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Welcome to a second themed issue of Seminars inThrombosis
and Hemostasis dedicated to laboratory diagnostics. In this
issue, we will present several state-of-the art reviews
highlighting hemostasis/thrombosis testing aspects relevant
to a spectrum of bleeding and thrombotic disorders and
treatments. The issue begins with a contribution by Adcock
et al summarizing the performance of mixing studies to
further evaluate the etiology of prolonged clotting times
and differentiate factor deficiencies from factor inhibitors,
inhibitor anticoagulants, and lupus anticoagulants.1 Due to
technical and interpretive non-standardization, combined
with patient variables, there is no single approach to mixing
studies that will correctly classify all cases as a deficiency or
an inhibitor. Because mixing study results are often used as
an early test to help determine what additional specialized
testing is needed, it is vitally important to understand the
pre-analytical, analytical, and post-analytical variables that
affect the testing, including when the result patterns may be
misleading. This review is an excellent summary of the
variables that must be considered with each situation.

The second manuscript, by Saadalla and colleagues, pro-
vides an informative review of traditional and partially
automated von Willebrand factor multimeric analysis, and
the role of multimers in discriminating different subtypes of
vonWillebrand disease (VWD).2 The review includes discus-
sion of VWD subtypes, underlying pathophysiology, and
abnormalities of triplet or quintuplet structure that can be
seen on multimer gels. The third contribution, authored by
Keiji Nogami, describes clot waveform analysis (CWA), an
information analysis method that is available on certain
coagulation laboratory instruments.3 The method decon-
structs the coagulation pathway of the prothrombin time
or activated partial thromboplastin time into phases such as
the pre-coagulation phase, coagulation phase, and post-
coagulation phase. Potential applications of CWAmentioned
in the review include predicting the phenotype of inherited
or acquired coagulation factor abnormalities. CWA is a global
coagulation assay that may provide useful information in

several challenging hemostasis settings, although standardi-
zation of testing and additional study is necessary tomove the
application forward in clinical practice. Thefourthmanuscript,
by Larsen and colleagues, focuses on the current status of
platelet function testing in the diagnosis of bleeding disorders
and to monitor the efficacy of antiplatelet therapy, including
descriptions of available methods and advantages and disad-
vantages of each.4 Pre-analytical variables affecting platelet
functionarediscussed indetail andcanhelpthereaderaddress
common practical challenges in their own laboratories.

The subsequent manuscript, by Bowyer and Gosselin,
focuses on factor VIII and IX activity measurements for
hemophilia diagnosis and treatment.5 The article opens
with a summary of the impressive advances in hemophilia
care over the last decade and then transitions to discussion of
types of coagulation factor assays and the variables that can
impact results. Importantly, the discordance between the
one-stage and the two-stage chromogenic assays seen in a
subset of nonsevere hemophilia patients is described, as it
relates to testing approaches for diagnosis of mild hemophil-
ia. The manuscript then summarizes the currently available
modified, extended half-life factor replacement products
and the recommended (and not recommended) laboratory
methods for monitoring these products, information of great
value to clinical hemostasis laboratories.

In the next manuscript, authors Warkentin and Grei-
nacher provide an excellent review on laboratory testing
for heparin-induced thrombocytopenia (HIT), including the
autoimmune and spontaneous forms, as well as vaccine-
induced immune thrombotic thrombocytopenia (VITT).6

While these highly prothrombotic conditions share the
characteristics of thrombocytopenia and increased throm-
botic risk, the antibodies in HIT and VITT are distinct in their
recognition of distinct PF4 epitopes, which impacts the
sensitivity and specificity of laboratory assays. In particular,
while ELISAmethods are typically able to identify both types
of antibodies, rapid immunoassays have high sensitivity for
HIT but poor sensitivity for VITT. This is an incredibly
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importance difference in laboratory practice, with potential
to significantly impact patient diagnosis and care, and read-
ers are urged to read this manuscript carefully. An excellent
figure demonstrating the HIT and VITT antibody differences
was selected as the cover art for this issue.

The next article in this issue, from Gardiner et al, delves
into the discussion of laboratory developed tests (LDTs),
assays that are more commonly performed in highly special-
ized hemostasis/thrombosis laboratories, and that fill an
important niche for patient testing when there are no
commercially available options approved by local regulatory
authorities, or the commercial options are of substandard
quality.7 The manuscript provides important background
context on differences in laboratory regulation in different
parts of the world, and explores the challenges associated
with increasing LDT regulation with potential impacts to
patient care. The manuscript provides helpful tables that
summarize studies that should be performed during the
validation of a high-quality LDT.

In the next review, Richard Marlar expertly discusses
diagnosis of inherited defects in the natural anticoagulants
antithrombin, protein C, and protein S.8 Deficiencies in these
proteins are prominent inherited causes of increased throm-
botic risk. However, diagnostic testing is not always necessary
for patient management and the tests are greatly affected
by pre-analytical variables, technical challenges including
assay interference by anticoagulant medications, and prob-
lems with interpreting results and applying these results to
patient care. The author thoughtfully discusses testing
approaches and algorithms recommended by the Internation-
al SocietyonThrombosis andHemostasis (ISTH) for evaluating
these deficiencies9–11 and arms the reader with practical
knowledge to avoid common pitfalls.

In the last manuscript, authors Pruthi and Chen discuss
the bypassing agents used to treat hemophilia A and B
patients with factor inhibitors, including treatments cur-
rently used and those in development.12 The review focuses
onwhat is known about the effects of these agents on routine
and specialized coagulation assays.

We are thrilled to present this issue of Seminars in
Thrombosis and Hemostasis composed of an excellent collec-
tion of laboratory state-of-the-art reviews. We thank the

expert authors for their contributions and hope the readers
find great value in the content.

Conflict of Interest
None declared.

References
1 Adcock DM, Moore GW, Montalvão SDL, Kershaw G, Gosselin RC.

Activated Partial Thromboplastin Time and Prothrombin Time
Mixing Studies: Current State of the Art. Semin Thromb Hemost
2023;49(06):571–579

2 Saadalla A, Seheult J, Pruthi RK, Chen D. Von Willebrand factor
multimer analysis and classification: a comprehensive reviewand
updates. Semin Thromb Hemost 2023;49(06):580–591

3 Nogami K. Clot waveform analysis for monitoring hemostasis.
Semin Thromb Hemost 2023;49(06):592–599

4 Larsen JB, Hvas AM, Hojbjerg JA. Platelet function testing: update
and future directions. Semin Thromb Hemost 2023;49(06):
600–608

5 Bowyer AE, Gosselin RC. Factor VIII and factor IX activitymeasure-
ments for haemophilia diagnosis and related treatments. Semin
Thromb Hemost 2023;49(06):609–620

6 Warkentin TE, Greinacher A. Laboratory testing for HIT and VITT
antibodies: a narrative review. Semin Thromb Hemost 2023;49
(06):621–633

7 Gardiner C, Echenagucia M, Gosselin RC. The future of laboratory
developed tests in hemostasis laboratories. Semin Thromb
Hemost 2023;49(06):634–640

8 Marlar RA. Laboratory evaluation of antithrombin, protein C and
protein S. Semin Thromb Hemost 2023;49(06):641–650

9 Van Cott EM, Orlando C, Moore GW, Cooper PC, Meijer P, Marlar
RSubcommittee on Plasma Coagulation Inhibitors. Recommen-
dations for clinical laboratory testing for antithrombin deficiency;
communication from the SSC of the ISTH. J Thromb Haemost
2020;18(01):17–22

10 Cooper PC, Pavlova A, Moore GW, Hickey KP, Marlar RA. Recom-
mendations for clinical laboratory testing for protein C deficiency,
for the subcommittee on plasma coagulation inhibitors of the
ISTH. J Thromb Haemost 2020;18(02):271–277

11 Marlar RA, Gausman JN, Tsuda H, Rollins-Raval MA, Brinkman
HJM. Recommendations for clinical laboratory testing for protein
S deficiency: Communication from the SSC committee plasma
coagulation inhibitors of the ISTH. J Thromb Haemost 2021;19
(01):68–74

12 Pruthi RK, Cheng D. The use of bypassing treatment strategies in
hemophilia and their effect on laboratory testing. Semin Thromb
Hemost 2023;49(06):651–660

Seminars in Thrombosis & Hemostasis Vol. 49 No. 6/2023 © 2023. Thieme. All rights reserved.

Preface570

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


