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Stability of low molecular weight heparin anti-factor Xa activity
in citrated whole blood and plasma

Low molecular weight heparins (LMWH) are administered in
fixed, weight-adjusted doses without the need of routine
laboratory monitoring. However, measurement of anti-factor
Xa (anti-FXa) activity is suggested in obese patients and in
those with renal insufficiency (Samama & Poller, 1995; Kessler,
1997; Abbate et al, 1998) and recommended in pregnant

women treated with therapeutic doses of LMWH (Hirsh et al,
2008). To the best of our knowledge there are no data
regarding the influence of various sample processing and
storage methods on LMWH anti-FXa activity.

The present study aimed to evaluate stability of LMWH
anti-FXa activity in citrated whole blood (WB) and citrated
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platelet-poor-plasma (PPP) stored at room temperature (RT),
and in plasma samples after a freezing/thawing cycle.

Anti-FXa activity was investigated in 60 patients treated with
different LMWH compounds at the University Hospital
Inselspital, Bern, Switzerland, for whom monitoring of anti-
FXa levels was required. Thirty patients (21 women; median
age: 372 years, range: 11-2-77'5) received nadroparin (Fraxi-
parine/Fraxiforte, GlaxoSmithKline, Miinchenbuchsee, Swit-
zerland). In 19 of them with therapeutic treatment (nine
pregnant women, seven individuals with cancer and three with
renal insufficiency) blood sampling was performed either 4 h
after dosing (n = 12) or immediately before the next admin-
istration (n = 7). Additionally, in 11 patients with prophylactic
nadroparin treatment (six pregnant women, four patients with
renal insufficiency and one with cancer) trough levels of anti-
FXa activity were requested in order to exclude LMWH
accumulation. Twenty patients (14 women; median age:
582 years, range 32:9-92-4) received enoxaparin (Clexane,
Sanofi Aventis, Geneve, Switzerland) in therapeutic (eight
pregnant women, five individuals with renal insufficiency and
one with cancer) or prophylactic (five pregnant women,
one with renal insufficiency) dosage. Blood sampling was
performed either 4 h after dosing (n = 14) or immediately
before the next administration (n = 6). Finally, 10 patients
(two males aged 55'5 and 75-5 years with cancer and renal
insufficiency, and eight male children aged between 4-5 and
15'6 years with cancer) received dalteparin (Fragmin, Pfizer,
Ziirich, Switzerland) in therapeutic (n = 7; blood sampling 4 h
after dosing) or prophylactic (n = 3; blood sampling imme-
diately before next application) dosage.

Blood was collected by venipuncture into 0-106 mol/l
tri-sodium citrate (9:1 vol/vol) in 5 ml plastic syringes
(Monovette, Sarstedt, Niimbrecht, Germany) and sent to the
laboratory by pneumatic tube mail. WB (2 ml) was centrifuged
twice at 1500 g for 10 min each at 20°C. Anti-FXa activity was
measured immediately (PPP fresh) and 600 pul of the remaining
plasma was stored in a 750 pl capped polypropylene vial at RT
for 4-6 and 24 h, when anti-FXa activity was measured again
(PPP 4-6 h, PPP 24 h). An aliquot of 400 pl plasma was snap-
frozen, stored in a 750 pl capped polypropylene vial at —20°C
for 24 h, and subsequently assessed (PPP thawed). The
remainder of WB (3 ml) were kept in the original collecting
tube on a shelf rotator for 4-6 and 24 h, when 1 ml WB was
centrifuged and immediately assessed (WB 4-6 h, WB 24 h).
Anti-FXa activity was measured in 60 pl plasma by a chromo-
genic method (Biophen Heparin 6; Hyphen BioMed, Neuville-
sur-Oise, France) according to the manufacturer’s instruction
on a BCS-XP coagulometer (Siemens Healthcare Diagnostics,
Eschborn, Germany). The standard curve was prepared with
commercial calibrators (Biophen LMWH Calibrator; Hyphen
BioMed). The coefficient of variation (CV) between assays was
6'4% and 14-6% for anti-FXa levels close to 0-50 and 0-20 IU
anti-FXa/ml, respectively. The assay does not provide excess
antithrombin, and relies on the antithrombin activity of the
sample. In order to assess the impact of the freeze-thawing

process on antithrombin, we assessed its activity (Coamatic LR
Antithrombin; Chromogenix — Instrumentation Laboratory,
Milano, Italy) in 10 samples, without noticing a statistically
significant difference between fresh (median 106%; interquar-
tile range, IQR: 88-118) and thawed (median 101%; IQR:
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Fig 1. Preanalytical stability of anti-factor Xa activity. (A) Nadroparin
(n =30), (B) Enoxaparin (n = 20), (C) Dalteparin (n = 10). PPP,
platelet poor plasma; WB, citrated whole blood; IU, international
units.
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81-109) plasma samples (P = 0-105, Wilcoxon signed rank
test, SigmaStat v3.1; Systat Software Inc., San Jose, CA, USA).

Friedman repeated measures analysis of variance on ranks
showed statistically significant differences in all three treatment
groups (nadroparin: P = 0-047, Fig 1A; enoxaparin: P = 0-004,
Fig 1B; dalteparin: P = 0-002, Fig 1C). Multiple comparisons
versus anti-FXa activity in the fresh plasma samples demon-
strated statistically significant lower values in WB 24 h samples
(P < 0-05; Dunn’s method), with following median differ-
ences: —2:6% for nadroparin (IQR: —13'5 to 2-0), —4-8% for
enoxaparin (IQR: —8:0 to —10), and —13% for dalteparin
(IQR: =142 to —8-3). Anti-FXa activity measured in PPP 24 h
and PPP thawed samples did not differ from the initial value.
Of note, anti-FXa activity in WB 4—6 h samples also did not
statistically differ from the initial value (P > 0-05; Dunn’s
method).

It has been shown that platelet factor 4 (PF4) binding to
heparin can lead to underestimation of heparin activity (Levine
et al, 1984) but that this interaction is weaker with LMWH
than unfractionated heparin (Denton et al, 1983). The present
data indicate that the amount of PF4 released from platelets in
citrated WB stored at RT for up to 24 h on a shelf rotator does
not exert a clinically relevant inhibition of LMWH anti-FXa
activity. In fact, observed median percentage changes were
comparable to the method’s CV and anti-FXa values measured
in WB 24 h samples would not have led to different clinical
decisions compared to fresh PPP results (for example, for
nadroparin, the pair with the highest percentage decline: 0-183
vs. 0-264 IU anti-FXa/ml, or the sample with the second-
highest anti-FXa activity: 0-864 vs. 1:078 IU anti-FXa/ml).

Our work shows that the LMWH compounds nadroparin,
enoxaparin and dalteparin are stable in specimens stored at
RT, either as fresh plasma for at least 24 h or as WB up to
4-6 h, and it also demonstrates that anti-FXa activity in WB
stored at RT for 24 h shows a statistically significant, but
clinically not relevant decrease (Fig 1). These data suggest that
shipping plasma or WB specimens to a central laboratory does
not significantly affect anti-FXa activity measurements. Of
note, shipping blood in the original collection tube would

Correspondence

enable the laboratory to control several preanalytical variables,
such as anticoagulant type, tube filling, and centrifugation
(Zuircher et al, 2008). Finally, this study also indicates that
assessment of anti-FXa activity in frozen/thawed plasma
samples is reliable for all three LMWH compounds investi-
gated.

In conclusion, anti-FXa activity in citrated plasma and WB
samples from patients treated with nadroparin, enoxaparin or
dalteparin is sufficiently stable for 24 h after blood drawing in
order to allow shipping to a central laboratory. This informa-
tion is practically relevant for outpatients requiring monitoring
of anti-FXa activity.
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