factors explaining the low aFXa levels after injection of
standard certoparin dosages in this study population.
LMWHs, as well as unfractionated heparin, exert their antico-
agulatory effects by accelerating the inhibitory effects of anti-
thrombin on thrombin formation [33]. Although LMWH-
induced bridging between antithrombin and factor Xa is less
critical for aFXa activity [34], certoparin could only achieve
adequate aFXa levels in this critically ill patient population if
antithrombin levels were approximately >70%. Because of
ongoing, multifactorial activation of the coagulation system in
critical illness, antithrombin levels are often decreased in inten-
sive care patients [35]. Furthermore, patients with low anti-
thrombin concentrations mostly suffer from severe disease
and may thus be more likely to receive vasopressor drugs. As
indicated in the bivariate statistical model in this study and also
in other clinical trials [36,37], patients with cardiovascular fail-
ure treated with vasopressor drugs had lower aFXa levels after
subcutaneous injection of standard dosages of LMWHs. This

is most likely due to reduced subcutaneous blood flow with
impaired drug absorption [36].

Because LMWHSs are predominantly eliminated by a non-sat-
urable renal mechanism as active or inactive fragments [38],
kidney function may substantially influence aFXa levels after
certoparin administration. Although it did not reach statistical
significance in this multiple regression model, patients with
inadequately low aFXa levels after standard certoparin dos-
ages had significantly lower serum creatinine and urea con-
centrations than patients presenting with antithrombotic aFXa
levels between 0.1 and 0.3 IU/ml after certoparin injection.
This might be interpreted as better renal function in these
patients, which seems to have resulted in a higher clearance
of certoparin. Similar effects of renal function on aFXa activity
with other LMWHs have been reported [36,39,40].

Interestingly, in a recent prospective trial examining aFXa lev-
els after injection of standard enoxaparin dosages (40 mg
once daily) in critically ill patients, our working group observed
a significant correlation between aFXa levels and the degree
of multiple organ dysfunction syndrome as well as body mass
index [14]. In the present study, however, we could not find
such a relationship (univariate analysis: body mass index, p =
0.322; multiple organ dysfunction syndrome, p = 0.988). On
the other hand, aFXa levels after enoxaparin injection did not
correlate with renal function in the former study [14]. Different
pharmacological characteristics of single LMWHSs have been
reported (e.g. molecular weight distribution, aFXa/antiFactor
lla activity), and could therefore explain differences between
enoxaparin and certoparin. When compared with enoxaparin,
however, certoparin seems to be inferior for attaining ade-
quate antithrombotic aFXa levels 4 h after injection of standard
dosages (56.5% versus 28%, p = 0.008; Fisher's exact test).

When interpreting the results of this study, some important
limitations must be considered. Assessing the antithrombotic
potency of LMWHSs by measuring exclusively aFXa activity
may underestimate the antithrombotic potency of certoparin
by omitting other potential anticoagulatory effects, such as
inhibition of thrombin generation, increase of fibrinolytic activ-
ity or tissue factor pathway inhibitor, by which LMWH may fur-
ther influence hemostasis [41]. Therefore, it also cannot be
excluded that increasing the absolute dosage of certoparin
might result in more bleeding complications. Although no cer-
toparin-associated hemorrhage was observed in this study,
the protocol was underpowered with respect to reliably
assessing clinical endpoints such as thrombotic or hemor-
rhagic complications.

Conclusion

Standard dosages of certoparin of 3,000 IU given once or
twice daily are ineffective for attaining recommended anti-
thrombotic aFXa levels of 0.1 to 0.3 IU/ml in critically il
patients. Low antithrombin levels before certoparin administra-



tion were independently associated with low aFXa levels 4 h
after injection of certoparin. Renal function and vasopressor
therapy may further influence the effectiveness of certoparin in
ensuring adequate antithrombotic prophylaxis in critically ill
patients.

Key messages

» Standard certoparin dosages are ineffective for attain-
ing recommended antithrombotic aFXa levels in criti-
cally ill patients.

* Low antithrombin levels are associated with low aFXa
levels during certoparin prophylaxis.

* Renal function and vasopressor therapy may further
influence the effectiveness of certoparin.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

SJ conceived of the study protocol, participated in its design
and coordination, carried out bedside sampling and documen-
tation, and helped to draft the manuscript. VM and GL partici-
pated in the design of the study and its coordination, and
carried out bedside sampling and documentation. DF con-
ceived of the study, helped to perform statistical analysis, and
contributed to the draft of the manuscript. AJM conceived of
the study protocol and participated in its design and coordina-
tion. BEF participated in the study design and its coordination.
IL participated in the study design and its coordination. WRH
conceived of the study protocol, participated in its design, and
helped to draft the manuscript. HU performed the power anal-
ysis and the statistical analysis of the data. WS conceived of
the study protocol, participated in its design and coordination,
and helped to draft the manuscript. MWD conceived of the
study protocol, participated in its design and coordination,
performed the statistical analysis, and drafted the manuscript.
All authors read and approved the final version of the
manuscript.

References

1. Attia J, Ray JG, Cook DJ, Douketis J, Ginsberg JS, Geerts WH:
Deep vein thrombosis and its prevention in critically ill adults.
Arch Intern Med 2001, 161:1268-1279.

2. Hoyt DB, Swegle JR: Deep venous thrombosis in the surgical
intensive care unit. Surg Clin North Am 1991, 71:811-830.

3. Jain M, Schmidt GA: Venous thromboembolism: prevention
and prophylaxis. Semin Respir Crit Care Med 1997, 18:79-90.

4.  Cook D, Attia J, Weaver B, McDonald E, Meade M, Crowther M:
Venous thrombotic disease: an observational study in medi-
cal-surgical intensive care unit patients. J Crit Care 2000,
15:127-132.

5. Saibeni S, Spina L, Vecchi M: Exploring the relationships
between inflammatory response and coagulation cascade in
inflammatory bowel disease. Eur Rev Med Pharmacol Sci
2004, 8:205-208.

6. Trzeciak S, Dellinger RP: Other supportive therapies in sepsis:
An evidence-based review. Crit Care Med 2004, 32(11
Suppl):S571-S577.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Available online http://ccforum.com/content/9/5/R541

Yoo HH, de Paiva SA, Silveira LV, Queluz TT: Logistic regression
analysis of potential prognostic factors for pulmonary
thromboembolism. Chest 2003, 123:813-821.

Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen
J, Gea-Banacloche J, Keh D, Marshall JC, Parker MM, et al.: Sur-
viving Sepsis Campaign guidelines for management of severe
sepsis and septic shock. Crit Care Med 2004, 32:858-873.
Davidson BL: Risk assessment and prophylaxis of venous
thromboembolism in acutely and/or critically ill patients. Hae-
mostasis 2000, 30(Suppl 2):77-81.

Bussey H, Francis JL: Heparin overview and issues. Pharmaco-
therapy 2004, 24:103S-107S.

Dobesh PP: Economics of unfractionated heparin: beyond
acquisition cost. Pharmacotherapy 2004, 24:161S-164S.
Michota FA: Venous thromboembolism prophylaxis in the
medically ill patient. Clin Chest Med 2003, 24:93-101.

Geerts W, Cook D, Selby R, Etchells E: Venous thromboembo-
lism and its prevention in critical care. J Crit Care 2002,
17:95-104.

Mayr AJ, Dunser M, Jochberger S, Fries D, Klingler A, Joannidis M,
Hasibeder W, Schobersberger W: Antifactor Xa activity in inten-
sive care patients receiving thromboembolic prophylaxis with
standard doses of enoxaparin. Thromb Res 2002,
105:201-204.

Morris TA: Heparin and low molecular weight heparin: back-
ground and pharmacology. Clin Chest Med 20083, 24:39-47.
Hirsh J, Ofosu FA, Levine M: The development of low molecular
weight heparins for clinical use. In Thrombosis and Haemosta-
sis Edited by: Verstraete M, Vermylen J, Lijnen R, Leuven AJ. Leu-
ven: International Society on Thrombosis and Haemostasis and
Leuven University Press; 1987:328-348.

Frydman AM, Bara L, Le Roux Y, Woler M, Chauliac F, Samama
MM: The antithrombotic activity and pharmacokinetics of
enoxaparine, a low molecular weight heparin, in humans given
single subcutaneous doses of 20 to 80 mg. J Clin Pharmacol
1988, 28:609-618.

Bara L, Planes A, Samama MM: Occurrence of thrombosis and
haemorrhage, relationship with anti-Xa, anti-lla activities, and
D-dimer plasma levels in patients receiving a low molecular
weight heparin, enoxaparin or tinzaparin, to prevent deep vein
thrombosis after hip surgery. Br J Haematol 1999,
104:230-240.

Buchanan MR, Boneu B, Ofosu F, Hirsh J: The relative impor-
tance of thrombin inhibition and factor Xa inhibition to the anti-
thrombotic effects of heparin. Blood 1985, 65:198-201.
Fernandez F, N'Guyen P, Van Ryn J, Ofosu FA, Hirsh J, Buchanan
MR: Hemorrhagic doses of heparin and other glycosaminogly-
cans induce of platelet effect. Thromb Res 1986, 43:491-495.
Levine MN, Planes A, Hirsh J, Goodyear M, Vochelle N, Gent M:
The relationship between anti-factor Xa level and clinical out-
come in patients receiving enoxaparine low molecular weight
heparin to prevent deep vein thrombosis after hip
replacement. Thromb Haemost 1989, 62:940-944.

Koller M, Schoch U, Buchmann P, Largiader F, von Felten A, Frick
PG: Low molecular weight heparin (KABI 2165) as thrombo-
prophylaxis in elective visceral surgery. A randomized, double-
blind study versus unfractionated heparin. Thromb Haemost
1986, 56:243-246.

Bergqvist D, Burmark US, Frisell J, Hallbook T, Lindblad B, Risberg
B, Torngren S, Wallin G: Low molecular weight heparin once
daily compared with conventional low-dose heparin twice
daily. A prospective double-blind multicentre trial on preven-
tion of postoperative thrombosis. BrJ Surg 1986, 73:204-208.
Bara L, Leizorovicz A, Picolet H, Samama M: Correlation between
anti-Xa and occurrence of thrombosis and haemorrhage in
post-surgical patients treated with either Logiparin (LMWH) or
unfractionated heparin. Post-surgery Logiparin Study Group.
Thromb Res 1992, 65:641-650.

Goris RJ, te Boekhorst TP, Nuytinck JK, Gimbrere JS: Multiple-
organ failure. Generalized autodestructive inflammation?
Arch Surg 1985, 120:1109-1115.

Janni W, Bergauer F, Rjosk D, Lohscheidt K, Hagena FW: [Pro-
spective randomized study comparing the effectiveness and
tolerance of various low-molecular-weight heparins in high
risk patients]. Zentralbl Chir 2001, 126:32-38.

Adolf J, Fritsche HM, Haas S, Hennig FF, Horbach T, Kastl S, Kop-
penhagen K, Michaelis HC, Rhamanzadeh R, Summa W, et al.:

R547


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1862471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1862471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11138871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11138871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11138871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15638231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15638231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15638231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15542966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15542966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12628883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12628883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12628883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15334855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15334863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15334863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12685058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12685058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12096372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12096372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12685055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12685055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2851016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2851016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2851016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10050702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10050702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10050702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3965047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3965047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3965047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3764805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3764805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2556813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2556813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2556813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3551180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3551180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3551180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3512031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3512031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3512031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1319619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1319619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4038052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4038052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11227291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11227291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11227291

R548

Critical Care Vol 9 No 5 Jochberger et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Comparison of 3,000 IU aXa of the low molecular weight
heparin certoparin with 5,000 IU aXa in prevention of deep
vein thrombosis after total hip replacement. German Throm-
bosis Study Group. Int Angiol 1999, 18:122-126.

Kirchmaier CM, Wolf H, Schafer H, Ehlers B, Breddin HK: Efficacy
of a low molecular weight heparin administered intravenously
or subcutaneously in comparison with intravenous unfraction-
ated heparin in the treatment of deep venous thrombosis. Cer-
toparin-Study Group. /nt Angiol 1998, 17:135-145.

Kleindienst A, Harvey HB, Mater E, Bronst J, Flack J, Herenz K,
Haupt WF, Schon R: Early antithrombotic prophylaxis with low
molecular weight heparin in neurosurgery. Acta Neurochir
(Wien) 2003, 145:1085-1091.

Power BM, Forbes AM, van Heerden PV, llett KF: Pharmacokinet-
ics of drugs used in critically ill adults. Clin Pharmacokinet
1998, 34:25-56.

De Paepe P, Belpaire FM, Buylaert WA: Pharmacokinetic and
pharmacodynamic considerations when treating patients with
sepsis and septic shock. Clin  Pharmacokinet 2002,
41:1135-1151.

Park GR: Pharmacokinetics and pharmacodynamics in the crit-
ically ill patient. Xenobiotica 1993, 23:1195-1230.

Abildgaard U: Highly purified antithrombin 3 with heparin
cofactor activity prepared by disc electrophoresis. Scand J
Clin Lab Invest 1968, 21:89-91.

Hirsh J, Dalen J, Guyatt G: The sixth (2000) ACCP guidelines for
antithrombotic therapy for prevention and treatment of throm-
bosis. American College of Chest Physicians. Chest 2001,
119(1 Suppl):1S-2S.

Wilson RF, Farag A, Mammen EF, Fujii Y: Sepsis and anti-
thrombin lll, prekallikrein, and fibronectin levels in surgical
patients. Am Surg 1989, 55:450-456.

Priglinger U, Delle Karth G, Geppert A, Joukhadar C, Graf S,
Berger R, Hulsmann M, Spitzauer S, Pabinger |, Heinz G: Prophy-
lactic anticoagulation with enoxaparin: Is the subcutaneous
route appropriate in the critically ill? Crit Care Med 2003,
31:1405-1409.

Dorffler-Melly J, de Jonge E, Pont AC, Meijers J, Vroom MB, Buller
HR, Levi M: Bioavailability of subcutaneous low-molecular-
weight heparin to patients on vasopressors. Lancet 2002,
359:849-850.

Samama MM, Gerotziafas GT: Comparative pharmacokinetics
of LMWHs. Semin Thromb Hemost 2000, 26(Suppl 1):31-38.
Chow SL, Zammit K, West K, Dannenhoffer M, Lopez-Candales A:
Correlation of antifactor Xa concentrations with renal function
in patients on enoxaparin. J Clin Pharmacol 2003, 43:586-590.
Sanderink GJ, Guimart CG, Ozoux ML, Jariwala NU, Shukla UA,
Boutouyrie BX: Pharmacokinetics and pharmacodynamics of
the prophylactic dose of enoxaparin once daily over 4 days in
patients with renal impairment. Thromb Res 2002,
105:225-231.

The DVTENOX Study Group: Markers of hemostatic system
activation in acute deep venous thrombosis-evolution during
the first days of heparin treatment. Thromb Haemost 1993,
70:909-914.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10424367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10424367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9821025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9821025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9821025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14663565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14663565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9474472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9474472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12405864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12405864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12405864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8310706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8310706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5637480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5637480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11157638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11157638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11157638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2742228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2742228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2742228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12771610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12771610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12771610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11897286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11897286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11011804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11011804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12817521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12817521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12817521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11927128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8165610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8165610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8165610

	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Patients
	Study protocol
	AFXa determinations
	Study endpoints
	Measurements and documentation of study parameters
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	References

