
ABSTRACT

The thrombolytic assessment system (TAS) is a new point-of-
care analyzer that performs several coagulation assays from citrat-
ed whole blood or plasma. The purpose of this study was to
determine the performance characteristics of this point-of-care
analyzer vs. parent laboratory and other point-of-care methods
(Coumatrak PT and Ciba-Corning 512 aPTT) on prothrombin
times (PT) and activated partial thromboplastin times (aPTT).
Activated clotting times (ACT) were compared with the TAS
heparin management test for monitoring patients on high-dose
heparin during cardiopulmonary bypass procedures. The TAS
had statistically insignificant differences (p = 0.56) between par-
ent lab PT using international normalized ratios. The TAS aPTT
was significantly different from that of the clinical laboratory 
(R2 = 0.53, p < 0.05) because of differences in reference intervals
and heparin sensitivity. The TAS heparin management test was
equivalent to the ACT (R 2 = 0.68) with better correlation to
heparin levels than the ACT (R2 for TAS = 0.49; R 2 for ACT =
0.23). Lab Hematol 4:217–224, 1998
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INTRODUCTION

Point-of-care coagulation testing has been in use for more than
30 years. Hattersly [1] developed the activated clotting time (ACT)
in 1966 as a means of monitoring heparin anticoagulation during

cardiopulmonary bypass. Since that time, other methods and
mechanical detection systems have been developed for facilitating
patient care by providing coagulation testing outside the laboratory.
The thrombolytic assessment system (TAS) (Cardiovascular Diag-
nostics, Raleigh, NC) is a new point-of-care device used for per-
forming prothrombin times (PT), activated partial thromboplastin
times (aPTT), and a test equivalent to activated clotting time, the
heparin management test (HMT). Several point-of-care coagulation
analyzers are currently available for clinical use. They primarily use
whole blood from a fingerstick, while the TAS methods require cit-
rated whole blood or plasma. The purpose of this study was to com-
pare the TAS with an established clinical laboratory method and
other point-of-care devices used for assessing coagulation status.

METHODS

Sample Selection and Preparation
Normal donors, patients documented to be receiving oral anti-

coagulation or heparin therapy, or patients with clinical events asso-
ciated with coagulopathy (including disseminated intravascular
coagulation, liver disease, and trauma) were selected for PT and
aPTT analysis. The high-dose heparin anticoagulation of patients
undergoing cardiopulmonary bypass was monitored with both
ACT and HMT.

All samples to be analyzed using TAS were collected into 0.105-
M buffered sodium citrate vacutainer tubes (Becton Dickinson,
Franklin Lakes, NJ) using a 21-gauge butterfly needle and syringe.
For whole blood testing, a single drop of whole blood was immedi-
ately (within 15 seconds) added to the test cartridge before citrate
anticoagulation. Citrated whole blood samples were first tested on
the TAS system. The residual citrated sample was then centrifuged
at 1500g for 15 minutes to achieve platelet-poor plasma
(<10�109/L) and subsequently tested using the standard clinical
laboratory methods described below. Plasma samples requiring
additional testing were frozen at –70°C until tested. Except for
whole blood assays, all samples were tested within 1 hour of collec-
tion. To prevent cold activation of factor VII, all citrated samples
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were maintained and processed at room temperature (22–28°C).
All tests were performed according to manufacturer’s instructions.

TAS
The TAS method uses a single-use test cartridge containing para-

magnetic iron oxide particles [2] and a specified reagent for each
analyte (Table 1). Each TAS test cartridge is lot-specific and is mag-
netically coded with cartridge (test) type and any appropriate calibra-
tion factors or normal reference intervals determined by the manu-
facturer. The TAS instrument reads this encoded information before
testing. Citrated whole blood (or plasma) is added to the test car-
tridge once it has been inserted into the TAS device. The blood
moves via capillary action and mixes with the paramagnetic iron
oxide particles and reagent within the testing chamber. Simultane-
ously, the device creates a pulsating magnetic field that causes the
iron oxide particles to move up and down. As the sample clots, the
decreased movement of the particles is detected optically, and the
resultant time is displayed in seconds, as well as ratios and interna-
tional normalized ratios (INR) for PT. The TAS unit can be set up to
use either a fixed reference mean (as determined by the manufactur-
er) or can be altered by the end user. Unless otherwise specified, the
reference mean and international sensitivity index (ISI) are encoded
on the test cartridge. For PT, the TAS uses rabbit brain thromboplas-
tin source with an ISI of 1.62. The aPTT reagent contains rabbit

brain phospholipids, calcium chloride, buffers, and aluminum mag-
nesium silicate as activator. The HMT uses celite as activator. 

Point-of-Care PT
The Coumatrak (distributed by Boehringer Mannheim, Indi-

anapolis, IN) is a small point-of-care coagulation device that uses
whole blood for performing PT tests [3]. With the Coumatrak,
whole blood is added to a single-use cartridge inserted into the
device. The blood travels via capillary action into the reagent cham-
ber and continues along a track. As the sample clots, the decrease in
blood flow is optically monitored by a laser, and the resultant time
displayed in seconds, with PT ratio (PT seconds/reference mean)
and INR. The thromboplastin source is rabbit brain with a fixed
reference mean (determined by the manufacturer) and an ISI of
2.04 encoded on each test cartridge. The usual sample type is
whole blood acquired by fingerstick, but manufacturer recommen-
dations and previous studies [4] have indicated that whole blood
from phlebotomy is acceptable.

Parent Clinical Laboratory Method
Processed citrated plasma samples were tested on the MLA

1000C coagulation analyzer (Medical Laboratory Automation,
Pleasantville, NY) using Dade (Miami, FL) reagents. For PT test-
ing, a recombinant thromboplastin (Innovin) was used with an

218 RC Gosselin et al.

TABLE 2. Correlation data of TAS methods vs. parent clinical laboratory and Medtronic ACT methods

TAS vs. Innovin (INR) TAS aPTT vs. Actin FS (INR) TAS HMT vs. Medtronic ACT

n 62 121 326
R2 0.953 0.53 0.68
Slope (95% CI) 1.12 (1.18 to 1.05) 1.19 (0.99 to 1.39) 2.13 (1.98 to 2.30)
Intercept (95% CI) –0.17 (–0.29 to –0.04) –9.36 seconds (–19.1 to –0.41) –230.4 seconds (–290.7 to –169.4)
Standard error 0.26 10.1 155.8
Mean bias ± SD –0.02 ± 0.33 0.50 ± 16.6 –183.4 ± 197.2
p value 0.56 <0.005 <0.005

Mean bias data was calculated by the TAS method minus the predicate device method. P values were determined using Student’s paired t-test.

TABLE 1. Operational features of the point-of-care devices analyzed

TAS Coumatrak Ciba-Corning 512 Hemotec

Detection method Paramagnetic iron oxide Optical detection of changes Optical detection of Optical detection of changes
particles in blood flow changes in blood flow in mechanical resistance 

Reagent activator
PT Rabbit brain thromboplastin Rabbit brain thromboplastin Soybean phosphatides Kaolin
aPTT Aluminum magnesium silicate — Bovine brain sulfatide —

activator
HMT Celite — — —

ISI 1.62 2.04 NA NA
Sample type Citrated whole blood or plasma Whole blood Whole blood Whole blood
Dimensions (L � W � H) 10.5 � 6 � 3.9 6.8 � 3.6 � 2.0 6.7 � 3.5 � 2.0 9.5 � 8.0 � 6.5

(inches)
Weight (kg) 1.9 0.52 0.55 3.4



MLA system–specific ISI of 0.93. Reference mean was determined
from 100 normal healthy donors before clinical use of Innovin.
INRs were calculated by the MLA instrument. For aPTT testing,
Actin FS was used, containing ellagic acid as activator, stabilizers,
and buffers.

Point-of-Care aPTT
The Ciba-Corning 512 (distributed by Boehringer Mannheim)

also uses a whole blood sample. The device’s principle of operation
is the same as the Coumatrak method, except the test cartridge
contains a soybean activator and phospholipids. 

ACT
Blood samples routinely drawn from patients undergoing 

cardiopulmonary bypass to monitor the degree of heparin anticoagu-
lation [5] were used to compare the ACT with the TAS HMT. Sam-
ples were drawn just before anesthesia induction (baseline), immedi-
ately after heparin dosing, during hypothermic cardiopulmonary
bypass, and immediately post-bypass after protamine reversal. All
patients received porcine heparin (Elkin-Sinns, Cherry Hill, NC) at
an initial dose of 300 U/kg; their dose was adjusted (if necessary) to

maintain ACTs of greater than 400 seconds while on bypass. All
patients were given 30 mg/kg protamine at the end of bypass. 

For ACT testing, whole blood was drawn and tested using the
Hemotec (Medtronic Hemotec, Englewood, CO) ACT. Its method
[5,6] uses a double-well reagent cartridge containing kaolin as acti-
vator. A whole blood sample is dispensed into a prewarmed (37°C)
reagent cartridge inserted into the ACT instrument. When the test-
ing cycle is initiated, plungers in the cartridge move up and down,
mixing the reagent and blood together. These plungers continue to
move until fibrin is formed. As fibrin strands adhere to the plunger,
the reduced movement of the plunger is detected optically and the
resultant time is displayed in seconds.

Heparin Levels
Heparin levels were determined on plasma from patients receiv-

ing heparin treatment and during cardiopulmonary bypass proce-
dures. All quantitative heparin levels were determined in duplicate
using a chromogenic method based on factor Xa inhibition (Stago
Asserachrom Heparin, Parsippany, NY) on the MLA 900C coagu-
lation analyzer. Cardiopulmonary bypass samples that had heparin
levels beyond the assay’s linear range (>0.6 U/mL) were diluted
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FIGURE 1. A. Regression analysis of the TAS INR to the clinical laboratory method using Innovin recombinant thromboplastin. 
B. Bland and Altman plots demonstrating the bias between the TAS INR and method mean. The data indicate an increasing nega-
tive bias with the TAS method with prolonged INRs of >4.5.

A B

TABLE 3. Correlation data between the TAS and other point-of-care devices

Coumatrak Ciba-Corning 512

n 45 59
R2 0.86 0.56
Slope (95% CI) 1.22 (0.96 to 1.48) 0.51 (0.39 to 0.63)
Intercept (95% CI) –5.2 seconds (–9.5 to –0.87) 19.0 seconds (12.2 to 25.9)
Standard error 2.5 8.5
Mean bias ± SD –1.6 ± 2.6 seconds –7.1 ± 12.4 seconds
p value 0.05 <0.005

Mean bias result is the average difference (in seconds) between the TAS methods less the respective point-of-care methods. p values were determined using
Student’s paired t-test.



with saline at two different dilutions and repeated, and the final
results were corrected for the required dilution.

Precision Studies
Within-run and day-to-day precision studies were performed on

the PT and aPTT TAS methods. Within-run analysis used a single-
donor whole blood sample. Day-to-day studies were performed
using reconstituted lyophilized plasma, prepared according to man-
ufacturer’s instructions, separated into aliquots, and quick-frozen at
–70°C until use. The frozen plasma was thawed in a 37°C water-
bath for 5 minutes and gently mixed before use.

Statistical Analysis
For all methods, correlation was established based on a regres-

sion analysis, slope, intercept (with 95% confidence intervals), and
standard error. Mean bias differences were also calculated. Differ-
ences between the mean values at a given time point for different

test methods were evaluated with the Student’s paired t-test. A p
value of <0.05 was established as significant.

RESULTS

Statistical correlations between the TAS methods and the refer-
ence PT, aPTT, and ACT are listed in Table 2. Given the frank dif-
ferences between Innovin and the TAS ISI values, the PTs were not
expected to match and did not (R2 = 0.63, data not shown). Only
the INRs were correlated (R2 = 0.953) for all samples. This correla-
tion did not change significantly when samples from patients on
oral anticoagulant therapy of ≥7 days were analyzed separately (R2 =
0.949). The regression analysis and bias plot graphs (Fig. 1) indicate
fairly even distribution, but there appears to be a negative bias
between the TAS and laboratory methods at INRs of greater than
4.5. Increasing bias for PTs and INRs outside the therapeutic inter-
val has been noted in other studies [7,8]. The TAS prothrombin
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FIGURE 2. A. Regression analysis of the TAS aPTT to the clinical laboratory method using the MLA 1000C and Actin FS reagent. 
B. A subpopulation of the previous figure indicating the bias between the TAS and the clinical laboratory for normal samples. 
C. Bland and Altman plots demonstrating the bias between the TAS aPTT method and the clinical laboratory method. The data
indicate a negative bias with increasing aPTTs. D. Bland and Altman plots demonstrating the bias between the TAS aPTT and the
clinical laboratory method when comparing ratios.



times correlated with the Coumatrak whole blood method (R 2 =
0.86) as well as with the INRs (R2 = 0.85) (Table 3). 

For aPTT testing, the correlation between the TAS and parent
laboratory method was not as strong (R2 = 0.53) as the INR corre-
lation. The regression graph (Fig. 2A) and bias plots indicate posi-
tive bias with normal samples (Fig. 2B) and negative bias with pro-
longed aPTTs (Fig. 2C). APTT ratios were determined using the
mean normal interval for each group (MLA, 28.7 ± 3.0 seconds
[mean ± SD]; TAS, 34.7 ± 8.6 seconds) as the respective denomina-
tor for each result, with negative bias for prolonged aPTTs but
smaller bias within the normal or slightly prolonged aPTTs (Fig.
2D). An additional component to the poor aPTT correlation can
be explained by each method’s differing response to heparin (Fig.
3). All aPTT methods correlated fairly poorly with anti-Xa levels
(Table 4). The therapeutic heparin range using a modified heparin
response curve [9,10] would be 60–132 seconds for the Actin FS,
60–107 seconds for the TAS, and 75–102 seconds for the Ciba-
Corning 512. The TAS method correlated poorly with the Ciba-
Corning whole blood method (R2 = 0.56), and the differences were
statistically significant (Table 3).

The HMT is an ACT-equivalent test intended for monitoring
high-dose heparin anticoagulation used in cardiopulmonary bypass
surgery. In this study, the HMT demonstrated statistically significant
differences from the Medtronic ACT. The correlation (R2 = 0.68),
slope, and intercept all indicate a negative bias of the HMT to the
ACT. This is further demonstrated by the bias plot figure (Fig. 4A).
There was also a poor correlation to heparin levels (as measured by
anti-Xa activity) with both methods, although the HMT showed a
stronger correlation than the ACT (Table 4). Poor correlation of the
ACT to heparin levels has been documented [6,11].

The within-run and day-to-day precision for PT and aPTT are
listed in Table 5. Precision studies were not performed on the other
point-of-care devices, but for comparison, manufacturer-provided
within-run and day-to-day precision data are listed for the Couma-
trak and Ciba-Corning 512. The clinical laboratory precision is based
on weekly (within-run) and monthly (day-to-day) data collection as
part of the routine quality control performed in our laboratory.

DISCUSSION

Point-of-care coagulation testing has been used primarily to mon-
itor the pharmacological effects of heparin and coumadin anticoagu-
lation. Point-of-care measurement of prothrombin times facilitates

rapid assessment of coumadin anticoagulation in outpatient settings
including anticoagulation clinics, home care, hospice programs, and
patient self-testing [3,11–15]. In addition to monitoring heparin
anticoagulation for thromboprophylaxis [16–19], point-of-care mon-
itoring of heparin anticoagulation has been used in continuous veno-
venous hemodialysis [20–22], extracorporeal membrane oxygenation
[23,24], and post-angioplasty sheath removal [25,26]. Measuring the
anticoagulation effect of heparin at therapeutic and prophylactic
doses can be achieved with the aPTT. Procedures that require higher
heparin dosing, such as interventional radiology, would require alter-
native methods (such as the ACT or HMT) because the aPTT is too
sensitive to the heparin dose used and will often surpass the maxi-
mum clot time allowed (therefore generating the result “no clot
detected”). Higher-dose heparin anticoagulation used in cardiac
catheterization and cardiopulmonary bypass has been monitored
using ACT or alternative monitoring devices such as thromboelasto-
graphy [5,26,27]. The poor correlation of ACT to heparin levels may
be due in part to other conditions known to affect coagulation,
including hypothermia, hemodilution, diminished antithrombin lev-
els noted during bypass, decreased fibrinogen level, and the effect of
concomitant drugs such as aprotinin. 
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TABLE 4. Correlation data for respective systems and heparin levels based on factor Xa inhibition

Actin FS TAS Ciba-Corning 512 Medtronic ACT HMT

n 25 25 25 326 326
R2 0.76 0.44 0.17 0.23 0.49
Slope (95% CI) 182.4 (138 to 227) 112.9 (58.1 to 167.8) 58.5 (33.2 to 83.9) 69.6 (57.2 to 82.1) 39.2 (35.2 to 43.2)
Intercept (95% CI) 7.6 seconds 29.0 seconds 63.0 seconds 355.3 236.8 

(–11.0 to 26.3) (5.9 to 52.1) (2.8 to 123.2) (309.2 to 401.5) (221.9 to 251.7)
Standard error 28.1 34.7 38.2 267.7 86.4
Mean bias ± SD –3.2 ± 22.7 –4.0 ± 13.5 8.3 ± 24.0 NA NA

Bias data were calculated from individual system results minus the average for all system results.

FIGURE 3. Modified heparin response curve for the laboratory
(MLA), TAS, and Ciba-Corning 512 methods, comparing
aPTT times with anti-Xa activity.



The TAS is capable of performing multiple coagulation assays
and, unlike most other point-of-care coagulation methods, which
use whole blood, it uses either citrated whole blood or plasma (we

used citrated whole blood in this study); the manufacturer has
since developed a whole blood HMT. The current recommenda-
tions for thromboplastin sensitivity for prothrombin time testing
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TABLE 5. Precision and accuracy studies for TAS PT and aPTT

TAS Coumatrak
a

Laboratory

Level I Level II Level I Level II Level I Level II

PT
Day-to-day precision

n 34 35 — — 45 45
Mean (seconds) 11.6 28.2 12.2 20.1 11.2 29.8
SD (seconds) 0.8 1.70 — — 0.2 0.8
CV (%) 6.9 6.0 3.5 2.2 1.8 2.7

Within-run reproducibility
Mean (seconds) — 25.1 12.3 20.0 13.8 —
SD (seconds) — 3.55 — — 0.1 —
CV (%) — 8.0 4.9 2.9 0.7 —

TAS Ciba-Corning
a

Laboratory

Level I Level II Level I Level II Level I Level II

aPTT
Day-to-day precision

n 30 30 — — 45 50
Mean (seconds) 30.0 46.5 56.2 116.8 29.7 50.0
SD (seconds) 0.6 1.3 — — 0.5 0.7
CV (%) 2.0 2.7 5.8 3.8 1.7 1.4

Within-run reproducibility
Mean (seconds) — 43.5 55.7 116.1 — 38.2
SD (seconds) — 1.54 — — — 0.35
CV (%) — 6.1 4.7 4.5 — 0.9

aThe data listed for Coumatrak and Ciba-Corning 512 are derived from product inserts. Day-to-day precision data are from analysis of control (citrate plas-
ma) material.Within-run accuracy data are from a single abnormal citrated whole blood sample tested within 30 minutes of phlebotomy.

A B

FIGURE 4. A. Bland and Altman plots for the TAS HMT method compared with the Medtronic ACT. B. Scatterplot for the HMT and
ACT results with corresponding heparin levels determined by anti-Xa activity. These data include only samples tested after heparin
bolusing and during cardiopulmonary bypass. Preheparinization and protamine reversal after bypass were not included in this analysis.



is an ISI of 1.0–1.2. The TAS sensitivity in our study was higher
than that (ISI 1.62) but lower than that of the Coumatrak (ISI
2.04). Since the time of this study, newer TAS methods have been
developed with lower ISI values (around 1.0) for both non-anti-
coagulated whole blood and citrated anticoagulated whole blood
or plasma. 

The TAS device is larger than most point-of-care coagulation
devices but has additional features not found with other instru-
ments. It has data storage capacity of approximately 2000 tests, and
the data can be downloaded from an external port to a host com-
puter or printer. The TAS unit is also equipped with a key pad to
facilitate alphanumeric data entry, such as patient name and med-
ical record number. The device can be programmed to require pass-
word access to operate the unit, preventing unauthorized use of the
device by untrained personnel. 

Biases are to be expected between whole blood point-of-care
systems and parent clinical laboratory methods [28]. Because the
TAS system uses a citrated sample, further evaluation of system
biases can be facilitated (the same sample used for TAS testing can
be further tested for heparin levels [anti-Xa activity] or factor
activity to correlate test [PT or aPTT] sensitivity to factor defi-
ciencies). This is not readily accomplished using whole blood sam-
ples. Unlike most other point-of-care methods, the TAS allows
each site to change the reference mean for PT, which may more
accurately calculate the INR. 

Currently, the TAS method is approved for performing PTs,
aPTTs, and HMT. Additional assays not approved for clinical use
are available, including Ecarin clot time for measuring the effects of
direct antithrombin drugs [29] and cartridges for measuring the
effects of thrombolytic therapy, calculating lysis onset time [29,30],
and detecting streptokinase antibodies. 

CONCLUSIONS

In our study, the TAS system demonstrated excellent correlation
with laboratory INRs in the therapeutic range. With the variations
in reagent sensitivity, as expressed by the ISI, prothrombin times
were statistically different between the TAS and the other PT meth-
ods, but the INR bias between the TAS and the laboratory and
Coumatrak methods were not statistically significant, except for a
statistically significant bias between the TAS aPTT and the labora-
tory method. The normal reference range for the TAS aPTT was
markedly different from that of the laboratory method, but using
aPTT ratios did not improve the correlation between the two sys-
tems. Part of the bias was due to heparin sensitivity, and the TAS
methods correlated more strongly with heparin levels than the
Ciba-Corning 512, but both methods correlated poorly. The HMT
was statistically different from the ACT, but correlated more
strongly with heparin levels. As a result of the bias, use of the HMT
in cardiopulmonary bypass may require different monitoring tar-
gets than the recommended >400 seconds with the ACT. 
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