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Effects of pre-analytical variables on the anti-activated factor
X chromogenic assay when monitoring unfractionated
heparin and low molecular weight heparin anticoagulation
David L. McGlasson?, Daniel A. Kaczor®, Richard A. Krasuski®, Charles L.
Campbell®, Maria R. Kostur® and Joseph T. Adinaro®

The purpose of this study was to determine whether the
anti-activated factor X (anti-FXa) assay is less affected by
pre-analytical variables in monitoring patients on
unfractionated heparin (UFH) and low molecular weight
heparin (LMWH) than the activated partial thromboplastin
time (aPTT). Forty-six subjects receiving either enoxaparin
(LMWH) or UFH were randomly selected. Each study subject
had six vacutainer tubes (3.8% sodium citrate, 3.2% sodium
citrate) drawn by an atraumatic venipuncture. One tube from
each set had a blood to anticoagulant ratio of 9 : 1. The other
tube had an intentional ‘short-draw’ of approximately 6 : 1
blood to anticoagulant ratio. All specimens had an aPTT and
a chromogenic anti-FXa assay performed on each specimen
regardless of heparin type. The aPTT assay mean with the
3.8% sodium citrate tube short-draw tube was statistically
different from the other aPTT assays (P = 0.06). However,
all six of the mean anti-FXa assays for the UFH and LMWH
heparin subjects were not statistically or clinically different
(analysis of variance, P = 0.9878 for UFH and P = 0.9060 for
LMWH). The intentional short-draw tube did not affect the
anti-FXa assay regardless of the anticoagulant. The anti-FXa
assay appears to be a better method for monitoring heparin

Introduction

The purpose of this research protocol was to determine
whether the anti-activated factor X (anti-FXa) assay is
less affected by pre-analytical variables in monitoring
patients on unfractionated heparin (UFH) and low mole-
cular weight heparin (LMWH) than the activated partial
thromboplastin time (aP'T'T). The aPTT is the assay
most commonly used to monitor the effects of UFH
therapy. UFH potentiates the activity of antithrombin
and covalently neutralizes thrombin and activated factor
X (FXa) [1]. LMWH such as enoxaparin selectively
catalyzes the neutralization of FXa over thrombin and
usually cannot be measured using the aPT'T assay [1].
The method of choice for monitoring LMWH and other
heparin analogues is the anti-FXa chromogenic assay.
"This procedure can also be used to measure the amount
of UFH present [1,2]. Previous publications have cited
the interference of anticoagulants, factor deficiencies,
interfering substances, specimen collection, aPTT
reagent sensitivity and instrumentation in affecting the
aP’I"T [3—12]. Other studies have shown situations where
a therapeutic anti-FXa level of UFH was achieved but
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subjects than the aPTT due to the lack of effect of pre-
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dosage changes were necessary due to a non-therapeutic
aP'T'T level [11,13]. Our study used different concentra-
tions of anticoagulant, collection tubes and amount of the
blood to anticoagulant ratio to see whether these vari-
ables affected the aP'T'T and the anti-FXa assay on the
UFH and LMWH dosing regimens.

Materials and methods

This protocol was approved through the local institu-
tional review board in accord with the tenets of the
Helsinki protocol for human subject experimentation.
This study was also monitored and approved by the
United States Air Force Surgeon General’s Office.
Twenty-six subjects (13 male and 13 female, age range
26-91 years) receiving LMWH (enoxaparin) in varying
concentrations were randomly selected and consented
with their approval for participation in this study. Twenty
individuals (10 male and 10 female, age range 20—
85 years of age) receiving UFH were also randomly
selected and consented. The existing conditions in the
protocol subjects that necessitated them being prescribed
anticoagulant therapy were many. These included
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coronary artery disease, deep vein thrombosis, antiphos-
pholipid antibody syndrome and recurrent spontancous
abortion, to name a few. Some of the subjects were also
receiving oral anticoagulant therapy.

Each study subject had six tubes of citrated blood
obtained by venipuncture in a one-time blood draw.
T'wo vacutainer tubes were collected using 3.8% sodium
citrate (0.129 mol/l), two used 3.2% (0.105 mol/l) sodium
citrate, and two contained an anticoagulant called CTAD
(0.109 mol/l sodium citrate, 15 mmol/l theophylline,
3.7 mmol/l adenosine and 0.198 mmol/l dipyridamole).
All of the tubes were non-wettable, siliconized glass. All
of the tubes were purchased from BD Vacutainer Systems
(Franklin Lakes, New Jersey, USA). The C'TAD tube is a
specially designed vacutainer collection tube to prevent
platelet aggregation 7z vitro, which minimizes the release
of platelet products such as the heparin inhibitor platelet
factor 4 that may occur between the time of specimen
collection, processing and sample testing [14,15]. One
tube for each anticoagulant had a blood to anticoagulant
ratio of 9: 1 (normal draw) and the second tube had an
intentional ‘short-draw’ of approximately 6:1 (short
draw) ratio. All of the tubes were of the 4.5 ml collection
size. All of the specimens were centrifuged for 15 min at
2500 x g to achieve platelet-poor plasma to ensure a
residual platelet count of less than 10 000 platelets/pl.
The supernatant plasma was then separated into cryovials
and stored at approximately —70°C until ready for test-
ing. The plasma was thawed at approximately 37°C for
5 min before testing. No clotted specimens, lipemia, or
evidence of hemolysis in any of the specimens were
evident.

All six specimens on each subject had an aPT'T and an
anti-FXa assay performed regardless of the type of
heparin they were receiving. The aP’I"'T" was performed
using PT'T-A from Diagnostica-Stago, Inc. (Parsippany,
New Jersey, USA) on an STA-R automated coagulation
analyzer. The UFH and LMWH levels were measured
using an anti-FXa assay from Diagnostica-Stago, Inc., the
STA-Rotachrom Heparin colorimetric assay for measur-
ing anti-FXa activity, on the STA-R analyzer. Each anti-
FXa heparin assay was performed using either a standard
UFH or LMWH calibration curve using a specific com-
bination of calibrators. An analysis of variance (ANOVA)
statistical test, a 7 test and descriptive statistics were used
to compare each set of results.

Results

Currently the 3.2% sodium citrate tube with a 9 : 1 blood
to anticoagulant ratio of specimen is considered the
standard-draw tube and collection ratio for routine coa-
gulation testing. The 3.8% sodium citrate short draw had
the highest mean of all of the aPT'T tubes on the UFH
subjects and was statistically significantly different (127.2
versus 105.4 s; Student’s 7 test, P = 0.06). All of the other

Table 1 Activated partial thromboplastin time (aPTT) results on all
subjects
ANOVA: single factor

Group UFH average (s) LMWH average (s)
aPTT 3.8 ND 105.4 37.9

aPTT 3.8 SD 127.2 41.2

aPTT 3.2 ND 107.7 37.1

aPTT 3.2 SD 105.5 39.6

aPTT CTAD ND 104.3 37.7

aPTT CTAD SD 100.1 41.2

Analysis of variance (ANOVA) for unfractionated heparin (UFH), P = 0.9481;
ANOVA for low molecular weight heparin (LMWH), P = 0.4665. ND, normal draw
(9:1 blood to anticoagulant ratio specimen collection); SD, short draw (6 : 1
blood to anticoagulant ration specimen collection); CTAD, 0.109 mol/l sodium
citrate, 15 mmol/l theophylline, 3.7 mmol/l adenosine and 0.198 mmol/I dipyrida-
mole.

combinations of collection tubes and anticoagulant and
ratio comparisons were not statistically different. The
ANOVA assay comparison between the two specimen
tubes for each anticoagulant gave an excellent compar-
ison statistically (P = 0.9481). The aP'I'T is not normally
used for monitoring the LMWH anticoagulation. How-
ever, depending on the molecular weight of the LMWH,
and the choice of aPT'T reagent/instrument combina-
tions, several LMWHSs may be capable of prolonging the
aPT'T assay. Our protocol was to compare all of the same
conditions that were carried out with the UFH subjects.
The LMWH aPT'T assays had a mean range of 37.1-
41.2 5. The highest mean observed was with the CTAD
normal collection tube. The ANOVA result P value was
only 0.4665, which does not give a good comparison.
Statistically there is a great difference in the results.
Clinically there was very little difference in the data.
This is especially true since this assay is not usually
relevant to the LMWH levels. See Table 1 for results
of all aPT'T testing.

The UFH anti-FXa mean range result comparing all six
tubes was 0.32-0.37 IU/ml. The ANOVA for the UFH
anti-FXa assay was excellent with a P value of 0.9878.
The normal draw CTAD tube did yield the highest
amount of UFH present. However, it was not statistically
or apparently clinically significant. The LMWH anti-FXa

Table 2 Anti-activated factor X results on all heparin subjects

ANOVA: single factor

Group UFH average (IU/ml) LMWH average (IU/ml)
UFH 3.8 ND 0.36 0.42
UFH 3.8 SD 0.32 0.37
UFH 3.2 ND 0.37 0.43
UFH 3.2 SD 0.33 0.38
UFH CTAD ND 0.37 0.46
UFH CTAD SD 0.36 0.43

Analysis of variance (ANOVA) for unfractionated heparin (UFH), P = 0.9878;
ANOVA for low molecular weight heparin (LMWH), P = 0.9100. ND, normal draw
(9:1 blood to anticoagulant ratio specimen collection); SD, short draw (6 : 1
blood to anticoagulant ration specimen collection); CTAD, 0.109 mol/l sodium
citrate, 15 mmol/l theophylline, 3.7 mmol/I adenosine and 0.198 mmol/I dipyrida-
mole.
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Table 3 Examples of comparisons of unfractionated heparin (UFH) activated partial thromboplastin time (aPTT) results with anti-activated

factor X (anti-FXa) heparin results

Subject 38 NDaPTT  38SDaPTT  32NDaPTT  32SDaPTT  CTADNDaPTT  CTAD SD aPTT  aPTT mean (s)  Anti-FXa mean (IU/ml)
6284 36.9 48.9 38.4 41.4 43.3 47.8 42.8 0.41
0297 114.5 109.9 116.2 107.1 112.8 110.9 111.9 0.35
5793 69.1 64.9 66 66 69.6 67.5 67.2 0.29
1130 68.3 90.8 63.1 74.3 64.4 78.2 73.2 0.45
0807 111.2 133.6 118.6 117 110.6 128.6 119.9 0.45
0447 36.4 63.3 35.8 43.6 34.3 51.1 441 0.46
0316 70.7 75.6 78.5 69.5 73.8 66.1 72.4 0.57
6296 114.7 234.2 91.6 114.8 124.3 139.7 136.6 0.05

ND, normal draw (9 : 1 blood to anticoagulant ratio specimen collection); SD, short draw (6 : 1 blood to anticoagulant ration specimen collection); CTAD, 0.109 mol/|
sodium citrate, 15 mmol/I theophylline, 3.7 mmol/| adenosine and 0.198 mmol/l dipyridamole.

assay had a mean range of 0.37-0.46 IU/ml with the
CTAD normal-draw tube again having the highest recov-
ery of heparin. The ANOVA results had a P value of
0.9100. See Table 2 for results of all anti-FXa testing.

The aPTT results were skewed for the UFH subjects in
comparison with the anti-FXa UFH results in many
subjects. For example one subject had a mean of aPT'T’
results of 42.8s and a heparin level of 0.41 IU/ml. A
second subject had an aP’I'T" of 73.2's with a heparin
level of 0.45 TU/ml. Another subject had aP'T'T results of
111.9 s with a heparin level of 0.35 IU/ml. These few
examples corroborate other studies that discussed the
disparity in the aP'T'T and the heparin levels due to other
variables besides the effects of the heparin.

Discussion

Previous investigators have described problems that can
occur with various pre-analytical conditions on clottable
assays such as the anticoagulant, specimen collection and
processing, factor deficiencies, and inhibitors, both spe-
cific and non-specific. It has been known for many years
that the response of the aP'T'T to heparin may vary greatly
depending on the coagulation reagents responsiveness,
reagent/instrument combinations, patient response to
heparin and, to some degree, the source of the heparin
[1-12]. However, there have been few studies if any that
describe how the same pre-analytical variables may affect
the anti-FXa chromogenic assay for monitoring both
UFH and LMWH. In this protocol the pre-analytical
variables we looked at mirrored some of the other studies
results. The 3.8% citrate collection tube aP'T'T result was
affected the most by the short-draw and anticoagulant
effect. There were no statistically significant differences
between the other collection tubes or anticoagulant ratio
on the aPT'T results. However, the results may be mis-
leading as several subjects on UFH had aP'T'T times that
were longer than 300 s. These data probably skewed the
mean results of the assay. As mentioned in Results, there
were several data points that did not correlate with
the actual amount of heparin present. The CTAD tube
usually yielded the highest amount of heparin regardless

of the blood to anticoagulant ratio. However, this finding
did not appear to be clinically or statistically significant in
these datasets.

The anti-FXa heparin results were not statistically or
clinically affected by any of the collection tubes or blood
to anticoagulant ratio in any of the datasets on either the
UFH or LMWH specimens. In theory there should be
corresponding results in the therapeutic range of
0.3-0.7 TU/ml heparin units with the anti-FXa assay that
the hemostasis laboratory sets up using the ex vivo
Brill-Edwards method for establishing the heparin
therapeutic range of the aPT'T' [16]. The individual
aPTT results and the anti-FXa assay showed a high
degree of discordance as seen in previous studies. See
selected results in Table 3.

"T'he in vitro addition of heparin and aP'T'T prolongation
has shown a high degree of correlation when attempts
have been made to establish a therapeutic range of test
results. However, when assaying the heparin using iz vivo
samples against the aP'T'T, the correlations are very poor.
In some of the studies less than 50% of the aPTT results
correlated with the anti-FXa results for heparinized spe-
cimens or explained the differences in the heparin con-
centrations [11]. In one study the correlation was better
for aP'T'T/anti-FXa testing than for aPT'T'/protamine
sulfate titration comparisons [17].

These findings could lead to inappropriate heparin man-
agement and life-threatening complications including
thromboses or hemorrhage. It appears the time is right
to ‘retire’ the aPT'T for heparin monitoring and replace it
with an assay that is not affected by any of the variables
that may compromise the aP'T'T result.
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