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Summary In this study, we compared the effect of sodium citrate, a sample collection variable, on the

anti-Xa levels of patients (n ¼ 28) on dalteparin, a low molecular weight heparin. The

median anti-Xa level for 3.2% sodium citrate was 0.235 U/ml while the median level for

3.8% sodium citrate was 0.230 U/ml. We conclude that different sodium citrate concen-

trations give statistically equivalent anti-Xa levels for the same samples. This conclusion is

in contrast to the findings of the effect of sodium citrate concentration on International

Normalized Ratio (INR) and activated partial-thromboplastin time (aPTT). In accordance

with previous recommendations, we advocate the exclusive use of 3.2% sodium citrate in

an effort to standardize coagulation testing.
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Introduction

Unfractionated heparin (UFH) has long been the therapy

of choice for the prevention and treatment of thrombo-

embolic events (Hirsh, 1991). Within the last two decades,

low molecular weight heparins (LMWH) have emerged as

an acceptable alternative for anticoagulation therapy

(Weitz, 1997). Indications for LMWH use include prophy-

laxis of deep vein thrombosis (DVT) with general and

orthopedic surgery, prevention of coagulation during

hemodialysis, initial treatment of DVT and pulmonary

embolism and adjunctive treatment of unstable angina

(Hirsh and Levine, 1992; Howard, 1997).

Historically, indirect monitoring of anticoagulant levels

has been an integral aspect of therapy. To optimize the

clinical efficacy of UFH and to minimize adverse effects, the

activated partial-thromboplastin time (aPTT) is routinely

monitored (Hirsh, 1991). LMWHs have less anti-thrombin

(anti-IIa) activity but have retained the ability to inhibit

clotting factor Xa as compared to UFH. As a result,

LMWHs only prolong the aPTT weakly compared to UFH

(Hirsh and Levine, 1992; Fareed et al., 1997). To monitor

LMWH therapy, the current test of choice is the chrom-

ogenic anti-Xa activity assay (Kitchen et al., 1999).

Many clinical trials have illustrated that, unlike UFH,

monitoring of LMWH is not always necessary (Alhenc-Gelas

et al., 1994; Abbate et al., 1998). An explanation for this

observation is the greater predictability of the response to

anticoagulation therapy with LMWH than with UFH.

Moreover, the lack of a need to monitor the effects of

LMWH has been clinically validated in large randomized

clinical trials when compared to monitored UFH (Levine

et al., 1996). This increased reliability can be attributed to

the pharmacological properties of LMWH. The half-life of

LMWH is independent of dose and, when compared to UFH,

there is less non-specific binding of LMWH to plasma

proteins. As a result, the majority of patients fall into the

desired therapeutic range and the need for dose adjustment

is less frequent (Boneu, 1994). However, in some specific

situations, monitoring of anti-Xa activity may be necessary.
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These may include cases involving pediatrics, chronic renal

failure, pregnant or elderly patients and the obese (Kitchen

et al., 1999; Greaves, 2002).

When performing any study, it is important to consider

the many variables that may affect the accuracy of the

results. Coagulation assays are no exception. When

interpreting results, it is necessary to consider all variables

associated with sample collection, processing and analysis

(Adcock, Kressin & Marlar, 1998). Previous studies have

illustrated significant inconsistency in anti-Xa activity

levels due to the use of different chromogenic assays

(Kitchen et al., 1999; Kovacs et al., 1999) and equipment

(Kovacs et al., 1999). The aim of this study was to report

the effect of a sample collection variable, the sodium

citrate concentration, on the monitoring of LMWH with a

chromogenic anti-Xa assay.

Material and methods

Patients

Citrated plasma samples were collected from 28 consecu-

tive patients on therapeutic doses of dalteparin for DVT or

pulmonary embolism. Samples were collected at random

times following injection.

Samples

Two venous blood samples were collected from each

patient using an evacuated tube collection system con-

taining the anticoagulant sodium citrate (Becton-

Dickinson, Rutherford, NJ). One of these samples was

drawn into a collection tube containing 3.2% (109 mM)

sodium citrate and the other sample in a tube containing

3.8% (129 mM) sodium citrate. The order in which these

two Vacutainer tubes were filled was randomized.

Samples were double centrifuged at 1700 · g for

20 min at 4 �C to obtain platelet poor plasma. This

plasma was stored at )70 �C until batch tests were

performed at a later date. All tests were performed by the

same technologist without knowledge of the order in

which samples were collected.

For each sample, chromogenic anti-Xa levels were

measured in duplicate by the method of IL-Heparin

(Instrumentation Laboratory, Lexington, MA) according

to manufacturer’s specifications on an ACL 300+ coagu-

lometer (Instrumentation Laboratory, Lexington, MA).

Duplicate samples of both 3.2 and 3.8% sodium citrate

from each patient were analyzed in the same run against

the same standard. This was done to eliminate intra-assay

variability.

Statistics

Correlation and regression analyses using Excel (Micro-

soft, Seattle, WA) and a signed rank test for non-

parametric were performed on the median anti-Xa levels.

The null hypothesis was that there was a difference

between the median anti-Xa levels with 3.2% citrate and

the median anti-Xa levels with 3.8% citrate.

Results

The anti-Xa levels of plasma samples collected in tubes

with 3.2% citrate are compared against samples collected

with 3.8% citrate in Figure 1. This figure illustrates a high

correlation between the two samples for each patient

(R2 ¼ 0.9805). The regression line is described by the

equation y¼0.9616x+0.0126. The median anti-Xa levels

for 3.2% citrate was 0.235 U/ml (range 0.02–1.93 U/ml)

and 0.230 U/ml (range 0.03–1.84 U/ml) for 3.8% citrate.

The median anti-Xa levels were not significantly different

using a signed rank test (P value ¼ 0.57).

Discussion

There is no argument regarding the role of LMWH in

anticoagulation therapy. However, there is some dispute

as to the role of LMWH monitoring. Several clinical trials

have shown that without laboratory monitoring, the use

of LMWH at a fixed dose is safe and effective (Alhenc-Gelas

et al., 1994; Levine et al., 1996). Yet, largely excluded

from most clinical trials are the subgroups where LMWH

activity is less predictable. Included in this population are

pregnant women, the elderly, the obese, children and

patients with chronic renal failure (Kitchen et al., 1999;

Greaves, 2002). As a result, the value of anti-Xa assays in

these more complex patients remains uncertain and

warrants investigation.

As with any laboratory assay, every attempt must be

made to control the variability between samples. This

variability can involve sample collection, processing and
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Figure 1. 3.2% Citrate vs. 3.8% citrate.
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analysis (Adcock et al., 1998). In this study, we evaluated

a factor involving sample collection. Currently, blood is

routinely collected using an evacuated tube collection

system. The anticoagulant sodium citrate is present in

these vacuum tubes in two commercially available con-

centrations of 3.2 and 3.8%. We demonstrated that the

concentration of citrate used in coagulation testing did not

significantly affect anti-Xa levels. This is in contrast to the

results shown in previous studies examining the effect of

citrate concentration on aPTT and INR (Duncan et al.,

1994; Danielson et al., 1997; Adcock et al., 1997, 1998).

These studies demonstrated significant prolonging of both

the aPTT and INR with a higher citrate concentration.

Based on these findings, recommendations were made to

encourage universal use of only one concentration of

citrate. The National Committee for Clinical Laboratory

Standards (NCCLS) currently suggests the use of 3.2%

sodium citrate exclusively (NCCLS, 1998). However,

collection tubes containing 3.8% citrate are still manu-

factured and used, although their popularity is decreasing.

It has previously been demonstrated that the specimen

volume is a critical variable to consider when interpreting

aPTT and INR results (Adcock et al., 1998). According to

the NCCLS, the acceptable ratio of blood to anticoagulant

is 9:1. Adcock et al. illustrated that the minimum fill

volume is dependent on citrate concentration with a

higher percent fill volume required with a higher citrate

concentration (3.8%). The effect of sample volume is not

known with respect to anti-Xa levels. If anti-Xa levels

behave similarly to varying fill volumes as aPTT and INR,

it would be more critical to achieve optimal specimen

volumes with 3.8% citrate than with 3.2%. Therefore, this

is another potential variable to consider when evaluating

LMWH activity.

Although our study found no significant difference

between anti-Xa levels due to different citrate concentra-

tions, we support the previous recommendations that only

3.2% citrate be used. As the accuracy of aPTT and INR

results are dependent on citrate concentration and to

avoid potential confusion, it seems practical to consistently

use the same concentration of 3.2% for these three

coagulation tests.

In conclusion, we demonstrated that anti-Xa levels were

statistically equivalent regardless of citrate concentration

for the same patient samples on therapeutic doses of

dalteparin. These results were in contrast to previous

findings of similar studies evaluating aPTT and INR. In an

effort to standardize coagulation testing, and in accord-

ance with previous recommendations, we still advocate for

the universal use of the 3.2% sodium citrate concentra-

tion.
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