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The prothrombin time (PT)3 and partial throm-
boplastin time (PTT) are useful assays for evalua-
tion of coagulation factor levels and for monitoring
anticoagulant therapy with warfarin and heparin,
but they are of less value for predicting risk of throm-
bosis or bleeding in patients with acquired hemo-
static defects. As new anticoagulant drugs become
available and pathophysiologic mechanisms of ab-
normal hemostasis are unveiled, it is clear that new
laboratory tests are needed to support drug moni-
toring, establish diagnosis, and develop therapeutic
strategies. Over the past several years, a number of
existing tests have been improved to offer additional
information not available fromPT/PTT, which include
thromboelastography to evaluate fibrinolysis and
target antifibrinolysis, thrombin generation assays
(TGAs) for predicting bleeding and thrombotic risk,
and anti-Xa and direct thrombin inhibitor assays to
monitor direct oral anticoagulants.
First-generation TGAs were performed in whole

blood and plasma, but these were cumbersome
and slow to perform and never transitioned to clin-
ical practice (1, 2). Improvements in the fluorogenic
substrates, sample processing, and reagent auto-
mation have made this test more robust and eas-
ier to measure. The most attractive feature of TGA
is its sensitivity to both procoagulant and anticoag-
ulant factors important in the 3 phases of hemo-
stasis: initiation (start of the reaction by tissue

factor and anionic phospholipids), propagation
(rise in thrombin generation and fibrin forma-
tion), and termination (anticoagulant mecha-
nisms that shut down thrombin generation). The
critical parameters measured during a thrombin
generation assay include the time to the start of
thrombin generation (lag-time, initiation phase),
maximum thrombin generation (time to peak
and peak thrombin generation, propagation
phase), total thrombin generated (the area un-
der the curve defined as endogenous thrombin
potential), and the time until thrombin genera-
tion stops (termination time).
Altered TGA results have been described in sev-

eral clinical situations, including cirrhosis, trauma,
cardiopulmonary bypass surgery, stroke, sepsis,
and the use of oral anticoagulants (3–8). There is
some evidence suggesting that TGA is a better in-
dicator of overall hemostatic capability and could
provide information for transfusion support in pa-
tients with cirrhosis and coagulation factor re-
placement in patients with hemophilia with and
without inhibitors (9–11).
With such a variety of clinical situations in which

TGA might be of value, why has TGA not transi-
tioned to the clinical coagulation laboratory and
remained as only a research assay? The first part of
the answer is related to pre-analytical variables
that can modify and interfere with TGA's results.

1Laboratory Medicine, Transfusion Medicine Division, University of Washington, Seattle, WA; 2Department of Laboratories, Seattle Children's
Hospital, University of Washington, Seattle, WA.
*Address correspondence to this author at: Department of Laboratories, Seattle Children's Hospital, 4800 Sandpoint Way, NE, Seattle, WA
98105. Fax 206-987-3840; e-mail Wayne.Chandler@seattlechildrens.org
DOI: 10.1373/jalm.2017.024083
© 2017 American Association for Clinical Chemistry
3Nonstandard abbreviations: PT, prothrombin time; PPT, partial thromboplastin time; TGA, thrombin generation assay.

EDITORIAL

September 2017 | 02:02 | 135–137 | JALM 135

..............................................................................................................

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/2/2/135/5587610 by guest on 22 M
ay 2023



Some of these limitations include lack of standard-
ization between laboratories regarding the con-
centration of phospholipids and tissue factor,
sample handling (i.e., blood collection, plasma sep-
aration, and storage, during which contact factor
activation may occur), sample type (e.g., plasma,
platelet-rich plasma, or whole blood), presence of
residual platelets when plasma is used, tempera-
ture sensitivity and addition of factors such as
thrombomodulin or activated protein C to activate
other parts of the hemostatic regulatory system.
Quality control and external quality assurance
methodologies will also need to be developed that
cover the different sample types and TGAmethod-
ologies proposed. This may be challenging for
whole blood and platelet-rich plasma methods. A
start has beenmade on external quality assurance
through ECAT, which provides plasma-based pro-
ficiency testing for TGA.
In this issue of The Journal of Applied Laboratory

Medicine, Bloemen et al. (12) describe develop-
ment of reference intervals for TGA inwhole blood,
platelet-rich plasma, and platelet-poor plasma. As
evidence of the lack of standardization for this as-
say, the authors report 9 different reference inter-
vals that would need further separation based on
sex and oral contraceptive use. This was a study of
adults only, so it is highly likely that children would
need still more age-based reference intervals, as
they are known to show variations in the level of
vitamin K-dependent and other hemostatic fac-
tors. While the authors found correlations be-
tween whole blood and plasma TGA results, the
intervals were different for each type of sample
and each condition. Considering these limitations,
it would be expected that each laboratory would
need to develop its own reference interval based
on the assay conditions selected.
Which set of assay conditions should be used

may depend on the clinical situation being studied.
For example, it was recently reported that predict-
ing risk of bleeding in patients with factor XI defi-
ciency required that a TGA be performed with

platelet-rich plasma and corn trypsin inhibitor (12).
This set of conditions proved superior to either
PTT-based factor-XI-activity assays, notorious for
not predicting bleeding in these patients, or stan-
dard plasma-based TGAs. Randomized control tri-
als will be needed in each clinical situation to
determine the best set of test conditions before
incorporating TGA into clinical practice. Possible
clinical trial designs include the comparison of
blood components or factor concentrate utiliza-
tion when using TGA (taking into account the
abovementioned different conditions) vs standard
of care to monitor coagulopathy and to provide
transfusion or factor concentrate support in pa-
tients with hemostatic challenges.
Another problem that limits the clinical use of

TGA is the lack of automation and the duration
of the assay. Currently, while one popular version of
the assay is termed “calibrated automated thrombi-
nography,” in reality, the assay is actually a highly
manual microtiter plate method with only reagent
addition automated. This assay requires several
hours to set up, run, and then analyze, and while a
major improvement over earlier methods and appli-
cable to batch sample research studies, it is not suit-
able for rapid testing in a clinical environment for
critically ill patients. What is needed is a fully auto-
mated, rapid, on-demand assay that can be run like
other clinical coagulation assays. Luckily there is
hope on the horizon: instrument manufacturers are
developing fully automated TGAs on coagulation in-
struments, and there areprototypes for rapid assays
designed for evaluation of actively bleeding patients
(13). TGA has the potential to provide a thorough
understandingof thedynamic hemostatic status of a
bleeding patient. It is possible to speculate that fre-
quent TGAs performed during the resuscitation pro-
cess could be helpful for guiding and monitoring
transfusion and pharmacological support. While we
are getting closer to clinical use of TGA, standardiza-
tion of assay parameters, evidence-based clinical tri-
als, and fully automated assays are still needed to
complete the transition.
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