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Abstract

We are in the era of disruption. New technologies are all around us and they change our professional and non-professional
life very quickly. Evidence-based medicine is changing accordingly. We propose a new version of the evidence pyramid
that evolves through the changes of our novel perspective. New technologies are manipulating the pyramid, revealing
us unexpected dimensions, and shaping it into a more complex form. From a traditional two-dimensional pyramid, we
move on to a three-dimensional one, where the third dimension is represented by the research efforts to go up to the
next step. Legal, ethical, educational and cost-effectiveness issues are some of the major current barriers to manage and
remove from accessing a secure and daily routine use of these intelligent tools. An additional element, represented by
the volume of the step, highlighting the impact in clinical practice of each level of the pyramid, is added creating the
fourth new version of evidence pyramid.
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1 Introduction

This is the era of disruption: more changes in different areas of our life, from trade to art [1], have taken place and the
other will come [2]. Artificial Intelligence (Al), Internet-of-Medical Things (IoMT) and the other widespread technologies
are trying to enter our daily life. Clinical research is also evolving too. Traditional analysis methods are not sufficient to
value and analyze the large number of datasets available today [3]. In fact, data that can be stored have undergone a
gradual but decisive change in their amount and format. From a list of intermittent static standardized data, today we
have at our disposal real time and multi-source data interconnected together.

It is something like cinema: from single black-and-white frames we moved on to continuous footage enriched with
colors, sounds and music up to 3D vision and multi-sensory experiences. As in the film industry, technological progres-
sion has made it possible to store and manage an increasing amount of data in medicine as well. Alongside traditional
healthcare data, we have information from various other sources, such as personal devices, social media, biobanks and
so on. There is a transition from an approach focused on intermittent data to one based on an increasing amount of
structured and unstructured real time data [4]. We are moving towards real personalized medicine; considering all the
characteristics of the subjects, thanks to new technologies, it is possible to developing models for prevention, diagnosis
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and treatment extremely tailor-made. It is no coincidence that these algorithms often perform as well as, or even better
than, clinicians when it comes to answering specific questions [5].

In parallel with this technological revolution, the concept of Evidence-Based Medicine, which has maintained medical
practice for decades, could not fail to change. If EBM represents an emblematic sign of the Third Industrial Revolution
[6], Al and Maching Learning are those of the Fourth Industrial Revolution [7]. Subbiah V. recently presented a brilliant
overview of how medical research is changing in recent years, highlighting how disruptive technologies will be among
the key factors of this evolution [8]. Revolution, in our opinion, which involves a gradual but profound change in the
way of doing research and where Al and other new technologies will be allies of healthcare professionals with the
patients’ health as common purpose. However, there is a current underuse of these techniques both in clinical practice
and research. Probably one of the main problems is that currently many of us feel invested by these technologies rather
than being able to ride them. And while this might be perceived as acceptable in everyday life, for example Al that man-
ages our emails or the use of intelligent voice assistants as Apple’s Siri- or Amazon'’s Alexa’, most of us are not willing to
employ technologies that do not understand and which there is not yet a significant amount in the evidence in their
work. Currently there seems to be a kind of tug-of-war, between those who would like to adopt these technologies daily,
and those who still do not have faith in them and think we are too distant from their use in clinical and research practice.
We are probably in a transitional phase; our mission is to find the best way for human intelligence, artificial intelligence
and other new technologies to create a hybrid healthcare model, to ensure that future generations can make the most
of this medical technology revolution.

The aim of this paper is to highlight the ongoing modification of the pyramid of evidence and to suggest a possible
future evolution of research, and subsequently clinical practice, with the introduction and implementation of Al and
new technologies.

2 Alintegration in pyramid of evidence: the construction of a 2D-Al-EBM

Medical practice heavily depends on the best evidence available in research; pyramid of evidence is well known, being
used traditionally in order to describe studies’ strength in terms of reliability, trustworthiness and reduction of bias
(Fig. 1a).

Evidence gains more and more strength as epidemiological accuracy and statistical precision increase, ascending
step by step until reaching the top [9].

Some necessary and important changes in the concept of the evidence pyramid are taking place with the introduc-
tion of Al in healthcare [10] (Fig. 1b).

For example, there have been great opportunities with respect to a case report with the advent of in silico studies.
With these studies, in fact, we can observe and evaluate the behavior and effects of certain molecules on an organism
created specifically through the application of Al. This gives the opportunity to carry out research with broad clinical
implications in a short time, with few resources, with infinite possibilities to change the starting point.

For example, Williams et al. in their silico study investigates the use of vancomycin in Intensive Care Unit by comparing
a newly developed dosing guideline with product-information-based dosing, using a pharmacokinetic model based on a
seriously ill patient population. In ninety-six simulations, the authors measured predefined therapeutic, subtherapeutic,
and toxicity pharmacokinetic-pharmacodynamic (PK-PD) targets. They found that guideline dosage was slightly more
effective than standard dosing, as per product information, in achieving PK-PD exposure associated with an increased
likelihood of effectiveness. Additionally, the first one significantly reduced the risk of subtherapeutic exposure. The
possibility of surpassing toxicity thresholds, however, was higher with the guidelines, and additional research is recom-
mended to enhance dosing precision and sensitivity [11].

With these various new research methods, it is also feasible to comprehensively examine the clinical hazard experi-
enced by a patient with specific traits and illnesses. Of course, all of this allows for a more personalized approach than
before. All this could change clinical-diagnostic behaviors in some areas where, for example, expert opinions or case
reports were the basis for therapeutic choice. An instance of this is Burlacu et al’s publication, where they emphasize
that antithrombotic treatments for advanced chronic kidney disease (CKD) patients with cardiovascular comorbidities
can be addressed by utilizing Machine Learning (LM) algorithms to create a new bleeding risk algorithm. This provides
more coherent data than singular case reports [6].

The application of these methods will not only be able to stratify risk and select optimal treatment pathways for
patients, but also improve treatment response and Quality of Life (QolL). In fact, predictive algorithms have been
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Fig. 1 Evidence pyramid metamorphosis in the era of disruption. a Traditional, 2D Pyramid of Evidence. Y-axis: scientific evidence quality;
X-axis: evidence amount. b The Pyramid of Evidence following Al implementation, 2D-AI-EBM; Y-axis: scientific evidence quality; X-axis:
evidence amount. ¢ The 3D-Al-Pyramid of Evidence, obtained with a binocular vision that allows depth perception; Y-axis: scientific evi-
dence quality; X-axis: evidence amount; Z-axis: efforts of implementation. d The enhanced, e3D-Al Pyramid of Evidence, that also analyze
the impact on clinical outcome. Y-axis: impact on clinical outcome; X-axis: evidence amount; Z-axis: efforts of implementation (Al Artificial
Intelligence)

developed to assess the risk of organ rejection in kidney transplantation to reduce its incidence [6] and thus to ensure

a better quality of life for patients.
Of course, implementation and validation models are necessary in order to assess the impact and feasibility of the
use of these technologies in daily clinical research and practice.
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3 Reconsider bi-dimensional view: the depth of scientific evidence

Clinical practice, and so pyramid of evidence, should not be seen today as just a bi-dimensional figure (Fig. 1c). To
have a 3D point-of-view, we need to have both our eyes working together: only in that way depth is perceived. On
the one hand we have the evidence, on the other we have the complexity of conducting a more hierarchical study.
This biocular vision thus gives rise to a three-dimensional pyramid. The peculiarity of 3D-view is to consider the
exponentially efforts made to ascend only by a single step, related to the organizational and technical issues.

The management of such huge databases and the ethical-legal issues involved is one of the main concerns [12]. In
fact, in many countries, aspects such as data protection or the management of multimedia clinical data have not yet
been covered by new specific legislation or the necessary amendments have not been made to existing legislation.

Alongside these, there are some technological and logistic problems: in some hospital or research’s structures are
not present all new devices or interconnection systems between departments and servers. Where these are available,
there must be adequate economic coverage to guarantee the management and maintenance of, for example, large
databases for clinical data collected in real time. In other situations, they cannot be used for a lack of an adequate
and performing internet line, leading to inequalities in access and use of these technologies. This results in upfront
costs that are not supported by evidence of a real cost-benéefit ratio, probably due to the lack of a consistent number
of studies analysing the cost-benefit and effectiveness of Al implementation in a real context [13].

Where technological availability is not a constraint, using such devices in daily work life may still pose an objective
challenge due to inadequate knowledge and unclear legislation, specifically in terms of responsibilities. For these
reason different International Society like the American Medical Association in USA and Royal College of Physicians
in Canada have recommended policies to integrate the use of Al and other new technologies into medical educa-
tional institutions [14].

Organizational challenges also arise due to the necessity of forming multidisciplinary teams consisting of data
scientists, engineers, healthcare professionals, which can be challenging to implement, particularly in rural regions
and countries with limited resources [12].

For all these elements, a two-dimensional pyramid, while accurate, does not fully capture the true essence of
each stage. Technical and organizational limitations should always be taken into account at every stage of scientific
research and the subsequent results into clinical practice.

4 Correlation between evidence quality and clinical outcome: an enhanced version
of 3D-pyramid

The 3D-pyramid of evidence constructed in this manner requires the creation of an "enhanced" version in order to
further augment its capabilities.

Each stage not only has a different volume and depth due to the efforts listed in the previous paragraph, but at
each level the impact on clinical activities is amplified (Fig. 1d). As the pyramid ascends, the clinical effect increases
gradually in direct relation to the size of each tier.

While the dissemination of artificial intelligence in the lower tiers of the pyramid has been easily accomplished, sig-
nificant endeavor is required to generate studies such as RCTs or meta-analyses that can truly facilitate the dissemina-
tion of artificial intelligence in daily practice. It should not be surprising that expert opinions and theoretical models are
much more numerous in literature than studies that aims to test Al tools with internal and external clinical validation.

There are several studies in the literature that, while reiterating the need for further research, express how the
use of Al can be correlated with improved clinical practice. Abramoff et al. [15] describe an Al-based autonomous
diagnostic system for the detection of diabetic retinopathy, which has passed Food and Drug Administration (FDA)
scrutiny and has the potential to enhance primary care by incorporating specialist aspects. Other authors, such as
Radenkovic et al. [3], on the other hand, point out a not insignificant aspect of clinical practice, namely the greater
amount of time the health care professional can devote to patient care as a result of the reduction in bureaucracy
required. Joshi et al. draw attention to how new technologies can reduce human error in the medical field, which
is seen as both an improvement in collective health and a better use of available resources [16]. For example, they
point out how mammogram reports integrated with biopsies can avoid up to 30 per cent of surgical procedures [17].
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However, further medical research is needed to evaluate Al and other emerging technologies to improve diagnostic
accuracy and clinical pathways for patients.

5 Conclusions and future directions

The pyramid remains incomplete without the integration of tools into clinical practice.

There are numerous key areas to focus on in order to achieve positive clinical outcomes.

Some of these include developing checklists to standardize the secure usage of Al [18], enacting ethical and privacy
laws, working in multidisciplinary teams and providing medical school staff training [17]. In the meantime, efforts are
to be made to produce high quality evidence supporting cost-benefits and cost-effectiveness of Al implementation in
clinical practice, allowing healthcare professionals to rely on a solid evidence base when applying Al tools in real-world
contexts.

Therefore, what do we do? Do we exclude these technologies? Do we discover how they can help us? After the first
reasonable doubts, we must learn to live with them to achieve the maximum benefits for our patients. Only with this
approach will it be possible to achieve truly personalized medicine based on each individual patient.

6 Coretip

e With the current technological revolution, evidence-based medicine is also changing.

e A progressive evolution of the evidence pyramid is proposed.

o Efforts are to be made in order to produce high quality evidence supporting cost-benefits and cost-effectiveness of
Alimplementation in clinical practice.
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