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Digital Diagnostics and Mobile Health in
Laboratory Medicine: An International
Federation of Clinical Chemistry and Laboratory
Medicine Survey on Current Practice and Future
Perspectives
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Background: A survey of IFCC members was conducted to determine current and future perspectives on digital
innovations within laboratory medicine and healthcare sectors.

Methods: Questions focused on the relevance of digital diagnostic solutions, implementation and barriers to
adopting digital technologies, and supplier roles in supporting innovation. Digital diagnostic market segments
were defined by solution recipient (laboratory, clinician, patient/consumer, payor) and proximity to core labora-
tory operations.

Results: Digital solutions were of active interest for >90% of respondents. Although solutions to improve core
operations were ranked as the most relevant currently, a future shift to technologies beyond core laboratory ex-
pertise is expected. A key area of potential differentiation for laboratory customers was clinical decision support.
Currently, laboratories collaborate strongly with suppliers of laboratory integration software and information sys-
tems, with high expectations for future collaboration in clinical decision support, disease self-management, and
population health management. Asia Pacific countries attributed greater importance to adopting digital solutions
than those in other regions. Financial burden was the most commonly cited challenge in implementing digital sol-
utions.

Conclusions: Specialists in laboratory medicine are proactively approaching digital innovations and transforma-
tion, and there is high enthusiasm and expectation for further collaboration with suppliers and healthcare profes-
sionals beyond current core laboratory expertise.
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Survey on Digital Solutions in Laboratory Medicine

This report describes the results of a survey of IFCC members to assess perspectives on digital innova-

tion. We carefully defined user-centric market segments to effectively discuss digital technologies and solu-

tions within the context of laboratory medicine. Digital diagnostic solutions were of interest and importance

for most respondents; however, financial burden was the most common challenge to their implementation.

The results indicate that specialists in laboratory medicine are proactively approaching innovative digital

solutions proactively and welcome further collaboration with suppliers and healthcare professionals to bet-

ter enable health management beyond the laboratory.

INTRODUCTION

In an increasingly connected world, digital inno-
vations are rapidly changing healthcare delivery
and the medical laboratory environment (1). There
is growing consensus about the need for a strategy
that combines medical and technological tools to
provide us with a response at a scale that can out-
pace the speed and proliferation of a pandemic.
The current COVID-19 pandemic and the conse-
quent social distancing precautions adopted by
many countries have highlighted the need for and
usefulness of digital solutions (2, 3). The integration
and adoption of such emerging technologies
opens up new opportunities and offers several
advantages to users. Advances in digital technolo-
gies can improve the speed, flexibility, quality as-
surance, and transparency of laboratory
processes; they have the potential to increase
healthcare delivery efficiency, to facilitate medical
education, and to improve patient experiences
and outcomes (4, 5). Nevertheless, digitalization
may also create challenges and additional respon-
sibilities for healthcare workforces and may require
changes to practices and business models, as well
as implementation of different workflows (6-9).

With the rapid increase in the development of
digital health technologies, the WHO developed
recommendations in 2019 to help ensure that
new technologies are clinically effective and offer
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medical outcomes and economic value (10).
However, a vast array of digital health technolo-
gies are currently available, including electronic
health records; patient self-monitoring of health
using mobile phones and apps; cloud technology
for data sharing and storage; use of advanced
computing and artificial intelligence in diagnosis;
telemedicine for remote consultations; digital
approaches for monitoring and reporting inven-
tory levels, consumption, and distribution of medi-
cal commodities; and transmission of customized
health information for different target audiences
(1). Consequently, it can be challenging to commu-
nicate and discuss these digital products and solu-
tions in a meaningful way without a standardized
approach to segmenting and defining different
digital health technology markets.

We report the findings of a global survey of spe-
cialists in laboratory medicine conducted by the IFCC
Committee on Mobile Health and Bioengineering in
Laboratory Medicine (IFCC-C-MHBLM), which aimed
to categorize and conceptualize current and future
perceptions of digital innovations within the labora-
tory medicine and healthcare sectors.

METHODS

IFCC-C-MHBLM Questionnaire

The IFCC-C-MHBLM developed an online ques-
tionnaire on mobile health and digital diagnostics
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that was distributed to 151 IFCC members (91 full,
16 affiliate, and 44 corporate members, as of
December 31, 2018). The questionnaire was dis-
tributed on September 15, 2019, with a comple-
tion deadline of October 31, 2019. The survey
included questions on the role of diagnostics sup-
pliers in supporting digital innovations, the current
and future relevance of digital diagnostic solutions
in the laboratory environment, laboratory readi-
ness and methods for implementing digital diag-
nostic solutions, barriers to their uptake, and
respondent demographics (Supplemental Table
1). Respondents were grouped according to their
geographic location into the following regions:
Eastern Europe, Middle East, and Africa; Western
Europe; Asia Pacifi;c North America; and Latin
America.

Market Segments of the Digital Diagnostics
Landscape

Respondents were asked for their opinions on
the current and future states of digital diagnostic
solutions in relation to 10 different market seg-
ments of the digital diagnostics landscape. These
segments were defined by solution recipient (labo-
ratory-data generation, clinician-clinical decisions,
patient/consumer-disease self-management, and
payor-health management) and proximity to the
core laboratory environment (core business that
directly affects the laboratory operation, adjacent
business that may identify considerations for re-
sult analysis, and new business that focuses on
population management rather than patient-spe-
cific details; Supplemental Fig. 1).

* Segment 1: Laboratory management software. Software solu-
tions for the integration and connectivity of hardware and in-
formation technology platforms in both laboratory and point-
of-care settings allow for automation, process control, and
workflow streamlining between laboratories. These solutions
aim to improve operational efficiency and productivity by im-
proving data flow, process management, sample manage-
ment, quality control, and validation workflows.
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* Segment 2: Laboratory performance analytics. This segment
includes operational or economic data analytics for generating
laboratory performance insights. These analytics enable data-
driven, strategic decision-making aimed at increasing efficiency
through financial transparency and cost reduction and offer sol-
utions for performance dashboards, laboratory benchmarking,
operational optimizations, and inventory management.

Segment 3: Laboratory information systems. These software
systems support the coordination of various laboratory opera-
tions (e.g., workflow management, order entry, reporting, and
billing) by recording, managing, and storing laboratory data.

Segment 4: Digital after-sales services. Innovative digital inter-
action solutions after instrument purchase, such as the avail-
ability of a proactive remote service with skilled support
personnel to aid with troubleshooting, aim to create a differ-
entiating customer service experience.

Segment 5: Clinical workflow automation. These digital tools
promote clinician collaboration within or between disease
specialties, enabling consolidation of patient data from multi-
ple sources and standardization of clinical workflow and deci-
sion reporting. These digital tools aim to eliminate
inefficiencies in patient data collection and facilitate patient-
specific decision-making by clinicians, thus improving patient
care and ensuring standardization of best practice.

Segment 6: Clinical decision support (CDS). Digital data in-
sight and recommendation tools help inform clinical deci-
sions and thus provide direct medical value by offering
solutions to assist physicians with diagnoses, clinical trial
matching, patient-specific risk assessment, and patient-
specific recommendations.

Segment 7: Electronic health records. Digital collection of pa-
tient health information promotes collaboration between
clinicians and other healthcare providers and offers solutions
for sharing results and health data.

Segment 8: Digital disease prevention. Digital, technology-
based assistance tools for patient self-monitoring, such as
health coaching for changing risky behaviors, aim to provide
guidance in disease prevention until diagnosis by a clinician.

Segment 9: Digital disease self-management. Digital patient
self-testing solutions for disease monitoring, health coaching,
and virtual assistance aid in self-management of a medical
condition after diagnosis by a clinician.

Segment 10: Population health management. Aggregation and
analysis of patient data across multiple health information
technology resources offer solutions for test utilization man-
agement, readmission avoidance, and patient stratification.

Two additional categories were included in the
survey: telemedicine and artificial intelligence.
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These categories were considered separately
from the 10 market segments listed above, as
they are focused on underlying technologies
rather than solutions and may be the technology
underlying or forming part of a number of solu-
tions and segments.

RESULTS

Respondent Demographics

A total of 113 IFCC members responded to the
survey. Most respondents were from the IFCC re-
gional federations of Europe, the Middle East, and
Africa (Western Europe, 38%; Eastern Europe, the
Middle East and Africa combined, 33%), and the
main laboratory type was hospital laboratory
(55%; Fig. 1). The complete list of countries with
respondents within each region is provided in
Supplemental Table 2. A broad range of laboratory
backgrounds and roles were represented by the
survey respondents, including laboratory director,
laboratory owner, laboratory doctor, clinical pa-
thologist, in vitro diagnostics vendor, operations
manager, and technical director.

Survey on Digital Solutions in Laboratory Medicine

Key Survey Findings

More than 90% of respondents agreed that digi-
tal solutions were an area of interest, and the
average perceived degree of digital solution imple-
mentation in the laboratory environment was 2.8
(scale: 1 [low implementation] to 4 [high implemen-
tation]; Fig. 2). Digital solutions for improving labo-
ratory operations (segments 1-3) were perceived
to be the most relevant for the core laboratory en-
vironment at present, but a shift toward solutions
in areas beyond core laboratory expertise is
expected in the future, including telemedicine and
artificial intelligence for CDS and workflow optimi-
zation (Fig. 3). Respondents perceived CDS (seg-
ment 6) as the biggest potential area for laboratory
differentiation toward customers, followed by solu-
tions for disease and care management (segments
7 and 8; Fig. 4). Although laboratories are generally
perceived to strongly collaborate with suppliers in
the areas of laboratory integration software and in-
formation systems at present (segments 1 and 3),
there was a high expectation by laboratories for fu-
ture collaboration with suppliers beyond laboratory
optimization solutions, particularly in differentiating

Geographical Distribution

North America
1%

Asia-Pacific
6%

Not Reported
%

Latin America

15% 38%

Eastern Europe, Middle East
and Africa

33%

Western Europe

Laboratory Type

Other
1094

University Hospital
15%

Hospital

55%

Commercial
20%

Fig. 1. Survey respondent demographics (N = 113).
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It is not a concern or focus area at the moment

Digital innovation is limited to optimization of internal practices

Open to innovation opportunities beyond lab internal practice brought in by our suppliers

Degree of Impleme

Labs drive innovative practices beyond lab internal operations and proactively seek
partnerships and/or suppliers to develop such solutions in-house

Average Perceived Degree of
Implementation Per Laboratory Type

Average Perceived Degree of
Implementation Per Geography

4 4
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Fig. 2. Perceived degree of digital solution implementation in the laboratory environment (N = 113).
North America was not included in the results because the number of respondents (n = 1) was too low
to be considered representative of the region. Eastern EMEA, Eastern Europe, Middle East, and Africa.
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Fig. 3. Market segments that respondents perceived to be most relevant in the core laboratory environ-
ment at present and in the future (N = 113).

areas, such as CDS or population health manage-
ment (Fig. 5).

There were some differences in responses be-
tween geographic regions (Figs. 3 and 6). In gen-
eral, respondents from the Asia Pacific region
attributed a higher importance to digital solutions,
indicated a higher level of collaboration at present,
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and had higher expectations for digital solutions in
the future than respondents from other regions.
Conversely, respondents from the Latin America
region attributed the lowest importance to digital
solutions both now and in the future.

Financial burden was the most commonly
cited challenge in implementing digital solutions.
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Fig. 4. Market segments that respondents perceived to offer the greatest potential opportunities for dif-
ferentiation of laboratory services to customers (N = 113).
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Fig. 5. Market segments in which respondents currently collaborate with suppliers to introduce digital

Other frequently raised obstacles included a lack
of solutions fitting customer needs, issues with
interoperability of information technology prod-
ucts, and concerns around data security
(Supplemental Fig. 2).

DISCUSSION

The findings from the IFCC-C-MHBLM survey of
laboratory medicine users' views on digital

JALM | 969-979 | 06:04 | Ju

technologies clearly show that digitalization in lab-
oratory medicine is no longer a future expectation
but rather is occurring now (1). Although IFCC
members currently place the highest importance
on digital solutions for improving core laboratory
operations, a future shift is expected toward solu-
tions in areas beyond core laboratory expertise. In
particular, CDS is seen as the area of greatest po-
tential for laboratory differentiation for customers,
followed by solutions for disease and care man-
agement, which has subsequent implications for

ly 2021

220z @unp o uo Jasn g30S-UIBANOTON Aq 6661/29/696/1/9/2101E/WEl/L0d"dNo"0IapEDE//:SARY WO} PEPEOUMOQ


https://academic.oup.com/jalm/article-lookup/doi/10.1093/jalm/jfab026#supplementary-data

Survey on Digital Solutions in Laboratory Medicine

% of Respondents
wn
=

Ml APAC Now
- W. Europe Now

Bl LATAM Now

M £ EMEA Now

Underlying technology view

Health Records

0 4
Lab Integration Lab Laboratory Digital Clinical Clinical Digital Care  Digital Disease Disease Self-  Population | Telemedicine Artificial
Software and Performance Information After-Sales Workflow Decision Coordination Prevention  Management Health Intelligence
Electronic Analytics Systems Services Automation Support Management
Health Records Underlying technology view
B 100 4 : 100
APAC Future E. EMEA Future
90 = 56 86 6 86
80 W. Europe Future LATAM Future |
7 | 73
PE | 68
g
2 60 4 57 57 s 57 - | 57 39
g . 2 51 = 51 5L 51
=% 1
R P wBa 0 48 g Rl 4 42 <L 1 =
Z 40 4 35..35 [l3s 35 35 2
] ’ 32 32 59 29 |
-2 1 2 3
£ 3 21 24 |
20 4 18 |
12 12
10 4 |
0 f
Lab Integration Lab Lahoratory Digital Clinical Clinical Digital Care  Digital Discase Disease Self-  Population | Telemedicine  Artificial
Sofiware and  Performance Information After-Sales Workflow Decision Coordination Prevention  Management Health Intelligence
Electronic Analytics Systems Services Automation Support Management
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Fig. 6. Market segments that respondents perceived to be most relevant in the core laboratory environ-
ment at present (A) and in the future (B), by geographical region. North America was not included in
the results because the number of respondents (n = 1) was too low to be considered representative of
the region. APAC, Asia Pacific; E. EMEA, Eastern Europe, Middle East, and Africa; LATAM, Latin America;

increased demand on diagnostics providers.
Importantly, laboratories cited financial burden as
the most common challenge to implementing digi-
tal diagnostic solutions; other reported challenges
were a lack of solutions designed to address spe-
cific customer needs, technical issues between dif-
ferent information technology systems, and
potential data security issues. These challenges
provide potential areas of focus for addressing
gaps in the adoption of digital solutions, particu-
larly when viewed as compounded challenges.
There may be, for example, an increased financial
burden to implementing high data security in indi-
vidual organizations with low levels of digital
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maturity, so personalized approaches are often
required. In the current COVID-19 pandemic, it
has become increasingly apparent that interoper-
ability between healthcare institutions, aided by
digital solutions, should be prioritized (11) and fi-
nancial burden reduced. Although public health
initiatives, such as the Promoting Interoperability
Programs in the United States, may alleviate some
of the financial burden facing laboratories in
adopting these technologies (11), suppliers have a
responsibility to help address potential financial
obstacles. Several organizations may form buying
groups or group purchasing organizations that al-
low smaller laboratories to negotiate as part of a
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larger system, potentially reducing the cost of
these technologies across the group.

It is possible that a number of specialists in
laboratory medicine, outside of the IFCC mem-
bership, are not familiar with or anticipating the
implementation of digital solutions as an impor-
tant aspect of core laboratory practice. This ob-
servation emphasizes the responsibility of
education providers to increase awareness of
digital technologies that may address challenges
and unmet needs for laboratory medicine.
Education providers may also gather insights
from specialists in laboratory medicine to im-
prove current functioning and design of digital
health solutions.

Recently, rapid advances have been made in
the adoption and implementation of digital inno-
vations in the laboratory medicine environment.
The need for electronic healthcare delivery solu-
tions is likely to increase with growing demand on
healthcare systems in the context of constrained
resources. Future developments that may enable
digital technologies to further change healthcare
delivery include global access to internet-based
information, digital support for healthcare work-
ers (i.e, for diagnosis, treatment, and training),
provision of healthcare (including diagnostics) at
home, and transformation of logistics manage-
ment (12). The role of laboratory medicine in the
future healthcare ecosystem is at a crucial turn-
ing point. Rather than being a sole commodity
service provider, digital diagnostic solutions, par-
ticularly CDS, have the potential to transition lab-
oratory medicine to a platform for generating
patient-related actionable insights that are not
currently available, thereby improving the clinical
value of laboratory results. Digital technologies
also offer the greatest opportunity to differentiate
laboratory services for customers (e.g., healthcare
professionals, hospitals, medical practices). The
development of digital solutions will need to rely
on cocreation and user experience to be fit for
purpose, to respond to a clinical need, and to
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integrate regulatory aspects (13). Strong interac-
tions between healthcare workforces, in vitro di-
agnostic partners, and patients will be essential
for this cocreation process.

Digital solution providers offer the product de-
velopment capability, scale, and expertise to de-
ploy and maintain digital diagnostic solutions
that allow laboratory medicine to support clients,
both physician and patient. Delivering good diag-
nostics services depends on providing an appro-
priate diagnosis. Digital solutions providers could
play a pivotal role in the digitalization of the
diagnostics process by extending artificial intelli-
gence tools during the pre- and postanalytic
phase, including selection of the right test for
the right patient—the personalized medicine ap-
proach. Artificial intelligence may also streamline
the processes for data interpretation, billing and
reimbursement, and information  gathering
around population statistics. Digital solution pro-
viders may also bridge the gap between patients
and laboratory medicine. An increase in health
literacy and knowledge surrounding diagnosis
processes and recommendations for other tests
can allow patients to become active participants
in their disease management. Although digital
solution providers have the capability to re-
search and develop new technologies to support
laboratory medicine in delivering added value to
clients, privacy and civil liberties must be pre-
served. Digital diagnostic solutions may provide
benefits for every stage of the diagnostic pro-
cess; however, secure methods that are respect-
ful of privacy must be a priority.

When discussing digital technologies and solu-
tions, it is important that the various market seg-
ments are carefully defined. Digital innovations
can be difficult to explain to stakeholders with-
out a common framework, and the full potential
of these innovations may not be fully realized
(14, 15). The WHO has developed a framework
for the functions of digital technology in health-
care. This framework broadly comprises
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provision of better and more direct information
to people regarding health and illness, support
of healthcare workers for diagnosis and treat-
ment, and access to searchable databases and
information across a broad spectrum of areas
for healthcare managers (12, 14). In this report,
we propose a different approach to market seg-
mentation of the digital diagnostics landscape.
Our approach incorporates more customer- or
user-centric segmentation of digital solutions for
the laboratory medicine environment. The mar-
ket segmentation approach was validated using
market research and aims to comprehensively
cover activities in laboratory medicine and other
medical organizations. It has been developed in
a generic way so that the market can be de-
scribed and quantified in the long term rather
than focusing on the underlying technology.
Such market segmentation allows for a more
global vision and accounts for expectations from
different areas of the world where clinical, opera-
tional, and economic constraints may differ. This
approach has been used to describe other mar-
kets, such as the in vitro diagnostic landscape,
which has been divided into well-defined seg-
ments (16). Market segmentation provides an
educational framework for laboratory professio-
nals in this new digital era and the future vision
of laboratory medicine.

We provide a comprehensive survey of trends
and priorities in digital diagnostics from labora-
tory medicine providers across different geo-
graphic regions and clearly defined digital
diagnostic market segments within which to
contextualize the results. The survey was vali-
dated within laboratory medicine communities
through interviews with key opinion leaders in
the field of digital diagnostics. Interviews were
conducted by an external market research
agency (Homburg & Partner, Mannheim,
Germany), allowing for the collection of real-
world evidence relating directly to the laboratory
and diagnostic environment.
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A limitation of our study is the potential for the
data to be skewed by selecting only IFCC members
to complete the survey. Although digital solutions
affect all areas of laboratory medicine, hematology,
coagulation, and microbiology, survey responders
were primarily focused in clinical chemistry. A po-
tential survey bias was the overrepresentation of
respondents from Europe, the Middle East, and
Africa (71% of respondents) and the low proportion
of respondents from Latin America (15%), Asia
Pacific (6%), and North America (1%). Other market
segments of the digital diagnostics landscape were
not included in our survey (e.g., digital therapeutics,
robotics, digital trial management); however, the
market segments that were included were consid-
ered to be the most relevant for the purposes of
our survey, as determined through the key opinion
leader interviews for validation of the survey, and
thus were prioritized.

CONCLUSION

New digital technologies and regulations are
supporting the laboratory digital transformation
ahead. An array of digital technologies and tools
are increasingly being used in laboratory medicine
and could improve clinical decision-making, patient
triage, and the exchange of information between
healthcare professionals and patients. As the regu-
latory environment for digital technologies takes
shape, emerging industry standards foster usabil-
ity, compatibility, and interoperability to sustain
growth of digital technology use in a safe environ-
ment before being widely adopted. Close collabo-
ration among the industrial world, public health
authorities, and digital communications operators
will support effective solutions and implementation
of best practices. As digital innovations are imple-
mented, laboratory medicine providers are shifting
their strategic focus from optimization of internal
operations to novel offerings to customers. Digital
diagnostic solutions are likely to facilitate this shift,
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with CDS showing great potential for differentiation
of laboratory services. Adopting digital technologies
will require specialists of laboratory medicine not
only to reimagine operational and clinical pro-

Survey on Digital Solutions in Laboratory Medicine

expectations and enthusiasm for further collabora-
tion with suppliers and healthcare professionals
beyond current core laboratory expertise and tra-
ditional solutions.

cesses around care delivery but also to embed
these technologies in new medical processes and
concepts to reap the benefits. The IFCC-C-MHBLM
survey highlighted that specialists in laboratory
medicine are proactively approaching digital inno-
vations and transformation. There are also high
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