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Abstract
This paper presents the SRIS-HC – an Patient Electronic Medical Record System with support

for Content-based Image Retrieval, developed aiming at demonstrating the benefits of having the
ability of similarity retrieval over image datasets based on their contents, at the Clinical Hospital
of the Medical School of Ribeirao Preto of the University of Sao Paulo at Ribeirao Preto – Brazil
(the HCFMRP/USP). This ability is an additional resource developed over a PACS system,
intending to enable the improvement of medical diagnosis by images, as well as to provide a basis
to perform analysis of similar medical cases and bibliographic research over them. The SRIS-HC
was developed on top of the Radiology Information System (RIS) of the Radio-diagnosis
Laboratory of the HCFMRP/USP, which is in turn at the core of the Electronic Patient Record
System of the hospital.

1. Introduction

Nowadays the generation of data by hospitals and medical centers is increasing in a very fast
pace. This is mainly due to the facility to obtain and record the data from patients, what happens
mainly by the decreasing price of the computational equipments and image devices. Therefore, the
amount of images obtained by computerized radiography, CT, MRT and ultrasound among others,
makes the data management of the hospital a burdensome task. The major part of this increasing
volume of data is composed by images, so it is important to have systems specialized in the
organization and distribution of the images to the users, i.e., to the physicians and the radiologists
involved in the patient care.

With the introduction of the Picture Archival and Communication Systems (PACS) [1] [2], the
image management tasks in medical care units have gained a new direction, as PACS are used to
capture, store, distribute and display medical images. For diagnostic imaging applications, PACS
can be utilized to achieve a nearly filmless environment [3]. However, the organization of large
datasets of images, in a way that promotes an easy retrieval of them, requires additional tools.

Hospital Information Systems (HIS) can be broadly divided into two classes: Administrative and
Clinical. Administrative functions include room and services reservations, accountability for drugs
and supplies, billing, etc., and thedata structures deal mainly with numerical and textual information
used in the management of the hospital. Clinical functions are usually specialized to help physicians
in their day-to-day clinical practice. It includes information describing the physiological
characteristics of each patient, its medical historic and exams. Usually, clinical data stored in HIS
are also in numerical and textual format. Traditional database management systems are very



efficient dealing with this type of data.
Radiology departments stand apart from the other departments of a hospital, regarding the

requirements of the information systems they need to manage, because the exams provided are
always images. Therefore, Radiology Information Systems (RIS) should be specially tailored to
handle images, making heavy use of PACS to store their data [4].

As the information about a patient is spread in the HIS and RIS systems, a Patient Electronic
medical Record (PER) system aims at integrating all information about the clinical history of the
patients, trying to isolate administrative burdens, so that the medical information can be more easily
distributed among different medical institutions taking care of the same patient [5] [6]. Nowadays,
existing PER systems are restricted to store in digital media only textual and numerical medical
information, keeping the part of exams separated from the patient digital database [7].

However, allowing the integration of a PACS and a Radiology Information Systems to the HIS
can bring new perspectives into patient care and treatment, because all the information regarding the
medical life of the patients can be instantaneously available to the physicians in charge of them.
Therefore, experimental systems are already deployed in some leading medical centers. In these
systems, through the textual/numerical data of the PER, health professionals can retrieve every
information about the patient, including the images of the exams [8] [9, 10].

Nevertheless, the support that exists for images, even in PACS are beneath the support that exists
for textual/numeric data [11]. This is due as textual/numeric data can be used as a key for searching
the database, whereas images only can be retrieved based on external keys (textual/numeric
attributes) to which the images are linked to. Whereas using a medical image as a key to retrieve
one patient medical record is not a needed operation, the ability to retrieve exams based on the
similarity of their images is useful for a variety of operations [12] usually asked over exams based
on textual/numerical data, as for example: searching for similar medical cases to
compare/study/diagnose, statistical studies, decision support, cross-referencing, bibliographic
reports and documentation [13].

This paper presents a system that implements image similarity search in a HIS/RIS of a large
university hospital. The existing Patient Electronic medical Record (PER) management system was
therefore extended with an integrated Similarity Retrieval of Images System (SRIS), making it
possible to browse on all the patient data, enabling health care personnel to perform similarity
queries over the image exams of the patient. For example, “given the Jane Doe's abdomen X-Ray
taken on January 15th, 2003, retrieve the 10 most similar exams to it from the database”.
Therefore, using a HIS/RIS/SRIS integrated system, the physician can access not only the
description of the exams and patient’s information, but also to cross and compare the present
analysis done with similar cases already treated and stored in the database.

2. The similarity retrieval of images sub-system

The system presented herein is a SRIS called the SRIS-HC sub-system (the SRIS from the
Clinical Hospital - HC in Portuguese), which was developed as an extension of the HIS/RIS already
existing in this hospital, a large Brazilian university hospital of the University of São Paulo at
Ribeirão Preto. The resources of the original system were completely maintained, including the user
interface and the data structure of the existing patient PER management system. The HIS system
is the hub where every other sub-systems of the hospital departments are already integrated, so
attaching the SRIS sub-system to it make the RIS/SRIS available to every other sub-system.
Keeping the original structure of the user interface is important due to the training of the health care
personnel regarding the use of the system. Therefore, the existing operational procedures are
maintained, and the access to images can be progressively enabled just where it is needed, with the



gradual expansion of image support at each department.
The SRIS-HC sub-system was developed in C++ using the Borland C++Builder compiler,

accessing an Oracle 8i database manager. The three main phases of its development were the
definition of how to prepare the images to be stored, the definition of how to store the images in the
database, and the implementation of the software modules that define the SRIS-HC architecture.

The first phase in the development of the SRIS-HC started with the analysis of the images
gathered by the imaging equipment of the hospital. They are generated in the DICOM 3.0 format,
the standard format used nowadays to obtain, store and distribute medical images, by many
modalities of equipments, such as X-rays, CT and MR tomographies and ultrasound. DICOM files
are composed by one image and tags describing the image and the process used to obtain it. Tags
are textual or numerical sequences of <attribute, value> pairs. The set of tags enables images to be
self-contained, being autonomous objects, that can keep together the data describing the image, like
where, when and how it was obtained, as well as some data regarding the exam and patient. This
monolithic structure provides a strong support to maintain the integrity of the information as the
images are transferred from the image acquiring device to the storage media and to the many
analysis and viewing stations.

However, there are two problems when DICOM files are used in an HIS/RIS environment with
support to image similarity retrieval capabilities. The first problem originates from the fact that the
textual/numerical information contained in a PER system is stored separated from the images, and
therefore it must exist a way to link each image to its corresponding record in the PER system. The
second problem originates from the fact that a similarity search operation needs to scan the full set
of images to answer any given query.

The first problem must be addressed to automate the process of storing images in databases as
they are being generated by the medical exam device, to identifying the images in a unique and
understandable way, so that the link with the corresponding medical record can be maintained even
if the image is transferred to viewing workstations detached from the PER system. To solve this
problem, a protocol was developed to be followed by the medical staff of the hospital when a new
image is acquired, corresponding to the definition of the tag [(0008,0050) - Accession N umber] of
the DICOM format, that is made available in the images generated by every equipment of the
hospital. Although not mandatory by the DICOM specification, this tag can be (and was) used to
associate a unique identification to each generated image. A small application software, running
across the wholehospital information system generates this unique identification. As the acquisition
software of the imaging equipment does not enforce the definition of this tag, the medical staff was
trained to define it whenever a new image is generated. This operating protocol constitutes the first
phase of the development of the system: how to prepare the images to be stored.

The second problem was targeted in the second phase of the development of the SRIS-HC: the
definition of how to store the images in the database. As the similarity search operations need to
scan every image in the dataset, storing each image in a separated file turn out to be a rather slow
operation. Therefore, we opted to store each image inside the database, speeding up the whole
process. This procedure also assures a stronger consistence in the data, as the images are hold by
a relational database management system, and common problems likemoving the images to different
directories or renaming the files are not allowed.

However, the database management systems (DBMS) available from-the-shelf store and retrieve
images based on their numeric and textual description. Images are seen as large binary objects
(blobs), and no imageprocessing or image comparisons inside the databases are allowed. Therefore,
it is not possible to compare two images by their content using any commercial DBMS. However,
it is possible to integrate new facilities over DBMS to achieve this intent. That is, the DBMS can
be expanded with new software modules to perform content-based image retrieval and allow
answering similarity queries over medical images. Two types of similarity queries must be
supported by a SRIS subsystem: range queries, which retrieves every image that is similar to a given



Figure 1. Architecture of the SRIS-HC sub-system.

“image reference” up to a given similarity degree; and k-nearest neighbors, that retrieves the k
images most similar to the given “image reference.” Notice that every similarity query require a
reference image as part of it.

A software module was developed to act as a “DICOM handler” between the images stored in
DICOM files and the database. This handler opens a DICOM file already linked with a PER, and
extracts the image and every relevant tags in the images (such as the equipment that produced the
image, the time of the scanning, among others), storing them as a set of attributes, following a
predefined structure, that can be imported into the database. The image is stored in an image format
file as an attribute of type “blob”. Two formats are currently supported: jpeg and a proprietary
format, used in a local image processing system. The image and the attributes are then imported into
the database. It is required that each image already have the (0008,0050) tag defined. Thus the
images can be linked to the other patient information already stored in the database of the HIS/RIS.
The handler can also perform the opposite operation, exporting an image already stored inside the
database and its attributes, reconstructing the DICOM file, including the original tags stored in the
database, and also tags that describe the patient, obtained from the PER of the patient to whom the
image is linked to.

The third phase in the development of the SRIS-HC was the implementation of the software
modules that define the SRIS-HC architecture. This architecture is described in the next section.

3. The system architecture

The general architecture of the SRIS system includes six modules: (a) Image storing, (b) Feature
extraction, (c) Indexing, (d) Similarity query answering, (e) Image and exams visualization, and (f)
Statistics management. There are three main points of internal interaction: (1) through the database,
whereevery data in the system is maintained; (2) through theapplication programing interface (API)
of the similarity query answering module; and (3) through the API of the visualization module.
Figure 1 shows a schematic representation of the architecture of the SRIS-HC, and how it interacts
with the existing HIS/RIS system.

The data in the SRIS-HC architecture flows as will be detailed next. New images are submitted
to the image storing module, through the DICOM handler. This module stores every new image in
the database, linking it to the corresponding exam data, which must have been previously stored in
the database by the
ex is t ing H IS /RIS
system. For each new
image, the image storing
module makes a request
for the featureextraction
module to obtain the
image feature vector.
The feature vector is
then sent to the indexing
module, which links the
features with the image
stored in the database,
and includes the features
i n t h e i n d ex ing
structure. When the
images are already
stored, the system can



Figure 2. Screen shots of the SRIS-HC module. (a) Query
preparation. (b) Query answer.

answer similarity queries, which are posed through the similarity query answer module. Whenever
a similarity query is received, this module calls the feature extraction module to obtain the feature
vector of the query image, and requests the indexing module to find the images in the database that
are the answer for the posed query. It then calls the visualizer to display the resulting images. The
visualizer can also prepare the attributes of a image, so the image and its attributes can be submitted
to the DICOM handler, to be distributed to every existing workstation already prepared to support
this kind of data.

When an existing HIS sub-system is updated to support images, it is extend to interface with the
similarity query and visualizer modules. The extensions are intended to enable the visualization of
images the systems now recognize as part of the data they handle, and to enable the submission of
similarity queries from inside these sub-systems. The existing HIS/RIS access to the database
without modification, as the same existing data structures are maintained in the database. The new
structures are dealt only with the SRIS modules, so there are no conflicts that may require
implementation modifications in the existing sub-systems. However, the visualizer, statistics
manager and similarity query modules can alter the data in the portion of the database that is
accessed by the HIS/RIS sub-
systems, altering the data they
display in return from queries
they pose.

In the current version, the
features used by the SRIS-HC
to compare images are the
traditional color histogram
(considering only gray levels)
and the metric histogram [14].
To enable an efficient and fast
retrieval of images, the SRIS-
HC uses the Slim-tree [15], a
fast metric access method to
index very large sets of image
of the exams stored at the
system. The system was
developed in C++, using an
Oracle 8i database server.
Figure 2 shows two screen
shots of the SRIS-HC, The
first oneshows thepreparation
of a nearest-neighbors query
of images similar to the image
shown, and the second screen
shot shows the answer of this
query.

4. Conclusions

The present stage in the
support of images in existing
HIS/RIS systems enables just
the storage of images, and



their retrieval through linked data in textual/numerical format. The next step is the retrieval of
images based on their contents. This paper describes the prototype of a system that can perform the
retrieval of images through similarity queries based on their contents. This ability enables a better
usage of digitalized information to aid in health procedures, as searching for similar medical cases
to compare/study/diagnose, perform statistical studies, cross-referencing, bibliographic reports and
documentation. This system is running in the university hospital, and the results are very promising.

As a further development, the support to similarity queries can be extended to handle other types
of data, and not only images, for example, combining textual/numerical data with images, or even
just textual/numerical.
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