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ABSTRACT

Objectives: The activated partial thromboplastin time (aPTT) 
test has been used for years to monitor parenteral direct 
thrombin inhibitors (DTIs) and unfractionated heparin. 
Because the aPTT correlates poorly with unfractionated 
heparin levels, we hypothesized that the aPTT may not be the 
best test for monitoring parenteral DTIs.

Methods: Using 235 excess plasma specimens from 82 
adult patients receiving treatment with DTIs (argatroban, 
bivalirudin, or dabigatran), we compared the aPTT with the 
ecarin chromogenic assay (ECA), the dilute thrombin time 
(dTT) test, and the prothrombinase-induced clotting time 
(PiCT) test.

Results: The aPTT correlated poorly with each of the other 
tests in both bivalirudin- and argatroban-containing samples 
(r2 = 0.04-0.23). The ECA and dTT exhibited the best 
correlations (r2 = 0.66-0.93). Intermediate correlations were 
seen when the results of the PiCT were plotted against the 
dTT or ECA (r2 = 0.46-0.58). Nineteen specimens obtained 
from six patients receiving dabigatran showed a good 
correlation between the dTT and the ECA (r2 = 0.92).

Conclusions: The aPTT does not correlate well with 
other tests that might be used to monitor parental DTI 
administration. Further studies are needed to evaluate the 
clinical usefulness of alternative tests and their correlation 
with clinical outcomes.

Although the classic anticoagulants, warfarin and unfrac-
tionated heparin, continue to be widely used, an increasing 
number of alternative agents have become available for 
clinical use. In addition to low-molecular-weight heparins and 
similar synthetic polysaccharides that depend on antithrombin 
for their activity, newer anticoagulants are antithrombin inde-
pendent and function either to prevent thrombin generation 
(the anti–factor Xa inhibitors) or inhibit the proteolytic activ-
ity of thrombin (the direct thrombin inhibitors [DTIs]). The 
newer agents have been developed with the expressed aim of 
avoiding the requirement for laboratory monitoring that has 
proven onerous for patients and clinicians. As a result, clini-
cians and laboratorians do not have a reservoir of data to call 
upon when asked to assess the plasma content of these drugs; 
such an assessment may be required in obese patients, those 

Upon completion of this activity you will be able to:
•	describe	the	need	for	laboratories	to	develop	methods	for	
accurately	assessing	the	pharmacodynamic	effects	of	new	target-
specific	anticoagulant	therapies	in	hospitalized	patients.

•	 discuss	potential	limitations	of	the	activated	partial	thromboplastin	
time	(aPTT)	for	monitoring	the	anticoagulant	effects	of	direct	
thrombin	inhibitors	(DTIs).

•	 compare	and	contrast	the	aPTT	with	alternative	tests	for	monitoring	
DTIs	in	hospitalized	patients.	

The	ASCP	is	accredited	by	the	Accreditation	Council	for	Continuing	
Medical	Education	to	provide	continuing	medical	education	for	physicians.	
The	ASCP	designates	this	journal-based	CME	activity	for	a	maximum	of	
1 AMA PRA Category 1 Credit ™	per	article.	Physicians	should	claim	only	
the	credit	commensurate	with	the	extent	of	their	participation	in	the	activ-
ity.	This	activity	qualifies	as	an	American	Board	of	Pathology	Maintenance	
of	Certification	Part	II	Self-Assessment	Module.

The	authors	of	this	article	and	the	planning	committee	members	and	staff	
have	no	relevant	financial	relationships	with	commercial	interests	to	disclose.

Questions	appear	on	p	754.	Exam	is	located	at	www.ascp.org/ajcpcme.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/141/5/665/1761002 by guest on 24 April 2024



666     Am J Clin Pathol  2014;141:665-674
666     DOI: 10.1309/AJCPGTCEX7K4GXQO    

© American Society for Clinical Pathology

Lind et al / Laboratory Monitoring of Direct Thrombin Inhibitors

with renal or hepatic dysfunction, potential overdoses, those 
with suspected lack of compliance, and/or those who required 
sudden medical interventions. 

The classic clotting tests used to monitor warfarin and 
unfractionated heparin (the activated partial thromboplastin 
time [aPTT] and the prothrombin time, have been deemed 
to be insufficient for drug monitoring of some of the newer 
anticoagulants.1 Several groups have found that the anti-Xa 
assay functions well to monitor the anti-Xa inhibitor, rivar-
oxaban,2,3 and may prove to be adequate for the additional 
anti-Xa drugs that are entering the market. Although the aPTT 
is accepted by some as a screening test for dabigatran in the 
plasma, others have found that it may not detect clinically 
significant levels,4 and it is not recommended for active drug 
monitoring.5 Because dosing of parenteral DTIs is typically 
monitored by the aPTT, we were interested in learning how 
well the aPTT correlated with other tests that might be used to 
adjust DTI dosing in hospitalized patients. We therefore com-
pared aPTT testing with three alternative tests in hospitalized 
patients receiving DTIs, with an emphasis on patients receiv-
ing the parenteral DTIs bivalirudin and argatroban, which are 
monitored with the aPTT.

Materials and Methods

Plasma Samples 

Normal pooled plasma (Cryocheck, Precision BioLogic, 
Nova Scotia, Canada) was used to establish dose-response 
curves for each of the three anticoagulants tested. Patient 
(adult only) specimens were collected from July 1, 2011, to 
December 31, 2012. Excess citrated (3.2%) plasma sent to the 
coagulation laboratory at the University of Colorado Hospital 
(Aurora, CO) for clinically indicated aPTT monitoring of 
patients receiving DTIs was frozen at –70°C until testing, fol-
lowing a protocol approved by the institutional review board. 
The specimens were thawed in a 37°C water bath immedi-
ately before testing. No testing was performed on refrozen 
specimens. The results of the tests were not made available to 
the providers caring for the patients, and no dose adjustments 
were made based on the results described here.

Calibrators and Control Plasmas
Argatroban and bivalirudin calibrators and control plas-

mas were obtained from Diagnostica Stago (Parsippany, NJ). 
Dabigatran calibrators and control plasmas were obtained 
from Aniara (West Chester, OH). 

Instrumentation
All assays were performed on the STA-R Evolution 

Expert Series analyzer, a large-volume, automated, mechani-
cal end point coagulometer (Diagnostica Stago). 

aPTT Testing
Stago STA-PTT-A reagent was used following all manu-

facturer’s instructions. This reagent uses silica as an activator 
and rabbit brain cephalin, with a final calcium ion (Ca++) con-
centration of 8.3 mmol/L. The normal range in our laboratory 
is 25.4 to 33.5 seconds.

Ecarin Chromogenic Assay (ECA)
The ECA assay6 uses a snake venom enzyme called 

ecarin to generate meizothrombin from prothrombin, which is 
added in large excess to the patient plasma. The meizothrom-
bin generated then cleaves a chromogenic substrate that is 
measured spectrophotometrically. The assay was performed 
according to the manufacturer’s (Diagnostica Stago) instruc-
tions. At the beginning of each run, six concentrations of the 
relevant drug (Diagnostica Stago) were run with a control nor-
mal plasma to establish a standard curve. The instrument then 
calculated the concentration of drug present in each patient 
sample using the standard curve. 

Dilute Thrombin Time (dTT)
Specimens were diluted 1:4 with commercially obtained 

pooled normal plasma (Cryocheck) by the coagulometer and 
incubated at 37°C for 4 minutes. Diluted plasma (100 μL) 
was then mixed with 100 μL of the thrombin reagent (STA-
Thrombin, Diagnostica Stago), and the time required for clot 
formation measured. The thrombin reagent (approximately 
1.5 U/mL) contained calcium (concentration not stated). This 
assay has also been referred to in the literature as the “plasma-
diluted thrombin time.”7-10 

Prothrombinase-Induced Clotting Time (PiCT)
The PiCT assay (Pefakit) was obtained from Pentapharm, 

Basel, Switzerland, and the assay materials were obtained 
from Centerchem (Norwalk, CT). The PiCT is the time 
required for plasma coagulation to occur when induced by 
the prothrombinase complex, consisting of factors Xa and 
Va assembled on an appropriate phospholipid surface in the 
presence of calcium.11 Sample plasma was added to a reagent 
containing exogenous factor Xa, phospholipids, and the factor 
V–activating protein, which was purified from the venom of 
the Russell viper, Daboia russelli (RVV-V). A plasma sample 
of 90 μL was added to 70 μL of a solution containing factor 
Xa, phospholipids, and RVV-V and incubated at 37°C for 3 
minutes, after which 40 μL of a 25-mmol/L calcium chloride 
solution was added (final added Ca++ = 3.45 mmol/L) and the 
time required for clot formation recorded.12 

Statistical Analysis
GraphPad Prism 6 (GraphPad Software Inc, San Diego, 

CA) was used to graph the data and perform linear regres-
sion analysis.
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Results

Dose-response curves for each of the three drugs tested 
were determined by adding varying amounts of the drugs to 
pooled normal human plasma using four different assays, as 
shown in ❚Figure 1❚, ❚Figure 2❚, and ❚Figure 3❚. For argatroban, 
the ECA and dTT were linear within the range of concentra-
tions found in our plasma samples (0-2.2 mg/mL, Figure 1), 
and the aPTT and PiCT were curvilinear above 2 mg/mL. The 
bivalirudin dose-response curves showed linearity within the 
range of concentrations found in our patient samples (≤1.8 
mg/mL, Figure 2). The dabigatran dose-response curves were 
linear within the range of our plasma samples (<150 ng/mL, 
Figure 3). Others have found higher levels of dabigatran when 
studying larger populations, and both the aPTT and PiCT 
tended toward curvilinearity as the upper end of this range.13 

A total of 235 plasma samples from 82 patients treated 
with argatroban, bivalirudin, or dabigatran were evaluated in 
this study. The aPTT, ECA, dTT, and PiCT tests were per-
formed on each plasma sample. 

Seventy-six samples drawn from 25 patients receiv-
ing intravenous argatroban were tested, as shown in ❚Figure 
4A❚. The results of the aPTT correlated poorly with each of 
the other tests (r2 = 0.23). The best correlation was obtained 
by plotting the results of the ECA with the diluted plasma 
thrombin time (dTT, r2= 0.93). Intermediate correlations (r2 = 
0.46-0.58) were seen when the results of the PiCT were plot-
ted against the results of the dTT or ECA.

A total of 140 specimens drawn from 51 patients treated 
with intravenous bivalirudin were analyzed ❚Figure 4B❚. The 
results of the aPTT did not correlate well with results from 
any of the other tests. The best correlation (r2 = 0.66) was 
obtained when the results of the dTT and ECA assays were 
plotted against each other. 

Nineteen specimens obtained from six patients receiv-
ing dabigatran (an oral DTI) were available for study. As 
shown in ❚Figure 4C❚, the results of the dTT and the ECA 
correlated with each other better than any other pairing of 
test results (r2 = 0.92).
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❚Figure 1❚ Dose-response relationship between the direct thrombin inhibitors tested and monitoring tests used. Shown is the 
dose-response relationship between argatroban added to normal pooled plasma and the ecarin chromogenic assay (ECA) (A), 
activated partial thromboplastin time (aPTT) (B), dilute thrombin time (dTT) (C), and prothrombinase-induced clotting time (PiCT) 
(D). For the dTT, values higher than 200 seconds are graphed as “200.” For the PiCT, values higher than 300 seconds are 
graphed as “300.” 
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Discussion

Although the marketing of new anticoagulants often 
emphasizes that routine monitoring is not required, evolv-
ing clinical experience shows that monitoring may be 
helpful under particular circumstances. When patients 
taking such drugs experience trauma, require emergent 
interventions, or experience hemorrhage or thrombosis, 
laboratories may be asked to assess the degree of plasma 
anticoagulation. Drug monitoring may also be required 
when treating very obese patients, those with renal fail-
ure, or those using other drugs that affect the kinetics of 
anticoagulants.14 One of the classic coagulation tests, the 
aPTT, which has long been used to monitor unfractionated 
heparin, was adopted to monitor parenteral DTIs. It has 
been recognized for some time that differences in the dose-
response relationships are observed when different aPTT 
reagents are used to assess heparin-containing plasma 
samples.15 Laboratories attempt to correct for this effect 

by calibrating their aPTT reagents with an anti-Xa assay.16 
Many laboratories have found, however, that the correla-
tion between the aPTT and anti-Xa level is poor. A recent 
study has shown that differences in the concentrations of 
several coagulation proteins (especially factor VIII) in 
patient plasma samples may explain this variability.17 

A number of hospitals, including our own, use the 
aPTT to monitor DTIs administered by continuous infu-
sion. Given the questions raised about the use of the 
aPTT to monitor unfractionated heparin, there is reason to 
question whether a different method of monitoring paren-
teral DTIs should be used. Ideally, one would like to make 
recommendations about test utilization based on clinical 
outcomes data, but such data cannot be gathered without 
large randomized clinical trials. We therefore decided to 
examine the suitability of the aPTT for monitoring DTIs 
by comparing it with the results of several alternative tests. 
Although none of the tests are approved by the Food and 
Drug Administration for this purpose, the drugs themselves 
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❚Figure 2❚ Dose-response relationship between bivalirudin added to normal pooled plasma and the ecarin chromogenic assay 
(ECA) (A), activated partial thromboplastin time (aPTT) (B), dilute thrombin time (dTT) (C), and prothrombinase-induced clotting 
time (PiCT) (D). For the PiCT, values higher than 300 seconds are graphed as “300.” 
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of cleavage of a thrombin-sensitive synthetic substrate. 
Assays based on the cleavage of synthetic chromogenic 
substrates are increasingly used in coagulation laboratories, 
particularly for the measurement of anti-Xa, antiplasmin, 
and antithrombin activities; however, decades of familiar-
ity with classic coagulation assays has slowed the adoption 
of other chromogenic assays in many hospitals. Because 
clot formation, the end point of coagulation assays, can be 
influenced by many factors, including the concentration 
of fibrinogen, fibrinogen (or fibrin) degradation products, 
abnormal concentrations of physiologic plasma constitu-
ents, or the presence of drugs, chromogenic assays that 
are not affected by lupus anticoagulants are theoretically 
superior to clot-based assays. We are not aware of any 
data, including those presented here, which show that they 
are in fact clinically superior. Liquid chromatography/mass 
spectrometry may also be used to measure each drug but 
requires equipment that may not be readily available in 
most laboratories.13,18 

are currently available and widely used, and laboratories are 
asked to assist with patient management on a routine basis. 

Theoretically, a number of tests may be used to 
measure the DTI content of plasma. One class of such 
tests would depend on the generation of thrombin in the 
patient’s plasma. This might be undertaken by activating 
the coagulation pathway at the level of factor X (using 
RVV), by cleaving the patient’s prothrombin (factor II) 
through the generation (or addition) of the prothrombinase 
complex (which is composed of factors Xa, Va, and appro-
priate phospholipids) or by using an exogenous protein 
(such as a snake venom) to proteolyze prothrombin. Ecarin, 
a protein found in the venom of the Asian saw-scaled viper 
Echis carinatus, has been used most commonly for this 
purpose. Another type of testing could quantitate thrombin 
inhibition by adding exogenous thrombin to the patient’s 
plasma. Two different end points could be used with any of 
these assays—either determination of the plasma clotting 
time or a colorimetric measurement based on the degree 
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❚Figure 3❚ Dose-response relationship between dabigatran added to normal pooled plasma and the ecarin chromogenic assay 
(ECA) (A), activated partial thromboplastin time (aPTT) (B), dilute thrombin time (dTT) (C), and prothrombinase-induced clotting 
time (PiCT) (D).
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Efforts are under way at a number of sites to determine 
which assays are best suited to monitoring the presence of 
DTIs. Some have used normal plasma with defined amounts 
of exogenously added DTIs,19 whereas others have added 
DTIs to plasma samples drawn from patients with con-
genital clotting factor deficiencies,20 acquired coagulopa-
thies such as liver disease, or ingestion of oral vitamin K 
antagonists.21 Others have used plasma samples drawn from 
patients receiving a single DTI (lepirudin).22 Unlike the 
other studies, the current study used plasma samples drawn 

from patients receiving several different drugs at a single 
institution and is representative of daily laboratory practice. 

We collected excess plasma samples from patients 
receiving three DTIs (argatroban, dabigatran, and bivalirudin) 
and performed four tests on each sample. Three tests were 
clot-based coagulation tests, and one used a chromogenic 
substrate (the ECA). One of the clot-based tests, the PiCT, 
is not widely used but has been shown to be a reasonable 
method for monitoring unfractionated and low-molecular-
weight heparins in patients.23 It uses exogenous factor Xa 
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❚Figure 4❚ Correlations among monitoring tests performed on patients given direct thrombin inhibitors for therapeutic purposes. 
A, Correlations (linear regression) of monitoring tests performed on 76 samples drawn from 25 patients treated with argatroban. 
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those of others who found that the PiCT and aPTT are not lin-
early related when tested with plasma samples from patients 
receiving lepirudin.24 

We found that the results of a modified thrombin time 
(called dTT herein) correlated well with the results of the 
ECA. One of the shortcomings of the study is that we were not 
able to measure drug levels directly and thus cannot determine 
which assay correlates best with clinical outcome. Another is 
that we only tested one aPTT reagent. A third is that the sam-
ples were deidentified, which prevented us from determining 

and a factor V–activating protein to generate the prothrombi-
nase complex and is not influenced by the plasma content of 
coagulation proteins other than factor V, factor II, and fibrino-
gen (although it is affected by lupus anticoagulants).22 We 
hypothesized that it might provide a better estimate of plasma 
DTI content than the aPTT, which may be influenced by 
the concentration of a number of additional plasma proteins 
(notably those in the intrinsic and contact pathways). Indeed, 
the PiCT correlated to a higher degree with both the dTT and 
the chromogenic ECA than did the aPTT. Our results confirm 
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❚Figure 4❚ (cont) B, Correlations (linear regression) of monitoring tests performed on 140 samples drawn from 51 patients 
treated with bivalirudin. 
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indicate adequate anticoagulation, and errors in dosing may 
have significant, currently unappreciated consequences for 
patients being treated with these anticoagulants. A recent 
report showed that elevated factor VIII levels can affect aPTT 
monitoring of argatroban administration.26 

Modifications of the thrombin time have been proposed 
for anticoagulation monitoring for many years but have not 
been widely adopted. One of the first (which used a fibrino-
gen solution to dilute the patient’s plasma) was called the 
“quantitative thrombin time.”27 Other assays, using a similar 
principle, involve diluting the sample with normal plasma 

if any of the patients had characteristics (such as liver disease, 
vitamin K deficiency, or baseline elevated aPTTs/lupus anti-
coagulants) that might have predicted poor performance of the 
aPTT as a drug-monitoring tool. With these caveats in mind, 
our results are consistent with our conclusion that any of the 
tests used herein are superior to the aPTT for monitoring 
parenteral DTIs. Because of the limited number of samples 
obtained from patients taking dabigatran, we consider the data 
obtained from these samples to be supportive of the findings13 
and recommendations25 of others rather than definitive. As 
shown in Figure 4, a prolonged aPTT does not necessarily 

❚Figure 4❚ (cont) C, Correlations (linear regression) of monitoring tests performed on 19 samples drawn from six patients 
treated with dabigatran. aPPT, activated partial thromboplastin time; dTT, dilute thrombin time; ECA, echarin chromogenic 
assay; PiCT, prothrombinase-induced clotting time.
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 6. Lange U, Nowak G, Bucha E. Ecarin chromogenic assay: 
a new method for quantitative determination of direct 
thrombin inhibitors like hirudin. Pathophysiol Haemost 
Thromb. 2003;33:184-191.

 7. Love JE, Ferrell C, Chandler WL. Monitoring direct 
thrombin inhibitors with a plasma diluted thrombin time. 
Thromb Haemost. 2007;98:234-242.

 8. Tripodi A. The laboratory and the direct oral anticoagulants. 
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thrombin time to measure dabigatran concentrations during 
dabigatran etexilate therapy. Am J Clin Pathol. 2012;137:572-
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 10. Wanat MA, Hart SR, Putney D, et al. Alternative 
monitoring of argatroban using plasma-diluted thrombin 
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new functional diagnostic test kits in the field of haemostasis. 
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 12. Graff J, Picard-Willems B, Harder S. Monitoring effects of 
direct FXa-inhibitors with a new one-step prothrombinase-
induced clotting time (PiCT) assay: comparative in vitro 
investigation with heparin, enoxaparin, fondaparinux and 
DX 9065a. Int J Clin Pharmacol Ther. 2007;45:237-243.

 13. Douxfils J, Dogne JM, Mullier F, et al. Comparison of 
calibrated dilute thrombin time and aPTT tests with LC-MS/
MS for the therapeutic monitoring of patients treated with 
dabigatran etexilate. Thromb Haemost. 2013;110:543-549.

 14. Baglin T. The role of the laboratory in treatment with 
new oral anticoagulants. J Thromb Haemost. 2013;11(suppl 
1):122-128.

 15. Kitchen S, Jennings I, Woods TA, et al. Wide variability in 
the sensitivity of APTT reagents for monitoring of heparin 
dosage. J Clin Pathol. 1996;49:10-14.

 16. Brill-Edwards P, Ginsberg JS, Johnston M, et al. Establishing 
a therapeutic range for heparin therapy. Ann Intern Med. 
1993;119:104-109.

 17. Takemoto CM, Streiff MB, Shermock KM, et al. Activated 
partial thromboplastin time and anti-Xa measurements in 
heparin monitoring: biochemical basis for discordance. Am J 
Clin Pathol. 2013;139:450-456.

 18. Rhea JM, Snyder ML, Winkler AM, et al. Development 
of a fast and simple liquid chromatography–tandem mass 
spectrometry method for the quantitation of argatroban 
in patient plasma samples. J Chromatogr B Analyt Technol 
Biomed Life Sci. 2012;893-894:168-172.

 19. Curvers J, van de Kerkhof D, Stroobants AK, et al. Measuring 
direct thrombin inhibitors with routine and dedicated 
coagulation assays: which assay is helpful? Am J Clin Pathol. 
2012;138:551-558.

 20. Siegmund R, Boer K, Poeschel K, et al. Comparison of the 
ecarin chromogenic assay and different aPTT assays for the 
measurement of argatroban concentrations in plasma from 
healthy individuals and from coagulation factor deficient 
patients. Thromb Res. 2008;123:159-165.

 21. Siegmund R, Boer K, Poeschel K, et al. Influence of direct 
thrombin inhibitor argatroban on coagulation assays in 
healthy individuals, patients under oral anticoagulation 
therapy and patients with liver dysfunction. Blood Coagul 
Fibrinolysis. 2008;19:288-293.

 22. Salmela B, Joutsi-Korhonen L, Saarela E, et al. Comparison 
of monitoring methods for lepirudin: impact of warfarin and 
lupus anticoagulant. Thromb Res. 2010;125:538-544.

and have carried various names, including plasma-diluted 
thrombin time7,10 or diluted thrombin time.19 It is important 
to note that all thrombin time–based tests are not identical 
and may involve different dilutions of the patient plasma or 
different thrombin preparations. Calcium concentrations, well 
known to affect fibrin clot formation,28 may differ among 
tests as well. As has been pointed out by others, thrombin 
time reagents from different sources are not uniform and may 
have different characteristics when tested in vitro.29 Adopters 
of the diluted plasma thrombin time should not assume that 
all thrombin time reagents (which can be of animal or human 
origin) have an identical content of thrombin isoforms and 
will perform identically. Conceivably, thrombin time deter-
minations could be affected by the concomitant administra-
tion of plasma expanders or presence of antibodies to bovine 
thrombin, which can develop the use of topical thrombin in 
surgical procedures.

The data presented herein provide evidence that the aPTT 
is a poor measure of anticoagulation with parenteral DTI 
administration. Institutions that use these drugs for patient 
management should consider using alternative laboratory 
methods. Guidelines for therapeutic levels of argatroban and 
bivalirudin should ideally be determined by clinical outcomes 
data or a suitable surrogate. 

Coagulation reagents were provided by Diagnostica Stago, 
Parsippany, NJ.  
 
  Address reprint requests to Dr Lind: University of Colorado 
Hospital, Box A022, 1665 Aurora Ct, Aurora, CO 80111; stuart.
lind@ucdenver.edu.
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