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Essentials

e Activated partial thromboplastin time (APTT) or anti-
Xa tests are used to monitor heparin.

* Prothrombinase-induced Clotting Time (PiCT) was
compared to APTT in a clinical study.

e PiCT shows higher correlation to anti-Xa than APTT
does and is more comparable between centers.

* PICT demonstrates significantly higher accuracy and
reliability than APTT in heparin monitoring.

Summary. Background: Unfractionated heparin (UFH) is
still a commonly used anticoagulant for prevention and
treatment of thromboembolism in a variety of situations.
Increasingly, chromogenic anti-Xa assays are used for
UFH monitoring given the high variability of the activated
partial thromboplastin time (APTT) in this setting. On the
other hand, and despite the known variability, the APTT
test remains the most frequently used monitoring tool in
UFH therapy because of its broad availability, lower costs
and wide acceptance. Various guidelines continue to rec-
ommend the use of the APTT as an anti-Xa surrogate, but
this approach remains controversial. Objective: To assess
the prothrombinase-induced clotting time (PiCT®) test,
reported in seconds, as an alternative to the APTT in the
management of UFH-mediated anticoagulation. Meth-
ods: Plasma samples from patients receiving UFH were
obtained in three different centers in the USA and Europe.
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Samples were analyzed for PiCT, APTT and anti-Xa
activities with conditions set to allow comparability. Tar-
get-ranges in seconds for PiCT and APTT were established
for a UFH concentration of 0.3-0.7 IU mL~", derived
from anti-Xa results as suggested by the ACCP guide-
lines. Results: PICT demonstrated better correlation with
anti-Xa IU mL™' than APTT, higher ability to identify
samples within target range and, importantly, comparable
target-ranges between different centers. Conclusion: Accu-
racy and reliability of PiCT are significantly better
than those of APTT in monitoring UFH for anticoagulant
therapy.

Keywords: activated partial thromboplastin time; blood
coagulation tests; clinical trial; diagnostic; reagent Kits;
unfractionated heparin.

Introduction

Unfractionated heparin (UFH) has been continuously
replaced over the past years for many uses by low-mole-
cular-weight heparins (LMWHs) because of a predictable
pharmacokinetic profile and ease of use. Nevertheless,
UFH is still a commonly used anticoagulant drug for sev-
eral indications, mainly because of its short half-life and
the possibility of completely reversing its effect [1]. A key
drawback of UFH is its variable interindividual response.
Failure to achieve adequate UFH doses can impair its
effective and safe use [2], making monitoring of its antico-
agulant action mandatory [3].

The most commonly used parameters to monitor UFH
therapy are the activated partial thromboplastin time
(APTT) and, to a lesser extent, heparin concentration
measured by anti-factor Xa activity (anti-Xa) [4]. The
APTT is known to be influenced by the presence of lupus
anticoagulants and various coagulation factor deficiencies
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(e.g. most prominently FXII, prekallikrein or high-mole-
cular-weight kininogen), as well as elevated levels of
FVIII and fibrinogen [5] and high leukocyte counts with
release of lactoferrin [6]. Significant reagent and analyzer
variability are leading to high intra-laboratory variability;
this all results in a need for frequent monitoring and dose
adaptation. On the other hand, anti-Xa tests directly
quantify residual FXa activity, therefore exhibiting mini-
mal influence by biological factors [7,8]. Despite these
advantages of anti-Xa assays, APTT continues to be the
methodology of choice for many laboratories monitoring
UFH therapy, mainly because of automation, round the
clock availability, no need for calibration, and reduced
costs [4].

To improve result coherence when assessing APTT-
based monitoring of UFH therapy, the American College
of Chest Physicians (ACCP) and the College of American
Pathologists (CAP) recommend that individual laborato-
ries compare APTT clotting times with UFH levels mea-
sured as anti-Xa activity [7,8]. In brief, APTT results
from a minimum of 20 patients are plotted against corre-
sponding heparin concentration levels obtained from the
same samples based on anti-Xa testing. After regression
analysis, the APTT clotting times spanning a UFH con-
centration between 0.3 and 0.7 U mL™" are considered to
reflect the local target-range for APTT monitoring [3],
using the APTT as a surrogate for anti-Xa activity [4].
Unfortunately, the correlation of APTT clotting times
with anti-Xa activity is sometimes found to be inade-
quate. Correlation coefficients and agreement factors with
the target-range as low as r = 0.4 [9] and 54%, respec-
tively, have been reported [10].

The PiCT test is a clotting time-based assay initiating
the coagulation cascade at the level of the prothrombi-
nase complex, thus bypassing most interferences associ-
ated with the intrinsic pathway-related variability seen
with APTT [11]. The PiCT test is responsive to both FXa
and thrombin activities. Previous reports have shown that
PiCT displays a statistically significantly higher level of
correlation with anti-Xa than APTT, suggesting that it
could represent a promising solution to resolve issues in
the monitoring and management of patients undergoing
UFH therapy [12].

In this study, we evaluated the use of PiCT as an alter-
native to the APTT in the monitoring of UFH therapy in
a multicenter setting. APTT and PiCT values were com-
pared with anti-Xa levels, in order to analyze between-
center consistency (target-range) as well as differences in
categorizing samples as being inside or outside of the
target-range.

Methods

The study was registered at www.ClinicalTrials.gov as
#NCT02052544 and performed after local Institutional
Review Board/Ethics Committee approval. A total of 377

samples from three centers (Switzerland, Germany and
the USA) were obtained from patients receiving UFH
therapy who gave informed consent (n = 121; 55% male,
45% female). Specimens were collected in Becton Dickin-
son tubes (containing 3.2% citrate for German and US
centers) or Becton Dickinson Vacutainer tubes (contain-
ing 3.8% citrate in the Swiss center). Tubes were used
according to the recommendation of the manufacturer.
Each sample was analyzed by APTT (HemosIL aPTT SP,
Instrumentation Laboratory, Bedford, MA, USA), anti-
Xa activity (Biophen Heparin 6, Hyphen BioMed,
Neuville sur Oise, France) and Pefakit® PiCT (DSM Pen-
tapharm, Basel, Switzerland) with ACL TOP instruments
(Instrumentation Laboratory). Plasma samples were pre-
pared according to Heparin 6’s instructions for use.
Blood samples were centrifuged within 1 h after blood
collection for 20 min at 3000 g at 18 °C or below. Plasma
was immediately decanted into plastic tubes using a plas-
tic pipette. Clotting time-based tests were performed
within 2 h of sample collection and anti-Xa tests were
performed in batches using frozen samples. Plasma sam-
ples from subjects who were treated with anticoagulants
other than UFH, who received fibrinolytic therapy during
the previous 4 weeks, who had known coagulation factor
deficiencies or were known to have an unexplained APTT
prolongation before receiving UFH were excluded from
the study. Dose-response curves were obtained by plot-
ting APTT or PiCT clotting times values vs. UFH con-
centration as determined by anti-Xa activity, for each
sample. APTT and PiCT target-ranges were determined
by identifying the clotting time spanning a concentration
of 0.3-0.7 U mL™', derived from regression analyses of
PiCT or APTT vs. anti-Xa activity, according to ACCP
and CAP guidelines [7,8]. Local standard procedures were
followed for prophylactic or therapeutic anticoagulant
management with UFH.

Statistical analysis was performed using Microsoft
Excel (Redmond, WA, USA) and MedCalc (Ostend, Bel-
gium). Regression analysis was performed to compare
PiCT and APTT in seconds with anti-Xa units in the
three centers individually and overall. The Bland-Altman
method [13] was used to analyze the agreement between
PiCT or APTT and anti-Xa for each individual center
and for all of them together. The resulting graphs are
scatter plots in which the y axis corresponds to the differ-
ence between PiCT or APTT in IU mL™" and anti-Xa in
IU mL™"; the x axis corresponds to the anti-Xa in
IU mL™!, considered as the reference method in this
study. To quantify agreement between methods, the mean
and the standard deviations of the differences between
the PiCT or APTT and anti-Xa have been plotted on the
graphs.

The percentages of PiCT and APTT results found
within and outside the local therapeutic range, defined
according to local anti-Xa levels, were calculated.
Z-scores, where Z = (x—p)/o, where x is the calculated
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UFH concentration, and g and o are the mean and stan-
dard deviation of all the calculated UFH concentrations
for the assay, were calculated to assess (i) the difference
between correlation coefficients calculated for PiCT and
APTT against anti-Xa and (ii) the difference between the
proportions of samples correctly assigned to the target-
range by PiCT and APTT with reference to anti-Xa.

Results and discussion

Results are displayed in Figs 1-3 and Table 1. Figure 1
depicts scatter plots obtained comparing APTT or PiCT
with UFH anti-Xa levels for each sample per center and
overall. Table 1 summarizes the key outcomes of this
analysis. First, PiCT demonstrates a higher level of
correlation with anti-Xa than APTT (0.88 vs. 0.76;
P < 0.0001). This increased correlation corresponds with
a significant improvement in classification of samples as
being within or out of the target-range (84% PiCT vs.
74% APTT; P =0.007). From a qualitative standpoint,
PiCT target-ranges are highly comparable between cen-
ters. This is especially true for centers two and three,
which display nearly identical ranges (77-107 s and
74-111 s, respectively), whereas the target-range for cen-
ter 1 (83-134 s) is remarkably consistent with previously
reported ranges for this same center (86-143 s) [12]. Cen-
ter 1 has a higher target-range, which is probably
explained by the citrate concentration used. This demon-
strates the need for each laboratory to establish its own
target-range. A clearly higher degree of variability in ther-
apeutic ranges between the different centers is observed
for APTT.

In order to quantitatively evaluate the impact of the
differences in correlation with anti-Xa between PiCT and
APTT, the clotting times from respective analyses of sam-
ples with these two tests were transformed to IU mL ™.
To this end, equations obtained from regression analyses
(not shown) were used to calculate UFH concentration as
IU mL~" from clotting times. Figure 2 depicts an analysis
of agreement in UFH content per sample, expressed as
IU/ml, between each clotting time test and the anti-Xa
test in the form of a Bland-Altman plot.

It can be observed that calculated UFH concentrations
based on PiCT consistently demonstrate a smaller devia-
tion from UFH concentrations measured by anti-Xa
assays than those calculated concentrations based on
APTT. Whereas PiCT-based UFH concentrations show a
consistent small deviation throughout the whole concen-
tration range, APTT results show an increasing level of
deviation with increasing UFH concentrations, especially
within the therapeutic dose target-range of 0.3—
0.7 TU mL~"'. This increasing APTT variability at higher
concentrations seems to be the cause of the lower overall
variability in classifying samples as within or out of tar-
get-range in center 1, as UFH levels were overall lower in
center 1. This phenomenon has an effect on the
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comparability of results between the centers. To further
study this phenomenon, samples within therapeutic tar-
get-range (0.3-0.7 IU mL ") according to the anti-Xa test
were analyzed separately. From these samples, target-
ranges of 77-110 s for PiCT and 67-127 s for APTT were
obtained (Table 1). Thereafter, all samples were evaluated
and were found to lie within a level of agreement with
anti-Xa of 73 £+ 4% (69%, 77% and 72% for centers 1, 2
and 3, respectively) for PiCT, as compared with
38 + 10% for APTT (43%, 28% and 48% for centers 1,
2 and 3, respectively).

To further illustrate the differences between the two
clotting time-based assays and the three centers, a distri-
bution analysis was performed with this same set of sam-
ples (i.e. samples within therapeutic target-range
according to anti-Xa test, Fig. 3). PiCT results demon-
strated Gaussian distribution (D’Agostino-Pearson test,
P =0.3011 overall). Close and nearly identical medians
and arithmetic means reflect the limited number of out-
liers (94 + 3 s and 95 + 1 s, respectively), as well as a
similar between-center response in seconds to different
levels of UFH within the studied range. In the case of
APTT, distributions are non-Gaussian (D’Agostino-Pear-
son test, P <0.0001 overall), with a higher difference
between medians and arithmetic means (69 + 7 s and
85 £ 12's, respectively). Finally, a significantly lower
standard deviation is found for PiCT (16 s) compared
with APTT (50 s, variance ratio F = 9.8603, P < 0.001
overall).

A potential limitation of the study is the (relatively)
small number of patients; however, the results were con-
sistent within each of the three centers as well as between
the three centers overall.

On the other hand, the study limits the comparison to
one APTT test (i.e. HemosIL aPTT SP), and results can-
not be in principle generalized to all APTT tests on the
market as there are many factors known to influence the
responsiveness to UFH, including variations of lipid com-
position and total phospholipid concentration. HemosIL
APTT SP was used as the reference of choice given its
high responsiveness to UFH and its lot-to-lot consistency
of results.

For the future, it seems important to recognize that the
APTT response is mainly a reflection of anti-Ila activity
mediated by longer UFH chains [9], and PiCT responds
to both anti-Xa and anti-Ila activities [11], probably
accounting for the observed higher levels of correlation of
PiCT with anti-Xa. It is therefore tempting to speculate
that PiCT might make it possible to reach therapeutic
ranges for UFH earlier during the course of therapy as
compared with the use of APTT. In this sense, PiCT
would provide improved management of UFH therapy,
but further studies are needed to test this hypothesis.
Finally, given its ability to respond to the activity of both
Flla and FXa, PiCT could become a versatile tool to fol-
low-up patients with new oral anticoagulant therapies
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Fig. 1. Scatter plots (including regression lines and 95% confidence intervals) describing the relationship between prothrombinase-induced clot-
ting time (PiCT) and activated partial thromboplastin time (APTT) in seconds and anti-Xa units during treatment with unfractionated heparin
(UFH) in each of the three different centers and overall. Correlation coefficients () and deduced therapeutic ranges (in seconds) are displayed
in the bottom-right corner of each scatter plot. Vertical dotted lines delimit the 0.3-0.7 IU mL™" therapeutic range defined by anti-Xa tests.
Horizontal dotted lines delimit respective therapeutic ranges in clotting time.
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Fig. 2. Bland-Altman plot depicting per-sample deviations between unfractionated heparin (UFH) plasma concentration as measured by anti-
Xa assay and concentration calculated from clotting time in seconds based on formulas obtained from the respective regression analysis in
Fig. 1. A difference from zero on the y-axis is indicative of absolute quantitative agreement of a given result in clotting time with its corre-
sponding anti-Xa activity measured in the same sample: the higher the positive or negative difference, the higher the error of the clotting time-
based test taking anti-Xa as reference. SD, standard deviation.
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Fig. 3. Distribution of clotting time values as box and whisker plots
obtained from measurements performed with either prothrombinase-
induced clotting time (PiCT) or activated partial thromboplastin
time (APTT), per center and overall. Only samples containing
unfractionated heparin (UFH) levels between 0.3 and-0.7 TU mL™!
are considered in the analysis. Central boxes represent values from
the lower to upper quartile (25-75 percentile). The middle line repre-
sents the median and inverted black triangles the arithmetic mean.
Horizontal short black lines delimit minimum to maximum values
excluding outliers (indicated as x symbols) and horizontal larger
grey lines delimit respective ranges spanned by all samples. Dotted
horizontal lines indicate the lower and upper limits of the overall
therapeutic range in seconds for PiCT (77-110 s) and APTT (67—
127 s), respectively. Inserts include respective standard deviations
calculated per center and overall.

(including rivaroxaban [14] and edoxaban [15]) if needed.
But again, more studies are needed to test these hypothe-
ses.

In summary, our study provides evidence that using
PiCT for monitoring UFH therapy results in a higher
degree of correlation with anti-Xa activity when compared
with APTT, and a better overall agreement in sample clas-
sification when compared with the anti-Xa target-range
recommended by ACCP and CAP guidelines. PiCT-based
target-ranges between centers were more consistent than
those of APTT, with an overall target-range of 70-110 s
(and a median of 94 s), corresponding to UFH plasma
levels of 0.3-0.7 IU mL~'. This suggests that PiCT is
better suited for clinically monitoring UFH therapy than
APTT when clotting-based assays are used for this
purpose.

Addendum

A. C. Brisset prepared the figures and wrote the paper.
A. Ferrandez designed and reviewed the study protocols,
analyzed the data and wrote the paper. M. Krause,
S. Rathbun and W. Korte enrolled the patients.
M. Krause, R. Marlar and W. Korte conducted measure-
ments. W. Korte designed and reviewed the study proto-
col. All authors reviewed and made critical comments on
the manuscript and approved the final manuscript. The
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measurements were carried out in St Gallen, Wiesbaden
and Oklahoma.
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