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Abstract - This paper presents an overview of the employed 
approaches for integrating patients data in hospital electronic 
health records systems. Three basic models of electronic 
health records (EHRs) and health information exchange 
systems are presented. The arguments for adoption of 
Personal healthcare systems and Tele-health monitoring 
systems approaches for integrating patient data in EHRs in 
Hospital information systems are discussed. 
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I. INTRODUCTION 

 
 The definition of e-health, as it is given in [1], is the 
application of information and communication technologies 
across the entire range of functions involved in the practice 
and delivery of healthcare. This includes a range of 
information such as patient’s medical records, billing and 
payment information, employees and hospital information. 
One of the recognized implementations of e-health today 
involves the use of the Internet for storing, accessing and 
modifying healthcare information. However, e-health is a 
much broader field covering digitization of many healthcare 
processes and tasks, resulting in new names such as e-
billing, e-payment, e-prescription, e-supply and e-records.  

In order to be able to provide optimal patient care, it 
seems essential to guarantee optimized information 
logistics, which means providing the right information, at 
the right time, in the right quality, quantity and form, to the 
right addressees and at the point of care [2]. 

The concept of electronic health records (EHRs) has been 
introduced in order to deal with these challenges [3, 4]. 
Following the definition from ISO/TR 20514, the term 
EHR is understood as: “a repository of information 
regarding the health status of a subject of care in computer 
processable form, stored and transmitted securely and 
accessible by multiple authorized users. It has a 
standardized or commonly agreed logical information 
model which is independent of EHR systems. Its primary 
purpose is the support of continuing, efficient and quality 
integrated health care and it contains information which is 
retrospective, concurrent and prospective” [5]. In this 
aspect it is important to estimate the process of patient data 
integration in EHRs in hospital information system (HIS).  
 In this paper an overview of the employed approaches for 
integrating patient data in hospital electronic health records 
systems is presented. 

 

II. MODELS OF EHRS 
 

Looking from the point of view on the Hospital 
Information System and Clinical Information Systems 
(CIS) concept, three principal models of EHRs and related 
database are often used: Basic EHR model, Centralized 
universal EHR model and Distributed universal EHR model 
[6]. In the basic model a centralized EHRs Database is 
developed in the hospital, while in the hospital clinics and 
departments only workstations and terminals are located. 
All information systems in clinics, laboratory, radiology 
and other departments are connected to the centralized 
EHRs Database and the patients’ data are accessible in the 
process of healthcare services – Fig. 1. 

 
Fig. 1. Basic EHR model 

 
The specific of the Centralized universal EHR model is 

the development of a national and a number of regional 
EHRs Databases, while the hospitals store only partial 
information for the patients – Fig. 2.  
 

 
Fig. 2. Centralized universal EHR model. 
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The complete patient EHRs are accessible thought HIS 
via the hospital gateway.  This model could be 
implemented only in case there are already established 
national standards for electronics patient records (EPRs) 
and EHRs.   

The Distributed universal EHR model, presented in 
Fig.3, allows more freedom in using different standards for 
EHRs, especially when the implementation of the Hospital 
Information System is based on service oriented 
architecture (SOA). Within this model the EHRs Database 
is distributed between hospitals and is accessible thought 
the information system of the corresponding hospital.  

 

 
 

Fig. 3. Distributed universal EHR model. 
   

It is desirable the three EHR models to use the imposed 
standards, in particular HL7, CEN TC 215 and ASTM E31 
[7], which describe the structure, the content, the 
compatibility and the relations of the documents in the 
EHRs. In this way, the main EHRs design problems such as 
the exchange of messages between the sub-systems in the 
EHRs, the presentation of messages and their objects, the 
used terminology and their description in the electronic 
dictionaries will be solved.  

Table 1 presents the basic characteristics of the above 
mentioned standards.   
 

TABLE 1. EHRS STANDARDS 
 HL7 CEN TC 215 ASTM E31 
Messaging HL7 V3 EVN 13606-4 ASTM E1238 
EHR Object 
Model 

No 
standard 

Partially: 
EVN 13606-1 
EVN 13606-2 

Partially: 
ASTM 1384 

Terminology LOINC 
SNOMED 
UMLS 
etc. 

No standard ICD9/ICD10 
SNOMED 
etc. 

 
Despite adherence to standards’ specifications some 

conflicts and incompatibilities are possible when unifying 
the HIS in the national EHRs system and its further 
integration to the European community level. For example: 

1. Utilization of different semantic models and schemas 
of the Databases; 

2. Utilization of different interfaces and different data 
interpretation; 

3. The information for the ones and the same primitives 
to be essentially different despite of the used standards.   

 
III. AUTOMATIC DATA INPUT IN EHRS 

 
A crucial problem faced in realization of EHRs in the 

hospital and clinical information systems is connected with 
the deferent sources for the data input. Hence, the sources 
of errors, as it is illustrated on Table 2 [7], are also different 
and with different probability.  One possible approach to 
reduce the influence of the wrong information in EHR is 
the utilization of special methods and techniques for 
extracting information from the EHRs. This approach is 
applicable especially for generalized survey of the related 
cases, scientific research, statistical processing, etc.  The 
other approach is to minimize the manual data input from 
laboratory examinations, image diagnostic, vital signs 
monitors or monitoring systems and to utilize the automatic 
data input from the medical devices.  

 
TABLE 2. DATA SOURCES AND ERROR SOURCES IN EPRS 

Electronic Patient Record 

Part of EPR Data Source Error source

Text Clinicians Human 

Numeric Laboratory tests, personal 
monitors and BSN Measurement

Image Image diagnostic 
instruments 

Measurement,

instrumental

Nomenclatures
Nomenclature codes "ICD-

10", lists of predefined 
values 

Human 

 
 On Fig. 4 the common models for automatic data input in 
EHRs in the hospitals, as they are described in [8], are 
presented. The data are generated from different medical 
devices for measurement and acquisition of biological 
parameters and images. According to the output data type 
the medical devices are classified in five groups with 
corresponding data formats and the communication 
protocols used: 
• Group А - medical devices that generate both 
Health Level 7 (HL7) text data and Portable Network 
Graphics (PNG) image files;  
• Group B – medical devices such as an ECG 
recorder, whose output is not an image, but rather, 
eXtensible Markup Language (XML) data;  
• Group C – medical devices whose outputs are 
printed on paper as texts, but the output is acquired as 
images by a Gateway PC;  
• Group D – medical devices whose store images as 
medical records and whose outputs are video files - 
Picture Archiving and Communication System (PACS);  
• Group E – medical devices whose output text files 
are sent through the RS232 port and stored directly into 
the interface servers. 
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Fig. 4. Classification of the medical devices and corresponding methods for interfacing to the EHRs in hospitals. 
 
The compatible data formats and the used communication 

protocols (TCP/IP or http) for the medical devices from 
group A and some models from group B allow direct 
automatic input of the patient data in the EHRs system. 
Whilst, the data format conversions are necessary with the 
older medical devices from group B and the devices from 
group C. The data should be converted in another format 
which is compatible with the EHRs system. With the 
medical devices from groups D and E, in addition to the 
data format conversion, the data transfer protocols and the 
communication protocols are transformed to be compatible 
with the EHRs system. Usually they are implemented by 
means of a Gateway or personal computers performing 
these functions (PC Gateway) [8]. In these cases the patient 
data are presented in a platform independent self-describing 
format, such as XML, and the software is realized by means 
of web services [9]. 

The functional scheme for data integration from the 
classified five groups of medical devices to a hospital or a 
clinical EHRs system is presented on Fig. 5. If the 
implementation of this universal functional scheme is based 
on service oriented architecture (SOA), any one of the three 
principal models of EHRs could be employed.  
 

 
 

Fig. 5. Functional scheme for data integration from the five groups 
of medical devices to the EHRs system. 

IV. AUTOMATIC DATA INPUT IN EHRS FROM 
PERSONAL HEALTHCARE SYSTEMS AND TELE-

HEALTH MONITORING SYSTEMS. 
 

The development of Personal Healthcare Systems (PHS) 
and Tele-health monitoring systems allows the health data 
of patients who are not in the hospitals to be integrated to 
the EHRs systems by means of automatic data input. The 
main functions of these two types of systems are the long-
term measurement, registration and monitoring of important 
physiological parameters of high-risk patients, patients with 
chronic diseases and elder people, outside the hospitals 
living in their every day environment. The development of 
PHS and Tele-health monitoring systems usually is based 
on three-tier architecture. A typical example for such 
architecture is illustrated on Fig.6. [10]. 

 
Fig. 6. Three-tier architecture of PHS and Tele-health monitoring 

systems. 
 

The first tier (TIER 1) comprises a set of biomedical 
sensors placed on, in (implanted) and around the patient 
body. The wireless body sensors network (WBSN) 
connects all sensors to the second tier (TIER 2) - the 
Personal monitor (Personal Server) or Gateway. It controls 
and coordinates the BSN, receives data for the measured 
physiological parameters, performs data processing and 
transmits the corresponding data to the remote medical 
server (TIER 3). The Personal monitor performs the first 
level of patient data processing as: normalization, filtration, 
data conversion in XML format, etc. Typically, the 
realization of Personal monitor is based on Smartphone, 
although the alternative approach is the employment of 
embedded systems which provides higher functionality. 
The third tier - medical server is responsible for the second 
level of data processing, data analyzing and data storage 
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[10].  Using PHS and Tele-health monitoring systems the 
high-risk patients or patients with chronic diseases are 
under continuous observation and the current values of their 
blood pressure, ECG signals, heart rate, respiration rate, 
body temperature, blood glucose level and some others are 
measured on a pre-defined time intervals. The values of 
these important physiological parameters are sent to the 
medical center where the corresponding actions from the 
healthcare service providers are initiated.  

The adoption of approaches used in development of PHS 
and Tele-health monitoring systems for integrating patient 
data in EHRs in hospital information systems (HIS) is 
proposed, giving promising perspectives and potential for 
immediate implementation. Employing the three-tier 
architecture a new sixth group of medical devices based on 
the concept of WBSNs for automatic data input in EHRs 
systems could be developed. Further, two approaches for 
realization of this idea are possible:  
• The first is concentrated to the second tier. The 

suggestion is to add more functionality in the Personal 
monitor to be able to prepare in XML format a message 
which contains patient data ready for automatic input in 
Hospital or Clinical EHRs system.   

• The second approach is concentrated to the third tier by 
adding one software module to the information system 
of medical center for automatic input of patient data in 
XML format to the corresponding EHRs system.   

The second approach is easier for immediate realization 
because usually the medical centers for personalized 
healthcare and monitoring of elder people keep in store 
partial electronic health records for the patients under 
observation.  Thus, it is necessary only to upgrade the 
corresponding information system by adding one software 
module for automatic data input in EHRs system.   

From the other point of view, the first approach is more 
perspective for further development looking toward the 
recent innovations in Cloud computing platforms and their 
pervasive spreading in tele-health monitoring, data sharing 
and Cloud-based EHRs (EHR integration and sharing) [11]. 
Through virtualization of the medical centers for 
personalized healthcare and observation of elder people, a 
larger integration of the patient data could be achieved   
using the advantages of the distributed universal EHR 
model.  This approach is more perspective also from the 
patient point of view, because the patients are not 
connected to the particular medical center and they have 
freedom for moving from one place to the other without 
restrictions.   

V. CONCLUSIONS 
In this paper an overview of the employed approaches in 

integrating patients data in hospital electronic health 
records systems is presented. The different models of EHRs 
and health information exchange systems are discussed. 

Nowadays, smart devices, mobile Internet and Cloud 
services contribute to the continuous and systematic 
innovations of healthcare and enable cost effective, 
efficient, timely and high-quality ubiquitous medical 
services. 

The future work will be concentrated to practical 
implementation of the first proposed approach for 

automatic patient data input from the personalized 
healthcare systems in the EHRs in Hospital and Clinical 
Information systems.  

ACKNOWLEDGMENTS 
The presented work is supported by National Science 

Fund of Bulgaria project “Modern approaches in the design 
of clinical information system for observation of pediatric 
surgery diseases. (PedSurgCIS)” under contract DVU-10- 
0100/2010 and within the framework of the contract № 
ИУНФ 14000. 

REFERENCES 
[1] Upkar Varshney. Pervasive Healthcare Computing: 
EMR/EHR, Wireless and Health Monitoring, Springer 2009, 
ISBN: 978-1-4419-02 -146. 
[2] Winter A, Haux R, Ammenwerth E, Brigl B, Hellrung N, Jahn 
F. Health Information Systems – Architectures and Strategies, 2nd 
ed., New York: Springer; 2010. 
[3] Bisbal J, Berry D. An Analysis Framework for Electronic 
Health Record Systems. Methods Inf Med  Prepublished 20.11. 
2009. doi: 10.3414/ME09-01-0002. 
[4] Waegemann P. Status Report 2002: Electronic Health 
Records. Boston: Medical Records Institute; 2002, 
www.mriint.com/uploadedFiles/MRILibrary/ StatusReport.pdf. 
[5] ISO – TC 215, ISO/TR 20514, Health informatics – Electronic 
health record – Definition, scope and context, Geneva 2005. 
[6] Shaker H. El-Sappagh, Samir El-Masri, A. M. Riad, 
Mohammed Elmogy, Electronic Health Record Data Model 
Optimized for Knowledge Discovery, IJCSI International Journal 
of Computer Science Issues, Vol. 9, Issue 5, No 1, September 
2012, ISSN: 1694-0814, pp. 329-338. 
[7] Nikolova, I., Deep learning architecture for data mining 
from surgical data, In Proc. of IEEE Conf. on Intelligent Systems, 
Jubilee 35thInternational Convention Mipro 2012, pp. 1179-1183, 
May 21-25, 2012, ISSN: 1847-3938. 
[8] Jong Soo Choi, Jean Hyoung Leea, Jong Hwan Parka, Han 
Seung Namc, Hyuknam Kwond, Dongsoo Kimb, Seung Woo 
Park. Design and implementation of a seamless and 
comprehensive integrated medical device interface system for 
outpatient electronic medical records in a general hospital, 
Elsevier International Journal of Medical Informatics, vol. 80, No. 
4, 2011, ISSN: 1386-5056, pp. 274-285.  
[9] Spasov Gr., G. Petrova. Electronic Health Records – Basic 
Models and Specifics, Annual Journal of Electronics, 2011, Vol. 5, 
pp. 64-67. 
[10] Mitko Shopov, Grisha Spasov, Galidia Petrova. Architectural 
models for realization of Web-based Personal Health Systems, 
ACM International Conference Proceeding Series; Vol. 433, 
Proceedings of CompSysTech’09, 2009, pp. III B. 5-1-6, Ruse 
2009, ISBN: 978-1-60558-986-2. 
[11] Omar Almutiry, Gary Wills, Abdulelah Alwabel, Richard 
Crowder and Robert Walters, Toward A Framework For Data 
Quality In Cloud-Based Health Information System, International 
Conference on information Society (i-Society), 2013, pp. 153 – 
157, INSPEC: 13858856.  
  
 
 
 


