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Introduction

Thrombosis and hemostasis laboratories in an academic
environment face several challenges. First, they need to
perform the highest standard routine diagnostics and
should be capable to serve as a reference center for meth-
odological expertise, patient counseling, and expert opinion
in the field of hemostasis. Second, these laboratories should
ideally design, establish, and improve diagnostic tests and
methodologies and develop research projects going beyond
the scope of routine testing. The results of this research may
have a direct impact on patient care when new methods
translate into new routine diagnostics. Third, in an academ-
ic environment, education and training play a prominent
role. This applies to students in the park of life sciences,
physicians, scientists, laboratory technicians, and staff.
Finally, each approach will need to be efficient and cost-
effective.

Combining the resources of a diagnostic and a research
laboratory is also an opportunity. Often, problem-oriented
focused research strategies using synergies between clinical
and research laboratories have helped to discover novel
pathological mechanisms and to develop new therapeutic
strategies.! There are numerous examples where this has
been achieved in clinical laboratories, clinics, and research
institutions within the GTH community. One example is the
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Combining diagnostics and research in academic laboratories faces challenges and
bears great opportunities. In this short review, we describe the objectives of diagnostic
and research laboratories dealing with thrombosis and hemostasis questions. We give
an overview of specific goals for diagnostic and research laboratories and explain the
synergies and tasks which need to be managed in an interdisciplinary team.

establishment of the first guideline for the diagnosis and
management of vaccine-induced immune thrombocytope-
nia and thrombosis.? Research promotes quality and innova-
tion in the routine laboratory, and vice versa, because
encountering routine questions can give new impulses and
ideas to scientists. This short review gives an overview of the
differences between routine and diagnostic laboratories and
describes the challenges and the opportunities of managing
an interdisciplinary laboratory for routine diagnostics and
research in thrombosis and hemostasis.

Goals and Features of a Diagnostic
Laboratory

Diagnostic laboratories provide laboratory tests to diagnose
and manage diseases. The obtained results in many aspects
directly interfere with patient treatment, e.g., by establishing
the correct diagnosis, by defining or staging certain disease
conditions, or by monitoring or controlling medical treatments.

Diagnostic laboratories incorporate national and interna-
tional quality management systems (QMSs) to fulfill criteria
for internal and external quality control needs. These labo-
ratories seek a highly standardized workup to achieve timely,
most accurate, reproducible, and reliable test results. Many
routine assays are performed on automated laboratory plat-
forms and the throughput of patient samples is usually
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Fig. 1 Example of a diagnostic laboratory network for thrombosis and hemostasis.

increased. Furthermore, some laboratory tests must be kept
available 24 hours 7 days a week for emergency testing.

There is a plethora of diagnostic tests performed in the
field of thrombosis and hemostasis, which are often not
completely run in one particular laboratory, but rather in
several different locations in academia, including point-of-
care diagnostics, tests performed in central laboratories, and
those requiring special laboratories (~Fig. 1).

Specialized hemostasis laboratories perform assays to
diagnose, classify, or manage rare diseases. These laborato-
ries have the same requirements for standardization but
require highly experienced staff and often sophisticated
types of analyses. For many years, such laboratories have
been established in academic environments. However, there
is a continuous development of laboratory tests making even
exceedingly specialized tests available on standardized au-
tomated platforms. For example, next-generation sequenc-
ing analyses requiring a remarkable amount of hardware and
software and expertise for data analyses will foreseeably
become routine for some hemostasis laboratories outside of
academia because miniaturized hardware and standardized
algorithms for analysis will be created.>*

The International Society on Thrombosis and Haemostasis
has developed a core curriculum of competencies of a
thrombosis and hemostasis laboratory, which includes the
performance and management of specialized tests for
thrombotic and bleeding disorders, e.g., tests for thrombotic
microangiopathies and platelet function tests, respectively. It
provides a foundation for the development and enhance-
ment of education and quality management of the laboratory
irrespective of the jurisdictions.> Many efforts are taken to
keep the high level of standardization and to optimize
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processes for better adherence to quality standards and
cost effectiveness. Expenditures for laboratory services are
further increasing due to expensive innovations. This makes
it more important to pool resources, promote networking,
and establish sustainable processes.

The high level of technical expertise, 24/7 availability, and
the ability to take care of patients with severe and complex
diseases require extraordinary demands on the personnel,
who must be reliable and resilient to work in shifts. Staff
shortages will become and are already an issue in some
academic centers, putting pressure on academic institutions
to educate and train the next generations of academic
laboratory staff.

Goals and Features of a Research Laboratory

Academic research laboratories for thrombosis and hemo-
stasis usually focus on their specialized research topics at
universities or other public-funded institutions. The aim is to
perform high-quality, internationally competitive, and in
many cases interdisciplinary research. New insights into
basic research, but also the development of new therapeutic
approaches leading to scientific publications, patents, or
clinical studies, are results of flourishing research.

A research laboratory creates and implements experimen-
tal designs and innovative methods. Investigators may apply
less standardized and even unconventional approaches to
address new scientific questions. The equipment is also im-
portant. Often, a wider range of instruments is needed to
establish new methods. However, the ever-increasing costs of
research platforms and devices force us to concentrate on
capacities and to collaborate with other laboratories and/or
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core facilities. The latter provides technical equipment and
expertise of highly trained staff.

The core of a successful research laboratory is highly
qualified personnel, including academic and technical staff.
Recruiting talented scientists and experienced technicians is
a prerequisite for a successful research laboratory.® Team-
work is most important, resulting in shared responsibilities
and resources, accelerated exchange of knowledge, and
experience. Developing a positive laboratory culture is there-
by mandatory bringing together international scientists with
different backgrounds and personalities in an open environ-
ment. Good communication in a research laboratory directly
improves research outcomes.” It is known that diversity
promotes excellence and innovation in biomedical sciences,
t00.%? Exchange and utilization of complementary skill sets
therefore broaden the scope of a research laboratory and can
trigger new collaborations.

Scientific education and training are also a major task in
academia, offering the opportunity to perform bachelor’s and
master’s theses as well as MD or PhD theses. Moreover, research
education allows keeping up with new methodologies and
promoting exchange between researchers. This also includes
active participation in scientific meetings and congresses,
admitting the presentation of results and discussing them.
Mentorship for students and younger scientists providing
guidance for laboratory work as well as for scientific writing
is crucial for career accomplishments.

Running a scientific laboratory also requires the continu-
ous release of publications and grant applications for fund-
ing. Research is usually expensive with costs for equipment
provision and maintenance, consumables, and salaries. The
design of a project and the assessment of costs and search for
funding sources are closely related.’® Thus, the existence of a
research laboratory often depends on regular and adequate
external funding.

Regulatory Requirements

Today, a routine diagnostic laboratory is established in an
exceedingly regulated environment, which requires a pro-
fessional QMS and a high degree of documentation. In
Germany, laboratories need to comply with the nationwide
guideline of the German Medical Association for quality
assurance of clinical laboratory testing, the European regula-
tion on in vitro diagnostics, and several other international
standards including risk standards. An overview is given in
~Table 1. The QMS structures and describes premises, per-
sonnel, and methodological requirements necessary for a
diagnostic laboratory. It regulates the handling of patient
samples including shipment and storage, standard operational
procedures, education, training, and professional require-
ments of personnel, including physicians, scientists, and tech-
nical staff. Diagnostic laboratories have to undergo audits by
governmental authorities or accreditation institutions, requir-
ing additional efforts for preparing these meetings. However,
despite all these regulatory efforts for diagnostic laboratories,
even quality-labeled commercial reagents may contain faulty
lots which may result in false-negative results."’ This can
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ultimately be uncovered by a combined research and routine
laboratory.

The high degree of standardization and quality manage-
ment has direct research implications because clinical trials
involving diagnostic laboratory tests usually engage quality-
managed laboratories. Moreover, regulatory requirements are
also relevant for research laboratories, especially for studies
involving humans or animals. Here, European regulations as
well as national laws apply for conducting clinical trials on
pharmaceutical products for human use and on medical
devices. Animal trials are regulated by the German animal
protection law. Adherence to scientific and ethical standards,
e.g., the Good Clinical Practice guideline or the Declaration of
Helsinki, is mandatory for funding agencies. Thus, quality
management requirements as well as general data protection
regulations apply also for research laboratories to ensure
transparency and the quality of research results.

Synergies between Diagnostic and Research
Laboratories

Synergies arise when academic research and diagnostic labo-
ratories achieve a combined spin that is larger than the sum of
the individual effects. The top common goals are to exchange
knowledge and expertise and to share common equipment
and infrastructures. A priori, academicenvironments are in the
position to provide a common ground to achieve these goals
(=Fig. 2). A combined academic diagnostic and research
laboratory provides an information hub for scientists and
laboratory specialists, students and graduates, apprentices,
and technicians. Sharing infrastructures and equipment helps
to optimize the use of expensive devices, and may even
economize energy and other resources.

However, there are additional advantages. First, a diagnos-
ticlaboratory with a certain expertise can have a supraregional
outreach and may thus be able to gather samples from a large
proportion of patients both nationally and internationally. This
may first create a cost-efficient way to offer special diagnostic
tests for rare diseases, thereof diagnostic work-up would
otherwise remain challenging, as the personnel and infrastruc-
ture are optimally utilized. Second, it provides the opportunity
to oversee the dynamic of an otherwise orphan disease from a
national and even international perspective. Research-wise,
alarger number of incoming samples is also beneficial because
areasonable power and representativity of laboratory studies
can easier be accomplished. A good example to illustrate this is
reference laboratories for rare infections or tumor diseases. We
exemplify how diagnostics and research can be synergistically
managed in our specialized platelet laboratory representative
for the field of thrombosis and hemostasis (~Figs. 3 and 4).

Challenges

There are certain challenges for diagnostic and research
laboratories. Shortage of qualified personnel is a growing
problem.'>'3 This applies to physicians and scientific and
technical staff and requires continued and increased efforts
for personnel recruitment, education, and management.
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Table 1 Regulations for medical and research laboratories active in Germany (nonexhaustive list)

Regulation/law

Scope

Aim

Diagnostic | Guideline of the German Nationwide guideline for medical To provide a basis for quality
laboratory | Medical Association for quality laboratories in Germany assurance systems of clinical
assurance of clinical laboratory laboratories in Germany, with
testing (Rili-BAK) specifications for carrying out
laboratory tests
ISO 15189 International standard for medical | To specify the quality management
laboratories system including competence
requirements for medical
laboratories and basis for
accreditations
Regulation (EU) 2017/746 onin | European reqgulation on in vitro To regulate the market for in-vitro
vitro diagnostic medical devices | diagnostic medical devices diagnostics in the EU and to cover
(IVDR) their entire life cycle, from
development and monitoring
through to use; to define safety and
performance requirements, and basis
for laboratory developed tests
ISO/IEC 17025 International guideline for testing To provide specific requirements for
and calibration laboratories competence (applies directly to
(including medical laboratories) organizations that produce testing
and calibration results)
ISO 9001 International standard for quality To define minimum requirements for
management systems quality management systems
ISO 22367 International risk standard for To specify a process to identify and
medical laboratories manage the risks for patients,
laboratory workers, and service
providers that are associated with
medical laboratory examinations
General Data Protection European guideline for data To regulate processing and
Regulation (DSGVO) protection protection of personal data
Research Declaration of Helsinki International statement of the To provide a statement of ethical
laboratory World Medical Association principles for medical research

involving human participants

Good clinical practice

International ethical and scientific
quality standard for designing,
conducting, recording, and
reporting trials that involve the
participation of human subjects

To facilitate the mutual acceptance of
clinical data by regulatory authorities
for clinical trials with pharmaceutical
products

Clinical trials regulation
536/2014

European regulation

To act as clinical trial regulations for
pharmaceutical products

German Pharmaceutical Act
(Arzneimittelgesetz — AMG)

National regulation in Germany

To act as clinical trial regulations for
pharmaceutical products

Medical Device Regulation
2017/745

European regulation

To act as medical device regulation

Medizinprodukterecht-
Durchfiihrungsgesetz

National regulation in Germany

To act as medical device regulation

Animal protection laws

National- and EU laws and
international standards

To protect animals used in research
projects

Good scientific practice

Codex that applies to research
work, adopted by many funding
institutions

To provide standards to avoid
manipulation, misconduct, and
misuse of research data

Abbreviation: EU, European Union.

Whereas scientific staff is often employed for time-limited
projects, staff recruited for routine diagnostics must often
work in shifts during day and night times. This, however, can
create unwanted competition between the diagnostic and
the research part. Solutions are often individualized and
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tailored for qualified personnel. Furthermore, the growing
body of regulatory requirements seizes capacities of the
employed staff and reduces time for research, fund raising,
and process optimization. Finally, academia is per se a
competitive context and thrombosis and hemostasis
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Fig. 2 Scheme of synergies between a diagnostic and a research laboratory in an academic environment.
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Fig.3 Integration of diagnostic and research approaches forinherited platelet disorders (IPDs) testing by immunofluorescence microcopy in the
Greifswald Platelet Laboratory. Our group has established a method for phenotyping platelets on the peripheral blood smears by combining
light- and immunofluorescence microscopy.17 The principle is to label with primary and secondary antibody platelet markers belonging to
different structures (a or dense granules, cytoskeletal apparatus, surface receptors). The method has been validated as sensitive and specific for
nine IPDs, '8 for which typical changes of platelet structures can be detected.’® We introduced this investigation in our routine diagnostic
activity as a screening tool for IPD. Yearly, we investigate blood smears from around 300 patients, who are referred to our laboratory by first-level
diagnostic centers from Germany and beyond. Upon integration with clinical and anamnestic data, we possibly confirm the IPD suspicion
and often suggest a targeted genetic confirmation of one or more IPD genes. In parallel, we reqularly perform a blinded investigation of patients
who had previously received a diagnostic confirmation of IPD by molecular testing. This enables: (1) a continuous validation of the method and
(2) a further, multidisciplinary investigation of the phenotypic aspects of IPD. Through this integration of diagnostic and investigation
approaches, we significantly contributed over the last 5 years to unravel pathogenic and clinical aspects of diverse known and newly identified
forms of these rare disorders.%~24
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Fig. 4 Integration of diagnostic and research approaches testing for antiplatelet factor 4 (PF4)-antibody-associated immunothrombosis by
platelet activation assays in the Greifswald Platelet Laboratory. The Greifswald Platelet Laboratory is a reference laboratory for the diagnostics of
heparin-induced thrombocytopenia (HIT). We confirm or exclude anti-PF4-antibody-associated immunothrombosis by enzyme-linked immu-
nosorbent assays and specialized platelet activation assays. When in 2021 the first patient samples of patients with thrombocytopenia and
life-threatening thrombosis after COVID-19 vaccination were referred to the Greifswald Platelet Laboratory, the usual HIT tests did not recognize
these patients. However, the already established link between routine and research laboratories and the immediate assessment of these patient
samples in an experimental, newly developed PF4-enhanced platelet activation assay (PIPA) were the key, that these patients could be
rapidly identified and vaccine-induced immune thrombocytopenia and thrombosis (VITT) was recognized as a new cause for anti-PF4-antibody-
associated immunothrombosis.?>2% The PIPA test was immediately incorporated into routine diagnostics and now serves as our gold standard
for identifying VITT patients. Then, 2 years later the first patients with a VITT-like clinical and serological pattern but without heparin or
vaccine exposure were identified. At that time, these patients were extremely rare; however, by receiving samples from all over the world, we
were able to see the bigger picture and identify viral infections as an additional cause of anti-PF4-antibody-associated immunothrombosis.?”
The experimental assessment of patient samples originally sent for routine diagnostics was key to investigate new pathomechanisms of
VITT and VITT-like disorders in recent years.?8:2% This in turn has therapeutic implications, which are of direct benefit for the concerned patients.
An example is one of the first documented patients severely affected by chronic autoimmune VITT, who was successfully treated with ibrutinib.3°

COVID-19, coronavirus disease 2019; PF4, platelet factor 4.

laboratories have to compete with other players in research
and clinics over resources and space. It requires clever
networking and qualified management to succeed in the
race within each faculty. However, it is undoubtedly an
advantage to be firmly grounded on a research and a diag-
nostic field in this arena.

A common task for the future of diagnostic and research
laboratories is to deal with approaches of artificial intelli-
gence, which will revolutionize the field of laboratory medi-
cine,' research,' and thrombosis and hemostasis.'® Here,
new processes will have to be implemented and the research
and diagnostic parts of a combined laboratory will inevitably
learn from one another.

Last but not least, threats for a successful synergism may
include different organizational structures within the academ-
ic environment leading to a different work focus. Pressure for
rationalization and cost dumping as well as the profit-oriented
structure of diagnostic laboratories on the one hand and the
constant dependency of research laboratories on external
funding on the other hand may also be factors that can
jeopardize cooperation.
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Conclusion

Integrating research and diagnostics in thrombosis and
hemostasis laboratories holds many opportunities for creat-
ing new developments and driving progress in the field. It
also provides a platform to design strategies addressing
common and specific challenges in both areas. Communica-
tion, networking, education, research, and diagnostic skills
are relevant key factors for success. Collaboration instead of
competition is probably a “must” for the future, ideally in a
way that all partners can profit mutually from each other. On
the other hand, working in a productive team is satisfying,
exciting, and makes a lot of fun! These perspectives will stay
most important for attracting new generations for a position
in academic laboratories and to cope with the upcoming
challenges.
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