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Abstract 
Health information systems are the basis of eHealth at regional and national 
levels. They provide the maintenance of traditional medical documents in 
outpatient clinics and hospitals in electronic form. At the same time, specia-
lized registries are monitoring systems for the health status of people with 
certain diseases. However, the creation of registers as independent informa-
tion systems, which takes place to this day, is now inadvisable, since the ne-
cessary information can be obtained from the Electronic Healthcare Record/ 
Electronic Medical Record. In this case, specialized registers are implemented 
as virtual systems of a temporary or permanent type. Regarding patient regis-
ters, they integrate data from electronic medical records and information 
from patients or their relatives.  

Keywords 
Modular Principle of Construction of Electronic Healthcare Records, 
Specialized Registers, Virtual Registers, eHealth  

1. Introduction

The dilemma of the current situation is the independent implementation and 
functioning of national/regional health information systems (HIS), containing 
the data of all people living in a certain territory (geographically) and specialized 
registers for certain populations. This creates additional difficulties for an inte-
grated analysis of patients’ health status. In addition, the same person can be in-
cluded in several registers (for example, if there is a congenital pathology in the 
child, information about it should be recorded in the register of congenital mal-
formations and in the register of disabled persons). But in this case, the postulate 
of a single entry of data is violated and the burden on medical personnel is in-
creased when data is entered. 
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Recommendations on the principles of building large regional and national 
systems are developed without taking into account the requirements for specia-
lized registers for various purposes. At the same time, the number of registers 
created in the world for various purposes is constantly increasing. They include 
rare diseases, treatment problems, mortality and many others [1] [2] [3] [4] [5]. 
Personal health and social data registers focused on the early detection of risk 
factors and the prevention of the bad for the health effects are also being increa-
singly used, including in Russia [6]. It is necessary to pay more attention to the 
exchange with registers of genetic information characteristic of certain diseases. 
The ClinGen Allele Registry addresses this problem by providing: 1) globally 
unique “canonical” variant identifiers (CAids); 2) access to variant-identifying 
information in a searchable registry; 3) links to allele-related records in many 
commonly used databases [7]. 

The purpose of this study was the problem of the formation of various regis-
ters on the basis of information accumulated during the life of an individual in 
the HIS. For this, it is proposed to use the modular principle of electronic medi-
cal records with the assignment of a permanent personal identifier at birth. At 
the same time, it is supposed to exchange with the personal medical records of 
people, the data in which come directly from patients or parents. This approach 
significantly reduces the time for register formation and provides more complete 
and high quality data in the registers. An important aspect can be considered the 
creation of national registries of rare diseases and their integration into higher 
level registers (European, American, Asian, international), which is especially 
important for the prevalence and diagnosis at a very low frequency of individual 
diseases and for the identification of new clinical forms of diseases. The novelty 
of the presented research lies in the automatic generation of various registers 
based on modules from Electronic Healthcare Record (EHR) data, which will 
speed up the quality of data exchange with HIS. In this case, specialized registers 
will be presented as virtual systems for solving problems in certain areas of 
medicine. If necessary, additional information, which is not available in standard 
EHRs, satellites medical or medical-social maps, including necessary informa-
tion (for example, pedigrees and results of genetic studies, treatment methods in 
intensive care units, information on occupational hazards, etc.).  

Thus, a fundamentally important difference in the formation of new 
HER/EMR and registers should be a modular principle of their construction. 
This will increase the speed of cross-border data exchange in the provision of 
medical care, including in emergency situations. Modules whose information 
does not matter at a certain age can be archived. In this case, the load on the 
search for the necessary information in the databases of regional and national 
systems will be reduced. At the same time, it will allow reforming and creating 
specialized registers based on the exchange of necessary modules, including not 
only with HIS, but also with personal registers, including those focused on the 
problem health optimization. This saves the time of physicians in the formation 
of a database of new registers. At the same time, the creation of registers for new 
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areas will be possible with a significant reduction in time and labor costs for 
their development. 

The subsequent presentation will provide an insight into the proposed struc-
ture of the interrelationships of electronic health records and registers, as well as 
the particularities and application of specialized registers in the modern eHealth 
system. The modular principle of building registers and automatically supported 
monitoring of the state of patients' health, data about which are contained in the 
databases of registers, are considered in detail. 

Modular principle of construction of information medical systems 
The unified concept of building national and regional information systems 

and specialized police registers for all levels of healthcare should imply the use of 
modular technology in eHealth [8] in a person-centred integration of the pa-
tient’s lifetime medical data, which will be provided by patient-focused, pa-
tient-active and patient-confidential healthcare [9]. By a module we mean a 
standardized information structure that includes a fixed list of parameters. The 
module can contain attached text files and medical images. This approach in-
volves the use of central (“metasystem”) modules common to all health informa-
tion systems (questionnaire, vital data, preventive vaccinations, transferable dis-
eases, etc.) in combination with “intrasystem” modules for displaying a variety 
of information specific to various diseases and groups of the population (preg-
nant, neonatal period of life, occupational pathology, the course of certain dis-
eases, etc.).  

One of the most important “metasystem” modules, without which it is im-
possible to implement a person-centred approach and the construction of the 
Connected Healthcare Framework in the future, is the module of personal iden-
tifiers (PID) of the population, including the place of birth with names of par-
ents. PID, formed in one way or another and assigned from birth, will ensure the 
subsequent integration of any medical information of the individual. The value 
of the module containing the unique personal identifier was shown in the UK’s 
National Programme for IT [10]. This approach will allow the integration of all 
medical records and primary visual results of the research into a person, carried 
out in various organizations. At the same time, it will facilitate the collection of 
genealogical information necessary to determine the risk of hereditary predispo-
sition to diseases. 

A key component of eHealth is the Electronic Healthcare Record (EHR) or 
Healthcard [11], filled in from birth and updated by every medical organization 
that monitors, examines and treats a patient during his lifetime. With regard to 
in-system specialized modules that provide differentiation of information in the 
Electronic Healthcare Record/Electronic Medical Record (EMR), it is important 
to note the importance of their one-type structuring, which will allow rapid ex-
change of necessary data fragments on request. With the uniform principle of 
building EHR modules based on standards and classifiers of medical terms, con-
fidence in the software product for medical workers will increase. At the same 
time, this will allow emergency medical teams and Disaster Medicine doctors to 
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promptly access the necessary information stored in the integrated EHR in the 
format of individual modules. 

The basic module of the EHR/EMR should contain information that is neces-
sary for all physicians to access for examination and treatment in any situation. 
This information includes chronic diseases and certain acute diseases (myocar-
dial infarction, hepatitis and others), vital characteristics and regular medica-
tions, as well as the results of fundamentally important studies. Satellite modules 
should be designed for displaying specific information about different condi-
tions and diseases (pregnancy, occupational pathology, the course of certain 
chronic diseases, etc.) and particular treatments (chemotherapy, intensive 
treatment, etc.) as well as for storage of radiology images, etc. As certain infor-
mation is age-dependent, personal medical data critical in early childhood loses 
its relevance after a certain point in time. The same happens with some of the 
information about acute diseases and injuries. Therefore, it seems expedient to 
create satellite EMRs in separate areas, some of which can be archived at a cer-
tain time, although this does not preclude their availability for viewing if neces-
sary [8]. 

Satellite modules should also be provided for self-recording by citizens of in-
formation about their health and their children’s health (development, nutrition, 
emotional state, stressful situations, physical training, etc.). In more detail, these 
issues will be discussed in the section on registers. 

Basic and satellite EMR in conjunction with the Electronic Patient Record 
(EPR) or the Personal Healthcare Record/Patient Health Record (PHR) [12] is 
the basis for detecting minimal deviations in the health status of patients, for 
identifying primary manifestations of chronic diseases. The theoretical basis for 
this is the concept of the continuum of transitional states of the organism, sug-
gesting an almost continuous process with no clear boundaries to the stages: the 
norm of the reaction—the functional deviations—the border states—the chronic 
diseases [13]. 

When creating a modular EMR structure, only necessary modules can be rep-
licated from a central (or regional) server to local servers or the personal com-
puters of medical organizations. This will allow any doctor to request and re-
ceive exactly the information he needs at the moment, in his field, brought to-
gether on the basis of observation of the patient at different times in different 
medical organizations for a certain pathology (for example, a cardiologist has no 
need for detailed information in the field of urology). At the same time, all in-
formation about the transferred and existing chronic diseases can be viewed (re-
ceived) from a single module “Diagnoses”. 

The modular principle of EMR construction will allow, if necessary, the for-
mation of regional and national information medical subsystems on the basis of 
only those modules that are necessary for monitoring the state of health of a 
certain contingency (for example, in environmental or man-made disasters), 
generating various reports and making managerial decisions. Modules contain-
ing current clinical manifestations of diseases will be stored in HIS databases or 
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regional Cloud Optimized Storage and Computing. 
This approach will ensure: 

− Authorized access by medical workers to the necessary EMR/EHR modules 
and medical images (MRI, ultrasound, etc.) in accordance with their func-
tions, on the basis of the role model of access control, including on-line use 
for obtaining a second opinion; 

− The opportunity for citizens to have modules for personal monitoring of 
their health status and fixing self-directed health-improving/corrective 
measures (with authorized access by the attending physicians to the patient’s 
personal modules). 

2. Registers in eHealth 

Clinical registries are recognized as a key element of health informatization [14]; 
they are the most accurate and convenient method for monitoring the quality of 
care and benchmarking. Rare disease registries are a priority at European level 
and specific actions are being implemented by the European Commission to 
support their development. For example, in Italy, a National Registry of rare 
diseases has been established as a network of regional registries [15]. The Joint 
Declaration EURORDIS-NORD-CORD formulates ten Key Principles of Rare 
Disease Patient Registries [16]. Among these principles, in the context of this ar-
ticle, the following recommendations consider: 1) covering, if possible, broad 
geographic regions, register interaction, 2) using a set of common uniform ele-
ments, 3) including data from patients, along with those received from doctors. 
It should be noted that, for example, the national American data system for 
burns includes information on emergency care for burned patients were used to 
establish standards of care for burned patients and to indicate the methods used 
by more successful hospitals [17]. A similar principle of integration and data 
exchange forms the register of acute coronary syndromes of the European Car-
diological Society [18]. In a study conducted in the United States examines in 
detail the various aspects of the design and use of registers, focusing on the study 
of the efficacy and safety of medicines in their long-term use in wide-ranging 
trials [19]. Researchers pay attention to the analysis of the appropriateness and 
safety of medications, based on the information accumulated in the registers on 
their use. 

Figure 1 shows a register circuit that can be formed from EMR modules and 
data input by individuals. Users of such a register are both doctors and patients. 
In specific cases, certain modules may be omitted from the register.  

On this basis, a single global register network for different diseases can be 
created, which was barely realized in practice when creating autonomously func-
tioning problem-oriented registers formed independently of EMR. Our pro-
posed solution allows us to combine any data, similar to the Treat-NMD register 
system launched in early 2007 for neuromuscular diseases [20]. As noted by the 
author, this may allow us to understand similar processes and their correlation 
with the results of treatment of patients. 
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Figure 1. Typical scheme of a modular register. 
 

Systems that monitor the effectiveness of treatment involves applying them 
both to individual medical organizations and integrating data useful to a com-
munity of doctors using similar therapies. It is also necessary for research pur-
poses in relation to rare diseases that are impossible or difficult to treat within 
the same institution. This, for example, was noted by the so-called global register 
of patients with type II mucopolysaccharidosis [21]. The authors note the im-
portance of monitoring the safety and efficacy of enzyme therapy, with the pos-
sibility of referring physicians to a central database that provides access to in-
formation from a large number of patients with mucopolysaccharidosis-II to 
better understand the long-term effects of specific therapy. The use of unified 
medical records, the data of which will be copied into a single register, is a con-
dition for maintaining a high degree of continuity in pathogenetic therapy. In 
Sweden, two mutually complementary spine pathology registries are used to 
compare the efficacy of treating degenerative vertebral disorders [22]. According 
to the authors, the further development of the system for collecting data on pa-
tients with this pathology will make it possible to better illuminate treatment in 
various clinical variants encountered in patients with these complex diseases.ith 
these complex diseases. 

3. Formation of Specialized Registers in the Framework of  
the Modular Concept of Building Information Systems 

The formation of specialized registers in the form of modular integration can be 
provided by sending copies of separate fragments of EMR from the regional 
Cloud Optimized Storage and Computing to the national data centre. The post-
ulated approach should provide for a transition to multilateral monitoring of in-
dividual health of people and dynamic analysis of the demographic situation 
(population monitoring) based on full information coming from health organi-
zations at all levels. 

Personal (police) registers for certain contingencies are needed not so much 
for statistical analysis, which can be carried out by forming the necessary sam-
ples in Cloud Optimized Storage and Computing at any level, but for monitoring 
families with hereditary and congenital diseases (genetic registers), persons in-
jured in technogenic catastrophes (ecopathological registers), for monitoring pa-
tients at risk of socially significant pathology and being on certain treatment 
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(oncological, cardiological, HIV/AIDS, etc. registers). The modular principle of 
HIS construction will make it possible to overcome the present “conflict” be-
tween horizontal (regional) systems and vertical (national) specialized registers 
by type of pathology or social group. 

In the technology of the modular architecture of electronic medical records, 
registers can be considered as functional or conditionally virtual specialized HIS. 
Their “assembly” will be performed in Cloud Optimized Storage and Computing 
at the appropriate level, based on the EMR and PHR data records for the current 
or selected time point (Figure 2). For newly created registers, it will be necessary 
to sample the necessary data from different EMR individuals with this pathology 
and/or, at the very least, create an additional satellite module EMR.  

Integration of the genealogical information modules is especially important. 
With the elements of pedigrees, EHR of individual family members should be 
linked. This will allow us to timely assess the risk of hereditary (monogenic, 
chromosomal) diseases and multifactorial diseases, and plan personalized pre-
ventive measures. In the long term it will allow uniting in uniform pedigrees in-
formation about the health of relatives living in different regions and countries.  

The new principle of the formation of specialized registers will allow fast res-
olution of the tasks of the medical and social plans for healthcare. An example of 
a system that works in this direction is the monitoring of immunization through 
the US regional and state registries by unidirectional links of immunization data 
from the EMR to the relevant registries [23]. Simultaneously, on this basis, it will 
be possible to carry out multicentre studies on large regional and national data 
sets (according to the type of the international register of deep brain stimulation 
in Parkinson's disease [24]). 
 

 
Figure 2. The movement of information in the system “EMR/HER-PHR-Cloud Opti-
mized Storage and Computing-Specialized personalized medical registers”. 
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4. Results 

The modular principle of building medical information systems is the basis for 
speeding up the creation of new or correction of existing registers. A significant 
part of the register system blocks in this case is already available in the HIS. Vir-
tual registers, provided they are generated using HIS modules, will be created 
and modified automatically in accordance with the proposed algorithms. This 
will prevent re-entry of data into registers. In quantitative terms, based on Rus-
sian data, this approach will reduce the amount of duplicate information input 
by 60% - 75%. These results are based on the analysis of information that is en-
tered into the Russian registers of congenital malformations, children with dis-
abilities and children with mucopolysaccharidoses of the first and second types 
receiving enzyme-substituting drugs. 

5. Discussion  

Many registers do not store data on the course of the pathological process. In 
this respect the opinion of M.I. Bellgard et al. [25], is that the bottleneck of reg-
isters is static, while continuous analysis of the data could help improve the 
health of patients. The uniformity and structure of clinical information is also 
required. This corresponds to the first step in using common tools for collecting 
comparable data on the type of a single set of elements for a European registra-
tion platform for patients with rare diseases [26]. The proposed system of uni-
form entering of information about patients promotes more complete informa-
tion, with the possible participation of patients and patient associations in the 
process of data registration. The same objective is served by the decision of the 
French Reference Centres for Orphan Diseases to unite under a single informa-
tion system called CEMARA [27]. According to American experts, full-scale ob-
servational data for cystic fibrosis, which can be regularly obtained from HER, 
are observational data is important for clinical research, quality improvement, 
and clinical management [1]. Similarly, the international public database and the 
Tourette International Syndrome Registry, when obtaining additional informa-
tion from electronic medical records, will help increase the efficiency and safety 
of deep brain stimulation in this disease [3]. 

At the European level [28] proposed using the basic minimum list of ele-
ments, which should become an obligatory data set for all European registers at 
the national level. Other data necessary for the health of each country for their 
specific purposes can be added in national registers. This approach is analogous 
to the modular principle of the formation of registers of various types discussed 
above, based on the extraction of unified standardized data from patient-oriented 
EHR and other data.  

The role of patients in taking care of their own health is being given increasing 
importance at present, various aspects of patient participation in the active pre-
vention of the development of diseases are being considered [29]. Personal sys-
tems for assessing the risk of disease and preventing their development are also 
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complemented by data from the EHR modules. This approach is also applied in 
Russia [30]. Thus, a modular approach to the construction of HIS and various 
specialized registers is becoming more widely used in medical practice. 

The problem of the death of young people (SDY) was the cause of creating a 
special register. Information can come from various sources, in particular, from 
electronic medical records. This will help identify risk factors for sudden death 
in the young. (SDY register objectives are to: 1) describe the incidence of SDY in 
the United States by using population-based surveillance; 2) compile data from 
SDY cases to create a resource of information and DNA samples for research; 3) 
encourage standardized approaches to investigation, autopsy, and categorization 
of SDY cases. The SDY case registry will provide valuable incidence data and will 
enhance understanding of the characteristics of SDY cases to inform the devel-
opment of targeted prevention efforts as part of health preservation system [31]. 

6. Conclusions 

On the basis of the unified concept of the modular construction of the 
EHR/EMR, a multi-level pyramid of the information space of a public health 
protection system can be created, where they can contribute information about 
the state of health from citizens or parents of children and children from a cer-
tain age. This will allow integrating the necessary modules to form permanently 
functioning or virtual specialized registers using any information previously en-
tered into the EMR. 

A new look at the formation of registers should include the integration of in-
formation from EHR, PHR and data of mHealth [32]. This will provide regular, 
objective information about the health of individuals, to monitor theirs by 
creating specialized medical registers.  
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