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Abstract
Today, the health care system accumulates and concentrates colossal material on the information of patients who are at the doc-

tor's office, collected and accumulated from electronic medical records (EMR). The possibilities of EHR are not only enormous in 
clinical practice, but also have great potential for clinical research. 

EHRs are a unique database from which information for large research projects can be obtained using various methods and meth-
ods. 

One of the major application challenges for collaborative research in expanding the use of EMC are issues of semantic interoper-
ability, privacy, and security.

Currently, consensus and standards of international associations involved in the development of protocols for the use of EHR have 
been formed, which can provide the semantics of clinical information and semantic compatibility between different systems.

When using EMR in clinical trials, a basic rule should apply. EHR can combine data from clinical trials from different centers ac-
cording to the study protocol to allow identification of different study methods and different patient populations.

International standards for the interoperability of information structures published in recent years have made it possible to cre-
ate such management systems that have the ability to record and exchange data between different groups of patients and clinics.

With the help of the created systems, it becomes possible to eliminate complications when using various clinical languages and 
styles of documentation, as well as unfinished routine records.
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Recent decades of progress in healthcare information technol-
ogy have changed the way we provide care and the way we docu-
ment medical data. 

Currently, healthcare practice generates data exchange and 
stores a huge amount of patient-specific information [1,2] in elec-
tronic medical records (EMC) and auxiliary databases, in particu-

lar in genetic databases, or huge amounts of information obtained 
from studies of digital images. 

Clinical and observational clinical and prophylactic research 
centers are increasingly paying attention to repeated visits with 
the corresponding secondary use of clinically recorded data to op-
timize and effectiveness of disease prevention and treatment strat-
egies [3]. 
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In the ongoing studies, a comprehensive analysis of the clinic, 
concomitant diseases, stratification of patient risk, as well as the 
interaction of drugs from various clinical databases is carried out.

A serious factor for the successful use of available data in ongo-
ing research is the access, management and analysis of integrated 
patient data both within and between different functional areas.

For example, most clinical and basic research data is currently 
stored in disparate and separate systems, and it is often difficult for 
clinicians and researchers to access and share these data. Very of-
ten, much clinical and basic research data resides in disparate and 
separate systems that are often difficult for clinicians and research-
ers to access and share. In addition, ineffective workflow manage-
ment in clinics and research laboratories creates many barriers to 
decision making and evaluating results [4].

In this case, in search of rational grain and truth in these sets of 
information, various innovative methods are used [5].

There are various methods for obtaining data when conducting 
research projects.

For example, integrated EMC has some unique capabilities.

It is essential today to remove barriers to semantic interoper-
ability, privacy, and security in order to expand the use of EMC.

In 2011-2016 the largest project in this area was carried out 
EHR4CR (electronic medical record 4 clinical research) in which 
35 academic and 10 pharmaceutical companies, 11 hospitals in 
France, Germany, Poland, Switzerland and the UK participated with 
a budget of 16 million euros, sponsored by the European Commis-
sion as part of the Initiative on innovative drugs [6].

 The EHR4CR project has created a robust and ever-changing 
platform in which the EMC systems in full analogy with moral, set-
ting standards, in full compliance with the ethical, regulatory and 
protective requirements of each participating country.

The platform was securely connected to EMC hospital systems 
and clinical data repositories throughout Europe. 

One of the key aspects was that patient data never left the data-
base of connected hospitals.

EHR4CR showed that such a platform can significantly increase 
the efficiency of developing and conducting clinical trials, reduce 
time and costs, and most importantly, optimize assessment of 
protocol implementation, speed up patient recruitment, make re-
search more efficient, and increase research revenue.

What is a clinical trial?

There are many different types of research projects that are 
combined with the term “clinical research”. In particular, for ex-
ample, controlled clinical trials. 

This type of research is very important because thanks to them, 
there are opportunities for obtaining an evidence-based and effec-
tive database.

Often, research projects are not related to therapy, but study, 
for example, the natural course of diseases, diagnostic criteria, or 
study the role of genes in the development of diseases and their re-
lationship with the influence of various drugs. Some clinical stud-
ies relate to the health system with an analysis of the effectiveness 
of various organizational structures, including the provision of 
medical care and medical expenses.

Such studies require clinical records, as well as data that can be 
stored in various administrative databases for patient care or for 
reimbursing facilities.

Such clinical trials use structured and descriptive medical re-
cords from EMC, as well as from special laboratory databases, im-
age databases, genetic analysis databases, as they are in most cases 
stored in separate systems. Therefore, the creation of a new federal 
EMC paradigm will be an important tool for conducting interagen-
cy clinical research.

Some of the main sources of medical information that can be 
used for scientific research.

• Electronic medical record in one institution. Advantages. 
Simple management. Simple management. Full clinical con-
tent of structured and unstructured data. Semantics are the 
same for everyone. Disadvantages. Too few cases to conduct 
serious research. Sometimes there are no universal research 
methods.

• Specific disease registries at regional or national level (often 
referred to as quality registers). Advantages. Data is collect-
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ed from several institutions. Comparison of results and large 
samples is allowed. Well defined parameters data variables. 
Disadvantages. A limited and fixed dataset that is rarely de-
fined. In addition to the collected data, other data are not an-
alyzed. Sophisticated rights management. However, in some 
cases it is possible to transmit data from the EMC. Often dou-
ble registration: in the EMC and in the quality register.

• A specific research database system for a specific project 
(for example, a regulated clinical trial). Advantages. Very 
well-controlled data, including functions to provide support 
for the project process and its competent support. Disadvan-
tages. Expensively set up for one project. High probability of 
additional work for medical personnel, because data cannot 
be extracted from EMC, as well as data transfer from a screen 
or paper to a research electronic system

• Federal or integrated system of electronic medical records 
(IEMC) and special tools for research projects. Advantages. It 
is possible to include a large number of patients, especially 
with the participation of government agencies for conduct-
ing international studies. Disadvantages. Semantic compat-
ibility and agreement are difficult to manage.

What is now most often called EMC was created back in the 
1960s. It is interesting to note that many of the enthusiasts already 
understood the possibilities and importance of the transition from 
paper to electronic recording systems. 

Despite this, future progress of clinical information systems 
was mainly focused on center for improvement of administrative 
processes, for example, taking into account the use of expenses, al-
though recently the direct provision of clinical care. Unfortunately, 
early attempts to structure data entry were replaced by free text 
narration (letters, reports, and progress notes), mainly dictated by 
the doctor, sometimes using speech text support. 

The transition to EMC was far from uniform in different parts of 
the world and did not reflect general developments in the field of 
information technology. 

For example, in Scandinavia and the UK, electronic systems 
were first introduced in primary care clinics, while in other coun-
tries, the foundation was laid by university clinics based in large 
hospitals.

Although many countries and the world are still a long way off 
to stop using paper documents, but in recent years there have been 
revolutionary changes in digitalization that today in many coun-
tries almost 90% of all medical documents are digital. For example, 
a sharp increase in the use of EMC in the United States was mainly 
due to government financial incentives. An early analysis of doc-
tors' reports by Desroches CM. et al. on the adoption and ease of 
use of EMC, showed that “43.5% of doctors reported that they had 
a basic EMC, but 9.8% met the criteria for“ significant use”, i.e. few 
doctors could meet significant criteria for use, and as a result, the 
use of computerized systems was difficult” [7].

Despite the current EHR systems that support the needs of es-
tablished research today do not provide a sound basis for clinical 
research.

The effective use of EMC systems for clinical research requires 
a number of functions, which, unfortunately, are often missing. In 
addition, the collection of structured data requires functions to 
ensure the correctness, completeness and accuracy of data in EHR 
systems [8,9].

Equally important is the provision of safety systems in the EMC, 
with confidentiality, integrity and overall reliability, to meet the 
needs for high-quality scientific data [10-12] including regulated 
clinical trials, where recognized ethical and scientific quality re-
quirements for research [13]. Mechanisms are now needed that 
will not only ensure quality, but will also ensure that these EHR 
systems meet certain quality characteristics. 

Therefore, the certification of EMC is important to ensure its 
quality. High level of data refers to completeness, correctness, cor-
rectness, consistency, reliability and relevance [9,14].

Given the poor quality of many legacy EMC systems, it is not sur-
prising that their use in clinical trials is limited. But, some countries 
invest heavily in such registries. For example, Swedish research by 
Porter SC. et al. in which “quality registers” are observed, they col-
lect high-quality data, the analysis of which allows preparing inter-
national publications that significantly affect the development of 
medical science and practice” [15], which was demonstrated in the 
Swedish Heart Failure Register.
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EMC used for research usually always have a number of prob-
lems. First, EMC systems have markedly different repositories 
(server-storage), and secondly, the methods by which clinical in-
formation is entered into the database are radically different.

The use of EMR in clinical trials always implies the possibility 
of compatibility of input information in accordance with the accep-
tance criteria of the protocol, clinical trial data elements, EMS data 
for one purpose only, to ensure the identification of patient groups.

In the last years of this millennium, all the developments car-
ried out in the field of health informatics have been concentrated 
on developing approaches to combining heterogeneous electronic 
medical records with one single goal - the possibility of semantic 
interpretation [16].

The combined efforts of a variety of international associations 
that develop standards have led to the creation of standards for 
both the structure and semantics of clinical information, which 
could ensure semantic compatibility between different systems. At 
present, three main areas dominate at the international level.

Firstly, the recently approved standard ISO EN 13606, which is 
a common and comprehensive representation for the exchange of 
information on EMC between heterogeneous systems. The stan-
dard is intentionally very simple in order to minimize the burden 
on doctors, especially if it is associated with a display in or out of 
an intermediate view. It is ideal for extracting, transmitting and/
or displaying EMC data, including fine-grained parts of EMC [17].

Secondly, the open-EHR Foundation standard, which supports 
a specific model that meets the widest range of different patient-
level data usage options. Ideal for implementing an integrated EMC 
system as a persistence model. This standard can be seen as an ex-
tension of the formal standard ISO 13606 [18].

Thirdly, the HL7 Reference Information Model (RIM) and the 
HL7 Clinical Document Architecture (CDA HL7), which are de-
signed to “transmit a single clinical document as a message and are 
therefore ideally suited for a messaging environment in which ver-
sion 3 of HL7 is already used and for other purposes where a mes-
sage is required for one document at a time (for example, a sum-
mary of an extract)” [19].

All of these standards use a “semantic multi-level” approach to 
presenting the meaning of the clinical information they contain 
[20,21]:

• General reference information models that can represent the 
general characteristics of any clinical information, such as 
authorship and responsibilities, dates and times of observa-
tions, version control, access policies and digital signatures. 
It is important to note that these models require a related, 
reliable data type model, such as that defined in ISO 21090;

• More detailed clinical information structures (13606/open 
EHR archetypes and CDA HL7 templates) that reflect the 
documentation of specific details in EMC, such as breathing 
difficulties, heart sounds, echocardiogram, differential diag-
nosis or prescribing; [22] and

• Clinical terminology systems, such as the International Clas-
sification of Diseases (ICD) or SNOMED-CT, which provide a 
range of possible values   for each element in the information 
structure.

• The current Clinical Data Exchange Standards Consortium 
(CDISC) has created platform-independent standards that 
support the collection, exchange, submission to regulatory 
authorities, and subsequent archiving of clinical trial data.

For example, the published Protocol Presentation Model (PRM) 
and Study Design Model (SDM), which can assist in providing insti-
tutions with accurate, machine-readable, interchangeable descrip-
tions of their clinical trial plans [23].

Conclusion

EMCs have tremendous potential to support clinical research. 
However, to achieve this, there are a number of problems, and per-
haps soon regularly collected data in the EMC will be able to re-
place the traditional clinical trial workflows. Nevertheless, modern 
EMCs combined with a platform that supports semantic compat-
ibility can be used in clinical trials that go beyond a single institu-
tion. The European research initiative EHR4CR plays an important 
role in developing innovations to support federal clinical research 
based on the semantic integration of various EMC products be-
tween organizations. Consequently, advanced integrated EMCs can 
provide innovative solutions to advance medical care and revolu-
tionize clinical research.
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