Acta Polytechnica Hungarica Vol. 20, No. 8, 2023

10 Pragmatic Points to Consider When
Performing a Systematic Literature Review of
Clinical Evidence on Digital Medical Devices

Marta Péntek, Zsombor Zrubka and Laszlo Gulacsi

Health Economics Research Center, University Research and Innovation Center;
Doctoral School of Innovation Management, Obuda University, Bécsi ut 96/b, H-
1034 Budapest, Hungary, pentek.marta@uni-obuda.hu; zrubka.zsombor@uni-
obuda.hu; gulacsi@uni-obuda.hu

Miklos Weszl

Department of Translational Sciences, Semmelweis University, Ttizolté u. 37-47,
H-1094 Budapest, Hungary, miklos.weszl@mdrpros.com

Janos Tibor Czere

Doctoral School of Innovation Management, Obuda University, Bécsi ut 96/b, H-
1034 Budapest, Hungary; PSI CRO Hungary LLC, Dozsa Gydrgy ut 84/B, H-
1068 Budapest, Hungary, czere.janos@phd.uni-obuda.hu

Tamas Haidegger

Antal Bejczy Center for Intelligent Robotics, University Research and Innovation
Center, Obuda University, Bécsi ut 96/b, H-1034 Budapest, Hungary;
haidegger@irob.uni-obuda.hu; Austrian Center for Medical Innovation and
Technology, Viktor-Kalpan-str. 2, 2700 Wiener Neustadt, Austria,
haidegger@acmit.at

Abstract: Innovative Digital Medical Devices (DMDs) are gaining a growing importance
in healthcare, thus the interest regarding their actual clinical value is increasing.
Gathering and evaluating all available clinical evidence on a device is needed for the
developers, manufacturers, notified bodies (certification), product managers, clinicians
and, above all, for the users. Systematic Literature Review (SLR), is a scientific,
standardized method, often used to identify and evaluate all available evidence on a
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relevant question, hence this method is widely used and accepted to provide high-quality
evaluations on clinical evidence. Moreover, the Medical Device Regulation (EU 2017/745)
also considers clinical evidence derived from the peer-reviewed scientific literature for the
assessment of medical devices being adequate, considering even sustainability aspects.
Researchers therefore can actually contribute to the clinical assessment of novel DMDs
through the rigorous assessment of the State-of-the-art and the comprehension of the
existing levels of evidence. Although the methodology of SLRs has been established in the
past decades, some specific questions arise when it comes to DMDs. The objective of this
paper was, therefore, to establish a set of practical points to consider in SLRs of clinical
evidence on DMDs. We believe that our work helps to speed up DMD development,
authorization, management and implementation, thereby eventually, contribute to the
health of patients.

Keywords: innovation; digital medical device; systematic literature review; medical device
regulation; management; robotic surgical procedures; chatbot

1 Introduction

Digital Medical Devices (DMDs) represent a broad spectrum of digital tools
developed for preventive, diagnostic or therapeutic purposes. DMDs include, for
instance, surgical or assistive social robots, diagnostic imaging software, mobile
phone applications, and wearables to monitor health parameters.

As with any medical intervention, a fundamental question for DMDs is their
effectiveness including both, the beneficial effects of an intervention on intended
outcomes and the problems [1]. For clinical decisions, we need to know whether
new technologies differ or exceed in their efficacy and safety compared to existing
methods. These questions need to be answered for the authorization and
implementation of innovative DMDs in the clinical practice, thus should be
considered throughout their management, from the development to the market
introduction. Questions on clinical evidence can be addressed in experimental
clinical trials, observational studies or by analyses of real-world data.

The systematic literature review (SLR) is a scientific, standardized method to
identify and evaluate all available evidence on a relevant question. SLRs are
fundamental in evidence-based medicine and have been widely applied in non-
medical fields. The independent Cochrane Collaboration [2] is considered globally
as the preeminent leader in the production of SLRs and the development of their
methodological standards.

The Medical Device Regulation (MDR) of the European Parliament and of the
Council (EU 2017/745) requires clinical evidence from manufacturers and
considers clinical study data reported ‘in scientific literature, reports published in
peer reviewed scientific journals’ and the assessment includes the ‘methodology
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for the literature search and relevant documentation of the literature search’ [3].
Furthermore, several countries published evidence frameworks for the health
technology assessment of digital health applications for public financing decisions
[4]. The methodological quality of SLRs is a focus point of the regulatory
assessment, and the accelerating technological development and institutional
frameworks will increase the demand for the generation and synthesis of clinical
evidence on DMDs devices, calling for systematic reviews to summarize findings
and support decision-making.

Our objective is to help stakeholders in planning, conducting and reporting SLRs
in the field of DMDs. While this has been widely applied as a research tool, to
assess the maturity of a technology, new aspects have to be considered when SLR
is used as an instrument along the regulatory clearance pathways. We aim to
establish a set of Points To Consider (PTCs) that arise specifically in the field of
DMDs but are not necessarily addressed or emphasized in general SLR tutorials or
have been poorly followed in the available DMD-related SLR works. First, we
provide a brief introduction to the SLR method in general. Then, we formulate
eight general and two device-specific practical points we suggest considering
when carrying out a SLR of clinical evidence on DMDs.

2 Background: Standard steps of a SLR

Systematic reviews and evidence syntheses, are considered research on their own
[5]. Therefore, the planning, implementation, and reporting of such research
require a systematic approach and scientific rigor, akin to empirical studies [6, 7].
The methodology for undertaking SLRs continues to evolve with the growing
need for evidence-informed decision-making by healthcare and public health
professionals, and policymakers [8]. In the following sections, the standard steps
of a SLR are presented briefly, including considerations from the most recent
guidelines.

2.1 Planning the SLR

Planning for resources: The implementation of a SLR requires a significant
amount of time, methodological savvy and meticulous planning from the very
beginning. Setting up a capable review team with clinical and methodological
expertise, including librarian, statistical and data management support, is a key
factor to conduct the review within a reasonable time. Additionally, formulating a
research question aligned with the author team's capabilities ensures effective
utilization of the available evidence [8].
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Framing a review question: A SLR involves the pre-definition of a focused
research question. This often requires a thorough and structured preliminary
research of the literature to map the landscape of the available evidence on a
specific topic and identify the potential gaps [8, 9]. This initial assessment guides
the precise formulation of the research question for the SLR. A review question
formulated as a structured, single sentence, serves as the cornerstone of an SLR
[8]. The creation of a well-formulated review question often demands a
multidisciplinary team and careful consideration. Various approaches exist for this
purpose, including the Population, Intervention, Comparator, and Outcomes
(PICO) framework [10]; Sample, Phenomenon of Interest, Design, Evaluation,
and Research type (SPIDER) criteria [11]; and Setting, Perspective, Intervention,
Comparison, and Evaluation (SPICE) [12]. PICO is used in clinical and
quantitative research, SPIDER was designed for qualitative or mixed methods
research topics (to be used rather on samples than on populations), while SPICE
focuses on qualitative research.

Writing the protocol: The purpose of a protocol is to plan and implement
measures to minimize bias associated with the conduct and presentation of SLR
findings [8]. To achieve this goal, the methods for identifying, selecting, and
appraising published data of interest, as well as synthesizing and reporting the
review findings, need to be elaborated and documented in advance [13, 14]. To
maintain the integrity and objectivity of the SLR, deviations from or changes to
the methods outlined in the protocol should be transparently communicated in
review reports [15].

2.2 Conducting the SLR

Search for Studies: The SLR protocol includes references to databases where
published information is searched. The literature search is conducted based on
carefully devised search terminology (search terms) to ensure alignment with the
concepts encapsulated in the original review question. A comprehensive search
may include the so-called 'grey' literature, referring to studies published in non-
peer-reviewed journals as well as unpublished data, with the aim of reducing the
negative effects of publication bias [16].

Screening the Identified Studies: The protocol includes clearly defined inclusion
and exclusion criteria for primary studies that align with the review question. At
least two independent reviewers should screen the identified studies to make the
final decision on inclusion, while the review team can resolve any differences of
opinion. In an SLR, the screening process is documented using the PRISMA
flowchart, which should be included in the final report to ensure transparency
[17].

Appraisal of Included Studies: Assessing the quality of studies included in a
SLR helps to determine the strength of the evidence. A pre-defined, structured
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assessment helps to ascertain whether the included studies are reliable enough to
impact healthcare or policy decisions. Different tools are available for the critical
appraisal of studies with various designs, e.g., Grading of Recommendations
Assessment, Development and Evaluation (GRADE) rating the certainty of
evidence, Critical Appraisal Skills Program (CASP) for qualitative studies and
CADAS for diagnostic accuracy studies [18-20]. Selection of evaluation tool
should be adjusted to the type of the studies. When an SLR includes more than
one type of study design, it is important to carefully consider the applicability of
standard tools.

Data extraction: The protocol includes detailed information regarding the extent
and method of data extraction with the aim of standardizing the process and
improving the validity of the results. The decision on the quantity of the data to
extract from the included studies is based on the objective of the SLR. To reduce
the risk of errors and biases, the process should be monitored by more than one
member of the reviewer team [8].

Synthesis: A systematic plan for synthesis is outlined in the protocol of a SLR,
considering the review question and the anticipated types of studies. The synthesis
process entails the combination and summary of the findings from individual
studies included in the review. The quantitative synthesis involves statistical
methods like meta-analysis, while the qualitative synthesis employs a narrative
approach in case the statistical analysis is unsuitable [8, 21]. Qualitative and
quantitative approaches may be applied together depending on the study
characteristics. Initiating both types of synthesis should begin with the
construction of a clear descriptive summary of the included studies. Texts and
tables should also be included in a SLR to provide an explanatory overview of
methods and findings of the involved studies.

2.3 Communicating the SLR

The primary objective of the dissemination of the findings from SLRs is to
provide valuable insights to the healthcare and policy decision-makers. As a
result, SLR reports are crafted with a style that is clear and accessible to a wide
audience, including users and various stakeholders. SLR reports are expected to
follow the recommendations outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) framework, which is
specifically designed to ensure that SLR reports are written in a manner that
facilitates the reproducibility of the entire review by independent researchers who
were not involved in the original study [22, 23]. Transparent and comprehensive
reporting are foundational principles, given that the findings of SLRs play a
crucial role in shaping clinical guidelines, healthcare programs, and policies. [8].
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3 Practical Points to Consider (PTC) in Carrying out
a SLR of Digital Medical Devices

3.1 PTC 1: Defining the Objective of the SLR Requires
Oreliminary Search of the Literature

To define a well-established study objective and perform a high-quality SLR, a
preliminary literature search is needed by which previous reviews, evidence gaps,
technological and regulatory developments can be identified and analyzed. This
preparatory work can guarantee that the SLR will address a relevant clinical
question related to the DMDs and supply patients, health care professionals and
decision-makers with valuable evidence.

The number of digital technology-related clinical studies' and systematic reviews?
identified via clinical filters of the PubMed database [24-26] have shown steady
increase over the past years (Fig 1), with up to 35-40 new studies and 4 systematic
reviews published each day.

! PubMed search syntax: (digital AND  (((clinical[Title/Abstract] AND
trial[Title/Abstract]) OR clinical trials as topic[MeSH Terms] OR clinical
trial[Publication Type] OR random*[Title/Abstract] OR random allocation[MeSH
Terms] OR therapeutic use[MeSH Subheading]) OR (sensitiv*[Title/Abstract] OR
sensitivity and specificity(MeSH Terms] OR diagnose[Title/Abstract] OR
diagnosed[Title/Abstract] OR diagnoses|Title/Abstract] OR
diagnosing[Title/Abstract] OR diagnosis[Title/Abstract] OR
diagnostic[Title/Abstract] OR  diagnosis[MeSH:noexp] OR  (diagnostic
equipment[MeSH:noexp] OR diagnostic errorsfMeSH:noexp] OR diagnostic
imaging[MeSH:noexp] OR diagnostic servicesfMeSH:noexp]) OR diagnosis,
differential[MeSH:noexp] OR diagnosis[Subheading:noexp]))) NOT ((Biography|[pt]
OR Case Reports[pt] OR Editorial[pt] OR Introductory Journal Article[pt] OR
Lecture[pt] OR Legislation[pt] OR Letter[pt] OR Meta-Analysis[pt] OR News[pt] OR
Newspaper Article[pt] OR Review[pt] OR Scientific Integrity Review[pt] OR
Systematic Review[pt]))

Pubmed search syntax: digital and (systematic[sb] OR meta-analysis[pt])
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Distribution of clinical evidence publications on digital technologies over time in PubMed database

Although systematic reviews and meta-analyses of randomized controlled trials
are considered the highest level of evidence for clinical benefits or harms [27],
one needs to be aware that the methodological quality and the certainty of
evidence published in SLRs are often meagre [28, 29]. While subsequent studies
may change the conclusions of SLRs, which may especially be true for rapidly
developing digital technologies, most published systematic reviews are not
updated in a timely manner [30].

Altogether, a thorough horizon scanning and preliminary literature search can
largely contribute to the ultimate value of the SLR for the patients, the health care
professionals and the decision-makers.

3.2 PTC 2: Select Source Databases using a Multidisciplinary
Approach

In addition to searching in large biomedical and health science databases, the use
of literature databases comprising publications in engineering, informatics and
computer sciences is recommended.

The development and testing DMDs require interdisciplinary knowledge from
biomedical, engineering and IT fields. The relevant literature of DMDs on their
development, clinical trials, post-marketing follow-up studies, and real-world data
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measurements is not necessarily published in biomedical and health sciences
literature databases. It can be challenging to find the best set of sources in order to
identify all relevant publications. Searching a series of databases can be time
consuming but ignoring potentially relevant databases may lead to biases [31]. As
a rule of thumb, at least two databases should be used for the search and the
publication practice of the disciplines related to the specific DMDs should be
taken into account. In addition to the two large biomedical databases, MEDLINE
that is free to use via PubMed platform, the more comprehensive EMBASE and
the commonly searched sources (Web of Science, Scopus, CINAHL, Psychinfo),
we suggest considering the IEEE Xplore database, in engineering and technology
[32-35].

3.3 PTC 4: Strive to Use Validated Search Terms and
Strategies

Primarily apply published and validated search filters when designing a search
strategy. In case such search filters are not available, consider combining search
strategies of previously published reviews or look for authoritative sources of a
comprehensive terminology.

While a comprehensive and replicable search strategy is the hallmark of a
systematic review method, sometimes it is challenging to construct search
syntaxes that cover relevant concepts of the research question with sufficient
sensitivity [8]. This is especially true in computer science and digital technologies,
where technological development and the evolution of the regulatory landscape
shift the mainstream terminology [36]. Digital health-related definitions
proliferated considerably over time, with significant overlap between key terms
[37]. Besides vague definitions, the abundance of technical terms represents
another challenge in the evidence synthesis of digital technologies. In a SLR of
using Al in pediatric diabetes mellitus, we identified two unique techniques per
paper on average. When developing the search syntax for this study, a collection
of specific methods from the caret library [38] yielded over 5 times more hits
when compared to general terms, such as “machine learning” alone [39]. At
studying the use of machine learning (ML) for SLR automation, we found only
163 overlapping hits among the 5321 retrieved records (3%) when combining the
search criteria of published systematic reviews with similar aims [40].

To overcome these challenges, several validated search filters (hedges) have been
developed for the biomedical literature to identify clinical studies on therapy,
diagnosis, etiology clinical prediction or prognosis [24], systematic reviews [24],
gender, age-groups, or a breadth of study designs, methods or clinical settings in
medicine, including health apps or generative Al [41]. Most of these filters apply a
collection of terms as well as their extensions in controlled medical vocabularies
such as the Medical Subject Headings (MeSH) [10] or the Embase Emtree
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Thesaurus [42], which are part of major literature databases popular in
engineering science, such as Web of Science (WOS) [43] or the IEEE Xplore [35].
However, IEEE Xplore allows search using IEEE Thesaurus, a controlled
vocabulary for engineering terms. A checklist is available to appraise the quality
of the search filters, before their use [44].

3.4 PTC5: Treat Automated and Semi-Automated SLR
Technologies with Caution

Automation of some stages of the SLR may be attractive to save time and human
resources. The performance of currently available automation methods is rather
heterogenous. There are promising results on complementing human work with
automation. As SLRs are used to inform decision making in healthcare, it is
crucial to check the evidence on the automation method you intend to use.

SLR is a time consuming and human resource-intensive scientific work, while a
comprehensive (new or updated) summary of the available clinical evidence can
be a matter of urgency. Developments have been made for (semi-)automated
solutions for SLRs, using Al-based solutions. Most of the SLR automation studies
have been performed for record screening which is otherwise an intense manual
work of at least two experienced reviewers [40]. However, the performance of
currently available SLR automation methods is rather heterogeneous. For an SLR,
the decisive question is whether automation of the process may achieve or even
outperform the quality (sensitivity, specificity) of the human method, otherwise its
potential time saving benefit will not pay off. Applying supplementary automation
to increase the sensitivity of the screening could be one of the first use in practice
in the foreseeable future [45].

3.5 PTC5: Focus on Data Measured by Relevant and
Validated Clinical Outcome Measures

Choose outcomes that are meaningful and understandable for both the doctors
and patients, the families, the society, the policy makers and the funders.
However, only reliable and validated outcome measures should be considered in
your SLR.

According to the Food and Drug Administration (FDA), ‘Providers and other
stakeholders are using digital health technologies in their efforts to: Reduce
inefficiencies, Improve access, Reduce costs, Increase quality, and Make medicine
more personalized for patients’ [46]. These are the goals that we aim to assess,
with outcome measurements. The European MDR (2017/745) does not provide
any definition and criteria of preferred measures for outcomes, but defines clinical
benefit as ‘the positive impact of a device on the health of an individual, expressed
in terms of a meaningful, measurable, patient-relevant clinical outcome(s),
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including outcome(s) related to diagnosis, or a positive impact on patient
management or public health’ [3]. Hence the choice of outcome measures in trial
design and their assessment in SLRs are crucial points and requires a good
understanding of outcome measurement. The Cochrane Handbook discusses in
detail, how to select, prioritize and group outcomes in the SLR [8]. Therefore,
here we highlight some essentials in the topic.

Identification and analysis of clinical and other outcomes is an important goal of
SLR, but it can also be quite complex. A good example is an SLR carried out with
10 RCTs, in which 62 different outcomes were used, and selectively measured at
20 different time points [47].

Some outcomes are (relatively) easy to measure, such as laboratory tests and
parameters monitored by DMDs. We can measure changes in blood pressure, but
the main goal of the blood pressure therapy is to avoid hypertension-related events
such as stroke and myocardial infarction. The level of blood pressure can predict
the risk of these major events. Similarly, blood sugar and HbAlc level predict
diabetes complications such as retinopathy, cardiovascular events, amputation.
Stroke, myocardial infarction, retinopathy, cardiovascular events, amputation are
examples of the so-called hard outcomes (endpoints) [48]. They are meaningful
and well understood by the doctors, as well as other key players of the health care
system such as patients, family, society, and funders. Blood pressure, blood sugar
and HBAI1C level are the so-called surrogate outcomes (endpoints). Their
correlation with hard outcomes has been established, hence can be used as input
for medical decision making.

In case of DMDs, a lot of data can be and are collected, however, these can be
considered as intermediate outcomes in case their relationship with hard outcomes
is not supported by firm evidences [49, 50].

Another important aspect is that regulators (EMA, FDA), health policy makers,
funders, clinicians, developers and managers are increasingly recognizing the
importance of the patients' perspective, globally, in DMDs development [51].
The patients' perspective can be assessed by Patient Reported Outcomes (PRO),
including quality of life (QoL) and well-being measures. The growing importance
of PROs is demonstrated by their increasing use in Phase III clinical trials [52]
and their wide adoption by medical professional guidelines. Principles for
selecting, developing and adapting PRO for use in medical device evaluation was
published by the FDA [53].

In the first phase of a SLR design, it is suggested to define the outcomes and their
types to be identified and reviewed. Choosing a hard outcome (if available) is
advisable otherwise analysis can rely on surrogate outcomes. Only validated and
reliable outcome measures can provide reliable conclusions of the SLR. To guide
your choice, it is suggested to check the respective literature or choose an outcome
that can be found in EMA, FDA or the clinical professional guidelines, these are
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most likely validated outcomes. Efforts should be made to identify and analyze
PROs where available.

3.6 PTC 6: Think about Conducting Meta-Analysis of the
Data

Consider combining the data from different clinical studies and perform their joint
statistical analysis using meta-analysis methods, in order to increase the power
and precision of the evidence. However, it is crucial to carefully follow the
methodological requirements of meta-analysis.

Meta-analysis is a statistical technique to quantitatively combine results of
primary studies that address the same research question, with the aim of
generalizing the findings [54]. The breadth of research questions may vary from
specific clinical questions concerning the same clinical population, intervention,
comparator, outcome, with same timing (treatment duration and follow-up) and
setting (where the study is implemented) (PICOTS) [55, 56] to a broader scope
leading to general hypotheses or theories. By representing the highest level of
medical evidence [27], meta-analysis is typically performed on randomized
controlled trials, but it can be used to synthesize the outcomes from a greater
variety of research designs (including individual patient data meta-analysis)
applied in the development and appraisal of digital technologies [4], including
diagnostic accuracy [57], observational studies in epidemiology [58], single-group
studies [59], multi-group comparisons and indirect comparisons [60], or even
single-case experimental designs [61]. Usually, the broader the topic or the more
heterogenous the intervention is, the more studies should be included, but a meta-
analysis can be performed on as few as two included studies. Even the so called
‘empty meta-analyses’ (when no studies are found in a specific topic) can be
informative on research gaps in a given field [54]. Meta-analyses allow the testing
of hypotheses that would not be feasible in single-study settings [54].

Our search for digital technology-related systematic reviews with® and without*
the term ’meta-analysis’ suggests that an increasing proportion of studies are
published without including a meta-analysis of the outcomes. In 2023, 57% of the
published systematic reviews in the field missed a meta-analysis (Fig. 2).

PubMed search syntax: digital AND (systematic[sb] or meta-analysis[pt]) AND meta-
analysis
PubMed search syntax: digital AND (systematic[sb] or meta-analysis[pt]) NOT meta-
analysis
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Figure 2
Distribution of systematic reviews with and without meta-analysis in PubMed bibliographic records

over time

Reviewers often conclude that due to the heterogeneity of patients, interventions
or study designs, conducting a meta-analysis would not be feasible and provide
only qualitative summary of the included studies. In such cases we found that
meta-analyses were feasible involving two out of eight randomized controlled
trials of chatbots [62], or involving the proportions of successful cases in single-
arm studies of augmented-reality-navigated spine surgery [63].

Altogether, while being aware the potential biases and pitfalls of meta-analyses
[64], we encourage authors to strive to perform meta-analysis of the clinical
outcomes of DMDs studies. While the scope of some meta-analyses involving
heterogenous technologies or populations may be too broad to address particular
clinical questions, quantitative summaries may provide unique insights or
benchmarks that may fuel future developments in the field. Furthermore,
PICOTS-ComTeC (Population, Intervention, Comparator, Outcome, Timing,
Setting, Communication, Technology and Context), is a novel research
framework, developed for patient-facing digital health interventions, may
facilitate evidence syntheses in the field, by aiding the identification of
comparable interventions and the selection of appropriate comparators, that
deliver similar effects for patients [65].
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3.7 PTC 7: Use the GRADE System for the Assessment of the
Quality of a Body of Evidence

In order to draw reliable conclusions from the SLR, to support medical decision
making, the quality of original clinical studies providing evidence on a health
intervention should be evaluated. The GRADE approach has been developed for
this purpose and is suggested for use in SLRs of DMD:s.

The abbreviation GRADE refers to ‘Grading of Recommendation, Assessment,
Development and Evaluation’, an established method to evaluate and weight the
clinical data revealed by the SLR [66]. The Cochrane Collaboration has adopted
this method and uses the GRADE approach to assess the evidence on outcomes in
clinical studies of interventions [8]. This stage is often missing from published
SLRs on DMDs, presumably, because the assessment requires broad
understanding of epidemiology, clinical study types, the PICO system, the
outcome measurement and further details. These may be beyond the average
knowledge of a researcher working in the field of DMDs, hence we suggest the
involvement of an experienced researcher.

3.8 PTC 8: Use Reporting Guidelines to Report your SLR

Good quality reporting will make a real use of your results. Reporting guidelines
are useful tools to present your SLR in a standardized, transparent manner, as
well as to check its accuracy and completeness. The PRISMA 2020 statement is
considered as the gold standard reporting guideline for SLRs, its extensions for
specialized topics and other checklists also deserve attention.

Poorly reported medical research generates immense waste of resources [67],
while the adoption of reporting checklists have been shown to improve reporting
quality [68, 69]. The core definition of SLRs includes the use of transparent and
reproducible methods for searching source documents and the synthesis of results
[70]. Hence, adherence to reporting guidelines is inherent part of the systematic
review process.

We note, that while detailed methodological guidelines exist on the
implementation of SLRs and meta-analyses [64], reporting guidelines focus on the
items that should be included in publication, without providing methodological
guidance on how to perform the respective research step. For systematic reviews
and meta-analyses, the updated PRISMA 2020 statement is considered as the gold
standard reporting guideline [22]. PRISMA has several extensions for specialized
systematic reviews [71].

In the context of DMDs, further systematic review reporting checklists may be
relevant such as the TRIPOD-SRMA for multivariable prediction models for
individual prognosis or diagnosis [72], CHARMS for prediction modelling studies
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[73], MOOSE for meta-analyses of observational studies [58], and the TECH
framework for health app reviews [74]. Moreover, PRIOR statement guides the
reporting of overviews of systematic reviews [75].

New reporting guidelines and checklists are being continuously developed and
published, and the number of potentially relevant checklists for a given
publication may be overwhelming [39]. To avoid confusion, we suggest that
authors consult the Enhancing the QUAlity and Transparency Of health Research
(EQUATOR) network’s website [71], the target journal’s requirements and some
benchmark reviews in their field that were published in the leading journals, when
selecting the appropriate reporting guideline for their review.

3.9 PTC 9: SLRs on Al-based Chatbots in Healthcare

Validated search strategies for Al-based healthcare chatbots are lacking. Clinical
studies are relatively scarce and their reports are often poorly standardized.
Hence SLRs focusing on Al-based healthcare chatbots require special caution
both in terms of literature search and evaluation of the results.

The literature search for studies on Al-based healthcare chatbots is challenging
due to the lack of validated search terms and strategies for ‘chatbot’ and also for
‘A’ [76]. SLRs used different ‘chatbot’ search terms (e.g., virtual/embodied
agent, conversational bot/interface, virtual assistant / coach, nursing avatar,
social/smart bot, etc.). Combinations of search terms from relevant SLRs can be a
pragmatic solution but might lead to a large number of irrelevant hits. A recent
SLR on conversational agents in healthcare identified eight randomized controlled
trials [77]. Authors missed to perform meta-analysis although results of two
randomized controlled trials on two relevant clinical outcomes were proved to be
appropriate for the analysis [62]. Another important issue is the transparent
reporting of the chatbot technology used. Risk of bias assessment of the trials
revealed a rather low risk in general, however a transparent reporting of the Al
method used was often missing. According to our best knowledge, specific
reporting guidelines for trials and SLRs on Al-based healthcare chatbots are
missing [39]. We suggest, that Al-chatbot researchers, should rely on well-
established reporting guidelines on different study types and consider the available
checklists for Al-based studies.

3.10 PTC 10: SLRs on Robotic Surgery

Always assess the risk arising from the autonomy of a surgical robot system.
Other key points to consider may be identical to general innovative medical
electrical equipment, yet Al and ML methods are pushing towards more
autonomous systems.
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Standardizing DMDs has been often regulated by large organizations, particularly
the International Organization for Standardization (ISO) and the International
Electrotechnical Commission (IEC). To cover the PTC above, ISO 13485:2016 -
Quality management systems and the [IEC 60601-1 — Medical electrical
equipment, general standards of the domain, have been amended with the JEC/TR
60601-4-1: Medical electrical equipment — Part 4-1: Guidance and interpretation
— Medical electrical equipment and medical electrical systems employing a degree
of autonomy and the IEC 80601-2-77: Particular requirements for the basic safety
and essential performance of robotically assisted surgical equipment [78, 79].
These new standards bridge the gap between the traditional approach of treating
medical devices (i.e., Medical Electrical Equipment (MEE) and Medical Electrical
Systems (MES) in the standard’s taxonomy) separate from robots (falling under
the machinery directives) [80]. It has been clearly defined that an MEE/MES can
be a robot, while still being regulated as a medical device, with a certain degree of
autonomy. The development and application of Al-based and ML methods, in
robot-assisted surgeries, requires well-defined criteria for validation [81, 82]. In
addition, methods that can deal with data heterogeneity, as well as sparsity and
real-time capability are needed, as well as taking into consideration the aspects of
the sustainability of large-scale computing [83-85]. This requires real-time control
and novel communication networks with low latency and high resilience in the
OR [86, 87].

Conclusions

We have summarized 10 points to consider for SLRs, in the field of DMDs from
an explicitly practical perspective. We have relied on our scientific knowledge in
systematic literature reviews and experience in the field of DMDs. We have not
aimed for completeness, in contrast, we encourage researchers to develop these
points further, expand with new aspects and apply them to DMDs in general and
to specific DMD assets. Our suggestions provide a valuable basis for that work.
Nonetheless, we believe that this set of PTC is a valuable tool for those (DMD
developers, researchers, regulatory agencies, business development and sales
managers, policy makers, clinicians, patients), who are interested in providing and
obtaining reliable conclusions on the clinical evidence concerning DMDs, thereby,
improving the overall health of patients. Our work is intended to help in achieving
this goal.
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