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Abstract. 2020 is not only the stage of intensive implementation of medical
informatization related policies, but also a key year for the further development
of regionalization of medical informatization projects. The medical community
data sharing technology using multi-source heterogeneous data fusion solves the
problem of different hospitals, different procedures, different database structures,
and information islands in each hospital. Through ETL technology, using the
SSIS tool in Microsoft SQL Server, a relatively standard data system is built for
the original information system of each hospital in the medical community group
to centrally convert, clean and transfer to a standardized data model to form a
data set: Patient Master Index (EMPI), Master Data Management (MDM), etc.,
to solve the problem of reducing repeated statistics and discrepancies in various
hospitals, improve data quality, complete interconnection and data sharing.
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1 Introduction

2020 is not only the stage of intensive implementation of policies related to medical
informatization, but also a key year for the further development of regionalization of
medical informatization projects [1]. In accordance with the overall planning of the
supporting implementation measures for the pilot program for further deepening the
comprehensive reform of public medical institutions in Changshu City (Changbanfa
[2018] No. 124), the city’s second hospital regional medical community was established
to promote the sharing of regional medical resources and provide the overall capabilities
and capabilities of the medical service system. Performance. The medical community
data sharing technologyusingmulti-source heterogeneous data fusion solves the problem
of different hospitals, different procedures, different database structures, and information
islands in each hospital [2–4]. In order to carry forward the advantages of medical
regional integration of the Second People’s Hospital of Changshu City, fully tap and
play the value of data, integrate the clinical data accumulated for many years into the
clinical data center (CDR), and plan to carry out a number of community service centers
and central health centers [4–6]. The data resource integration of the hospital realizes
the data resource sharing between the general hospital and community hospitals.
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2 Research Status

The ultimate goal of regional medical-oriented clinical data exchange is to solve the
two problems of information integration and data standardization. In order to solve the
various challenges faced by information system integration, promote the information
sharing and coordination of medical information systems, and provide integration solu-
tions between different subsystems, the North American Association of Radiological
Medicine and the American Association of Medical and Health Information and Man-
agement Systems established Medical in 1988 Institutional integration [7]. In North
America, organizations such as RSNA, HIMSS, and the American Heart Association
were responsible [8, 9]. The first five-year plan was formulated in 1999. Themain partic-
ipants include RSNA, HIMSS, California healthcare institute (CHI), etc. In Europe, IHE
is under the responsibility of the European Society of Radiology and the association of
the medical imaging industry [10]. The participants mainly include the Hospital Infor-
mation System Exhibition Organization, the French Radiological Society, the German-
Italian Radiological Society, and the Italian Radiological Society. In Asia, countries
such as Japan, South Korea, and Taiwan have participated in the IHE project. Taiwan
has conducted several IHE connection tests before this [11].

In China, there is still very little research and application of IHE, but it has gradually
entered this field. IHE China was established in Shanghai in 2007 [12, 13]. In order to
promote the popularization and promotion of IHE in China, the University of Shanghai
for Science and Technology undertakes the technical preparation and organization of
the test, and the first test was conducted in 2007. In 2008, the China Medical Equipment
Association also started testing work and conducted the first test in Beijing Tiantan
Hospital, including Mindray, General Medical, Siemens and other domestic and foreign
manufacturers [14].

In terms of clinical data exchange standardization, in the process of medical informa-
tionization, countries such as the United Kingdom, the United States, and France have
invested a lot ofmanpower andmaterial resources in standardizationwork [15, 16].Many
standards have been widely recognized and applied. For example, the international code
of diseases (ICD) standard coding is used in the classification of diseases and treatments;
ICD-9, ICD-10 and other standard codes are used in diseases and surgical operations;
Adopt systemized nomenclature of human and veterinary medicine (SNOMED) cod-
ing system in the electronic medical record system [17–19]. In addition, there are the
US medical and health information transmission and exchange standards (health level
seven, HL7), digital imaging and communications inmedicine (digital imaging and com-
munications in medicine, DICOM), and laboratory information system and inspection
equipment interface standards [20].
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3 Research Purpose

3.1 Purpose of Research and Application

(1) Solve the problem that the clinical information data cannot be effectively shared
due to the different hospital systems in the medical community; it can optimize the
continuity of the clinical data of the referred patients in the region and quickly view
the historical case data for efficiency, Quickly trace the patient’s entire treatment
process and disease development; integrate the clinical basic data unit in themedical
community, so as to more efficiently and conveniently trace the patient’s entire
treatment process and disease changes in the future [21, 22].

(2) Using the data center experience that has been initially established in Changshu
Second People’s Hospital, combining the actual situation of each hospital system
in the medical community, using the sharing technology of multi-source heteroge-
neous data fusion, they have accumulated a large number of years. Standardized
storage and classification of clinical data and operational data are used to improve
the medical quality and performance during the daily operation of the hospital, and
to make full use of existing data to improve the level of diagnosis and treatment in
the hospital [23].

(3) Use shareddata technology to further strengthen thequality of operational indicators
and data between hospitals in the medical community, integrate data, and provide
a basis for decision-making.

3.2 Characteristics of Multi-agency Data Fusion Model

(1) Overall characteristics
System construction considers the protection and utilization of existing IT invest-
ment, based on the existing business system, without affecting the original system,
to achieve seamless data and business connection between functions and the existing
business system. The specific performance is: ease of use: implement the principle
of end-user-oriented, establish a friendly user interface, make user operation simple
and intuitive; security: security is a necessary condition for effectiveness and usabil-
ity, and data cannot be lost due to various reasons. Or it may be illegally modified
to affect or even stop the development of hospital medical services. In addition to
hardware configuration measures, the security of the medical information system
should also be addressed in many aspects such as system operation mode, software
settings, rules and regulations; flexibility: the systemmust change accordingly with
changes in health policies and regulations, and full consideration must be given to
the system’s Flexibility, reasonable arrangement of system structure.

(2) Data characteristics
Data input: It must be formatted data, and use selective input as much as possible
to input it quickly and efficiently; Data statistics: Data statistics functions for all
selected items must be provided, so that users can freely choose and count freely;
Data backup: With data backup function, it can be divided into automatic timing
backup, automatic remote backup and manual operation backup; data authority:
data use authority function must be provided; data security: the system should
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provide a complete user authority data access system, and database backup and
different Provide scientific and reasonable security measures for machine backup
and recovery. See Fig. 1.
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Fig. 1. Data processing diagram of multi-institution data platform

(3) Function parameters

Clinical Data Center (CDR): the data accessed by the clinical data center, and the
organization of the access data is distinguished; hospital operation management: the
system needs to increase the organization selection function, which is convenient for
querying the indicators of the headquarters and community hospitals; switching insti-
tutions The function requires the authority control function, which can be conveniently
and quickly set up the authority; the main patient index EMPI: to identify patients from
multiple institutions, through the integration of EMPI numbers, it is convenient for other
systems to identify and display patients with different card numbers; patient 360 view:
Yes The medical information of multiple institutions is integrated to facilitate better
diagnosis and treatment by medical workers.
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4 Architecture Design

4.1 The Overall System Architecture is Divided into Five Levels

(1) Basic business layer: includingHIS,LIS, PACSandother business systems that have
been built by the member units of the medical community and various community
service centers. See Fig. 2.

(2) Platform data layer: build a hospital-wide integrated data center, including business
replication database and ODS, clinical data center (CDR), master data (MDM),
data warehouse (DW), the main focus of this layer construction includes data The
scientific organization of the domain model, the storage of high-quality data after
cleaning and conversion, the theme design of the data warehouse, and the design
of the data mart (including the data cube) model, etc.

(3) Platform service layer: Build the core service components of the hospital data
center. These services provide services for hospital data integration, data statistical
analysis, and platformconstruction for application layer data applications, including
UI engine, patient main index EMPI, etc.

(4) Platformapplication layer: The platformapplication layer is to provide hospital plat-
form users with key application systems based on the hospital data center and pro-
vide application support for other application systems. The project mainly includes
patient views, hospital operation management, scientific research applications, etc.

(5) Platform portal layer: establish single sign-on services to break the physical loca-
tion constraints of the platform, including manager portals, doctor portals, patient
portals, researchers portals, and public portals.
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Fig. 2. Layered schematic diagram of the overall system architecture
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4.2 Network Data Structure

Take Changshu Second People’s Hospital as the center, as shown in Fig. 3, each in the
region as branch points, through ETL technology to effectively centralize the clinical
data sets of each hospital, and establish a relatively standard data system for centralized
conversion, cleaning and transfer A data set is formed in a standardized data model to
effectively integrate regional internal data to serve the clinic.

Fig. 3. Schematic diagram of regional center network structure

5 Key Technologies

Using the current experience of establishing a small clinical data center in Changshu
Second People’s Hospital, a research method for data sharing based on multi-source
heterogeneous data fusion under the medical community has been established to solve
the different database structures of different procedures in different hospitals within the
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medical community. The problem of information isolation in various hospital systems.
Through ETL technology, using the SSIS tool in Microsoft SQL Server, the original
information system of each hospital in the medical community group, including hospi-
tal management information system (HIS), electronic medical record information sys-
tem (EMR), nursing information system (NIS), Laboratory information system (LIS),
medical image cataloging (PACS), etc. for data extraction, combined with the his table
structure to establish a relatively standard data system, centralized conversion, clean-
ing, and transfer to a standardized data model to form a data set: Patient main index
( EMPI), Master Data Management (MDM), etc., to solve the problem of reducing
repeated statistics and disagreements in various hospitals, and propose to target the five-
level application level of hospital electronic medical records, standardize integration to
build the big data of the medical community, and unify statistics Caliber, improve data
quality, complete interconnection and data sharing.

5.1 Data Model

(1) The data model should include the main business areas of the hospital and support
at least the following data queries. See Table 1, Table 2, and Table 3.

Table 1. Data model business areas

Field Patient Management
Domain

Cost Laboratory Domain

Structure Basic patient information
Registered information
Admission and admission
registration information
Diagnostic information
Admission information

Outpatient settlement
master record
Outpatient settlement
details
Inpatient settlement
master record
Inpatient settlement
details

Application registration
information
Specimen information
Clinical examination and
biochemical report
Microbiology report
Pathology report

(2) Data consolidation, including at least the following key dictionaries, hospital
identification, update time, import time, and time stamp. See Table 4.

5.2 Main Patient Index

The Patient Master Index Service (EMPI) uses unique algorithms and technologies
to create, search, and maintain the patient’s basic information index throughout the
hospital, which can intelligently assist medical staff in effectively searching for patients.
Medical institutions use the main index (EMPI) to identify, match, merge, and cancel
duplicate data, purify patient records, and use the main index to obtain a complete and
single patient view. EMPI will create a unique identifier for each patient and establish a
mapping between the identifiers of the medical records in the relevant system.
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Table 2. Data model business areas

Field Observation
Domain

Medical Record
Domain

Care Domain Surgical Domain

Structure Observation report
Vital signs
observation
information
Allergy information
observation
information

Medical Record
Home
Medical record
diagnosis
Medical record
surgery

Medical order
execution record
Care delivery
record

Surgical registration
Operation record
Surgical diagnosis
Surgical anesthesia
information
Postoperative
recovery
information
Surgery participants

Table 3. Data model business areas

Field Medical Order Domain Medical Record Field

Structure Outpatient drug
prescription
Outpatient examination
prescription
Outpatient inspection
prescription
Outpatient treatment
prescription
Outpatient surgery
prescription

Inpatient Drug Order
Hospital checkup
Inpatient examination
order
Hospital surgery doctor’s
order
Hospital care order
Hospital blood
transfusion order
Hospitalization
Hospital Meal Order

Medical record master data
Medical record segment
data
Medical record style data
Full-text index of medical
records
Unstructured medical
record data
Hospital outpatient
medical records

5.3 Master Data Management

Master data management MDM (Master Data Management) mainly stores dictionary
data stored in the hospital business system, as well as national standards, industry stan-
dards, landmarks, hospital departments, service units, service personnel, service items
and other custom data elements used in the hospital business.
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Table 4. Key dictionaries for data consolidation

Serial number Column name Data type length primary key Column
description

1 HospitalNo nvarchar(30) 30
√

Medical institution
code

2 HospitalName nvarchar(60) 60 Medical institution
name

3 PatientlD nvarchar(30) 30
√

Patient
identification

4 MedicalRecordNo nvarchar(30) 30 Medical record
number

5 PatientName nvarchar(60) 60 Patient name

6 PY nvarchar(60) 60 pinyin

7 Wb nvarchar(60) 60 Wubi

6 Summary

(1) Themedical community data sharing technology usingmulti-source heterogeneous
data fusion solves the problem of different hospitals, different procedures, different
database structures, and each hospital system information island.

(2) Medical community data collection uses ETL technology to collect, and the scal-
ability of the system can be realized through the database engine. Keep all data in
the database at all times, avoid data loading and export, thereby ensuring efficiency
and improving systemmonitorability. It is also possible to optimize the distribution
of data in parallel, and use the inherent functions of the database to optimize disk
I/O.

(3) It is proposed to organize the clinical data of patients with patients as the main
line, and store the clinical data of patients in a comprehensive, standard and unified
manner, which provides a unified platform support for the sharing of clinical data
of the medical community, and provides some applications of clinical data Also
laid a solid foundation.

(4) Through data sharing technology based on multi-source heterogeneous data fusion,
extract clinical quality-related data, improve the medical quality and performance
during the daily operation of the hospital, and improve the level of diagnosis and
treatment in the hospital.

(5) Throughmedical community research and practical application, thematuremedical
community data sharing technology and information big data company will be
promoted to other regionalmedical communities to better serve clinical and hospital
management.
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