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Integrating computer-aided diagnosis tools into the picture
archiving and communication system*
Integrando ferramentas de auxílio ao diagnóstico no sistema de arquivamento e comunicação de imagens
Samuel Covas Salomão1, Paulo Mazzoncini de Azevedo Marques2

Abstract Objective: This paper presents a model for integration of computer-aided diagnosis algorithms into the picture archiving
and communication systems workflow that has been developed on the basis of the dcm4che2 open source toolkit.
Materials and Methods: The proposed integration model consists of an image processing server and communication
services. The data management follows the workflow defined by the post-processing workflow profile (PWF) developed
by Integrating the Healthcare Enterprise (IHE) and utilizes the DICOM secondary capture functionality. An application
for diffuse lung disease has been utilized as proof of concept. Results: Based on a cross validation method, the standard
classification algorithm presented 78% accuracy. The integration enables the visualization of processed images as a
new series in the original study. Conclusion: The proposed integration model is based on IHE profiles and allows the
establishment of standardized procedures. The principles used to integrate the workflow are applicable to any noninteractive post-processing task.
Keywords: Computer-aided image processing; Picture archiving and communication systems; DICOM secondary capture;
IHE.
Resumo Objetivo: Este artigo apresenta um modelo de integração de algoritmos de diagnóstico auxiliado por computador dentro
do fluxo de trabalho dos sistemas de gerenciamento de imagens, desenvolvido com base em um conjunto de ferramentas computacionais de código aberto e uso livre chamado dcm4che2. Materiais e Métodos: O modelo de integração é composto por um servidor de processamento de imagens e por serviços de comunicação. O gerenciamento
de dados segue o fluxo de trabalho definido pelo perfil de pós-processamento (PWF) do Integrating the Healthcare
Enterprise (IHE) e utiliza a funcionalidade de captura secundária do DICOM. Uma aplicação para lesões difusas de
pulmão foi utilizada para prova de conceito. Resultados: O algoritmo de classificação de padrões apresentou acurácia de 78%, com base em um método de teste de validação cruzada. A integração possibilita a visualização das imagens processadas como uma nova série dentro do estudo original. Conclusão: O modelo de integração proposto baseiase em perfis do IHE e permite o estabelecimento de procedimentos padronizados. Os princípios utilizados para integração do fluxo de trabalho são aplicáveis para qualquer tarefa não interativa de pós-processamento de imagens.
Unitermos: Processamento de imagens médicas; Sistemas de arquivamento e comunicação de imagens; Captura
secundária do DICOM; Perfis de integração do IHE.
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INTRODUCTION
The utilization of information systems
for the management of clinical images and
data started being more effectively studied
in the late 1980’s, with the increase in the
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cesses in hospitals(1). Until then, every
equipment was considered as being an isolated system, connected only to its own
workstation and a printer. However, the
increased utilization of data in digital format has led to the need for development of
a computational structure which allowed a
consistent and automatic exchange of images data in the hospital environment. The
PACS (picture archiving and communica-
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tion system) concept was developed to
meet such a need. It is an archiving and
communication system dedicated to imaging diagnosis that allows immediate access
to medical digital images from any sector
in a hospital(2). The PACS has quickly become the first option for the management
of images in the clinical and hospital environments and, together with the radiology
information system (RIS) and the hospital
information system (HIS), comprise the
basis for a filmless radiology service. A
fundamental aspect of the workflow in a
digital (filmless) radiology environment is
the guarantee of the consistency of the data
transmitted from one component to the
Radiol Bras. 2011 Nov/Dez;44(6):374–380
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next within the chain of events in the process dynamics. In order to guarantee such
a consistency, the information distribution
is carried out according to a hierarchical
structure which relies on a top-down distribution, i.e., the information is propagated
from a more general information system
(HIS) to an intermediate system (RIS), until
it reaches a more specific system (PACS).
In order to make that possible, two requirements must be met: an appropriate (redundant and balanced) network structure and
well defined communication standards. In
digital radiology, the main communication
standard is the DICOM (digital imaging
and communications in medicine) system(3). The DICOM is the global standard
for the transfer of radiological images and
other clinical data between computers. The
current DICOM, published in 1993 and
generally identified as 3.0, evolved from
previous versions of a standard developed
by the American College of Radiology
(ACR) in cooperation with the National
Electrical Manufacturers Association
(NEMA) of the United States of America
(ACR-NEMA 1.0, in 1985, and ACRNEMA 2.0, in 1988). The connectivity designed by the standard is very important
with respect to the cost/benefit ratio for
health services that utilize medical images.
The DICOM users can provide radiology
services between facilities located in different geographical regions, making use of
already available information technology
resources, while keeping costs down by
means of new apparatuses and systems
compatibility and interoperability(4).
Although technological developments
have allowed a more extensive diffusion of
image management systems in the medical
field over the last years in such a manner
that in some situations PACS is considered
as a simple commodity(5), in a model of
technological maturity(6) there are still
some aspects that deserve greater investigation and development. Issues related to
digital image acquisition processes(7), data
distribution, visualization(8) and interpretation(9) are still object of studies, particularly
with respect to economic aspects and the
utilization of freeware and open code(10,11)
computational solutions. One should also
highlight the integration of tools for aiding
in diagnosis into the workflow of image
Radiol Bras. 2011 Nov/Dez;44(6):374–380

management systems. Computer-aided diagnosis (CAD) can be defined as a diagnosis made by a radiologist who utilizes the
result from automated quantitative analyses of radiographic images as a second
opinion in the diagnostic decision making
process(12). The purpose of CAD is to improve accuracy in diagnosis, as well as the
consistency of radiological images interpretation, by utilizing the output from the
computer as a reference(13–15). Today, the
standard for the utilization of CAD systems
is still based on the model of a standalone
workstation, without the integration of the
obtained results with the information system or with the PACS. The integration of
image processing procedures into the
PACS workflow has recently been the object of research in the field of information
technology in medical imaging(13,16–18).
The present article describes a model for
the integration of diagnosis aid tools into
the image management environment with
the objective of optimizing the visual
analysis by the human observer (the radiologist) within the imaging diagnosis workflow. Such model has been developed with
an open-source toolkit called dcm4che2.
The data management follows the workflow defined by the post-processing workflow profile (PWF) of the Integrating the
Healthcare Enterprise (IHE) and utilizes
the DICOM secondary capture functionality. The dcm4che2 is an implementation of
the high-performance DICOM standard
developed in Java programming language,
which supports the IHE integration profiles
(http://www.dcm4che.org). The IHE is an
initiative of the Radiology Society of North
America (RSNA), aimed at promoting the
systems integration in the healthcare environment. The objective is to improve the
clinical practice efficiency and effectiveness by enhancing the data flow based on
communication standards. The IHE establishes a technical framework which defines
the way the standards are implemented in
order to meet the needs of the clinical practice. It utilizes three basic concepts: players, transactions and integration profiles.
The players are the functionalities that
make the communication between the systems. Transactions are the messages exchanged between the systems. Integration
profiles are groups of players and transac-

tions that comprise a specific workflow(3).
As a proof of concept, a system prototype
to aid in the differential diagnosis of diffuse lung lesions with computed tomography was integrated with the images management system of the imaging diagnosis
center of a hospital school.
MATERIALS AND METHODS
A computational testing environment
was built to validate the model of integration between the computer aided diagnosis system (CAD) and the medical images
management system (PACS). A locally developed computer code for classification of
diffuse lung lesions at high resolution computed tomography was selected to play the
role of a CAD solution. The selected medical images management system was the
DICOM Conquest server (CONQUEST,
2010), and for the visualization of the
CAD-PACS integration results, the medical image viewer K-PACS (K-PACS, 2010)
was utilized. All the apparatuses in the environment were connected to a 100 Mbit/s
local network (LAN).
Based on a number of software packages defined by the integration model, a
client computer code denominated ClientCAD was developed. Such a code acts as
an intermediate entity between the PACS
and the CAD, with the objective of integrating the two systems by means of the
DICOM communication protocol. The Client-CAD also comprises a software component known as i-CAD, especially utilized to change the serial number of medical images in the digital format(19). Also, in
a transparent manner, the Client-CAD provides interfaces that allow the coupling
with specific image processing modules for
other acquisition modalities, as shown on
Figure 1.
In the testing environment, the CAD
system was installed and ran on an individual computer with its own hardware and
software resources. In order to allow a direct connection between the CAD and the
PACS, the Client-CAD software was also
installed in this very computer. Once activated, the client periodically interacts with
the PACS through DICOM messages for
data query and image retrieval. For example, the DICOM C-Find message ex-
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Figure 1. Integration model architecture. Scheme presenting the integration model architecture and its
main components. The CAD applications communicate with the PACS server by means of communication services supplied by the client Client-CAD.

presses a query in a databank based on the
information comprised in the standard’s
data dictionary, and may or may not comprise filters to provide more specific results. In the case of the herein described
experiment, the client was configured to
query only computed tomography (CT)
studies, and the anatomic region of the
CHEST. Therefore, as the PACS server
receives a new chest HRCT study, the client requests to the PACS a copy of such
study by sending image search and retrieval
messages (query & retrieve). The retrieved
images are then processed one at a time by
the CAD system processing routine.
The CAD processing routine comprises
five steps as follows: pre-processing, segmentation, characteristics extraction, classification and post-processing. In the preprocessing, the image data (pixels) are extracted from the DICOM file. In the next
step, the lungs are segmented by means of
an interactive algorithm for image thresholding(20) and the resulting image is divided
into 20 × 20-pixel regions of interest
(ROIs). During the classification step, each
ROI is defined as belonging to one of the
seven approached interstitial lung lesion
classes as follows: normal, ground glass
attenuation, reticular, nodular, honeycombing, emphysema and consolidation. In the
post-processing step, each ROI receives a
color which identifies its characterization
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class and a new DICOM file is generated
with the results from the processing.
The CAD-PACS integration is completed as the client, by means of the i-CAD
software component, modifies the serial
number of the new DICOM file and sends
it back to the PACS server. Figure 2 depicts

the functioning principle of the ClientCAD code.
Based on the architecture of the client
operation, the first process denominated receptor represents an independent computer
code which implements a DICOM service
provider for images storage (storage service
class provider – CStore SCP). It starts running whenever the client requests a copy of
a given imaging study stored at PACS. For
each received image, the client invokes the
robot process that, on its turn, initiates the
CAD system image processing routine.
As the CAD routine is completed, the
robot locally stores the image resulting
from the processing and initiates the third
and last process, the transmitter. In this
stage, the i-CAD is utilized to change the
serial number of the processed image.
Completing the integration cycle, the transmitter sends DICOM messages for images
storage request (storage service class user
– CStore SCU) and sends the resulting image to the PACS server.
RESULTS
The experiment results are directly related to the development of the Client-

Figure 2. Client-CAD functioning scheme. Functioning principle of the Client-CAD module created with
basis on the CAD-PACS integration model. It illustrates the functioning of the receptor, robot and transmitter processes responsible for the processing and transmission of the CAD results to the PACS.
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CAD software and to the success of the
integration between the computer aided
diagnosis system (CAD) for diffuse lung
lesions and the medical images management system. The Client-CAD workflow
comprises four vital tasks which contributed to the integration success, as follows:
– query & retrieval: the client periodically queries the PACS server searching for
new imaging studies by sending DICOM
C-Find messages. The query is always performed by utilizing the data model for images query and retrieval at the study level
(study root query retrieve information
model FIND);
– CAD processing: Once received and
stored, the images are processed one at a
time by the CAD routine initiated by the
client. For each image, the processing result consists of a JPEG image which comprises relevant data that may be of assistance in the decision making by the radiologist;
– encapsulation: each resulting JPEG
image is encapsulated by the client in a
compatible DICOM format. Mandatory
data in the dictionary, such as patients’
identification and name, for example, are
copied from the original DICOM file. The
difference between the original file and the

encapsulated version lies on the way the
file is built. The encapsulated DICOM file
is encoded from a JPEG image and follows
the information model of the DICOM secondary capture image storage SOP class;
– transmission: the resulting image
transmission is performed by sending the
DICOM C-Store SCU message implemented on the client. Thus, when the PACS
server receives the encapsulated DICOM
file, the file manager stores its contents in
the same patient folder of the original file,
but within a new image series according to
the new serial number generated by the iCAD code.
Figure 3 presents the interface of the client Client-CAD code. It is possible to visualize several of the utilized parameters.
The fields on the left upper corner are utilized for the configuration of the DICOM
communication between the client and the
PACS server. Immediately below are the
fields that identify the PACS to be queried.
And below that, the last field establishes
the scheduling configurations for the
client’s queries and images retrieval.
In order to illustrate the CAD-PACS
communication, Figure 4 presents the interaction between the client and the PACS
Conquest Server. In the highlighted area

one visualizes an entity called “CLIENTCAD” requesting the storage of an image
resulting from the CAD processing. Once
the resulting images are correctly stored in
the PACS server, it is possible to visualize
the new series created by the CAD-PACS
integration on the display station. Figures
5 and 6 show the K-PACS viewer presenting examples of original image series side
beside the corresponding CAD system processed images.
DISCUSSION
The initial trials demonstrated a good
potential for the proposed model for CADPACS integration, but an important limitation respects the types of files utilized during the integration workflow. Currently,
DICOM and JPEG are the supported formats. Therefore, the integration model is
compatible with CAD applications that
provide JPEG images as a processing output. One should highlight that the DICOM
encapsulated JPEG image does not provide
the same diagnostic quality as the original
image, because of the format’s inherent
losses, and should therefore be utilized as
a complementary information in the decision making process based on the visual

Figure 3. Client-CAD interface. Client-CAD code. Interface for the configuration of the communication with the PACS server.
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Figure 4. DICOM Server interface. Conquest Server interface for the visualization of events and status. On the highlighted
area, the interaction between the server and the Client-CAD can be seen.

Figure 5. Updated list of study series. K-PACS viewer query interface. On the highlighted area, three new processed images
series after the CAD-PACS integration process completion.

inspection of the original images series. In
case the CAD is not capable of providing
the output in the JPEG format, a possible
solution would be capturing and encapsulating the image on the computer screen as
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the result is presented. Such a simple alternative, however, may in a certain way compromise the reading of results and impair
the data interpretation by the physician, due
to the various visual and text elements

present on the computer screen, which
comprise the captured image. In general,
the CAD systems do not always present
results only in the form of an image. It is
common to find quantitative data distribRadiol Bras. 2011 Nov/Dez;44(6):374–380
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Figure 6. Example of a display screen. K-PACS viewer module after CAD-PACS integration. The patient’s original images series are shown on the top. On the
bottom, the corresponding CAD processed images.

uted on worksheets, charts, HTML documents and even complete reports in PDF
file format. Such data are relevant and, if
integrated into the patient’s study in the
PACS server, may provide a valuable
source of information to assist the physician in the decision making process. Such
integration can be performed with methods
available at DICOM structured reporting
(SR), a new extension of the DICOM standard which establishes standards for encoding documents incorporating references for
medical images and related data, as well as
services for data transmission and exchange. An integration model based on the
properties of the DICOM-SR would be
more complete and would further allow
interactive activities of data retrieval, for
example, content based image retrieval
(CBIR).
The actual contribution of a diagnosis
aid tool depends on the synergy between
the professional and the tool. Such a synergic interaction does not generally occur
naturally, demanding user training and apRadiol Bras. 2011 Nov/Dez;44(6):374–380

propriateness of the computer solution. The
experiment herein described presents a
model of image processing tools integration that is transparent within the workflow
of a digital radiology environment. However the assessment of the effective contribution of the implemented solution as a
supporting tool for the decision making
process, based on observer tests for the
measurement of diagnostic accuracy was
not comprised by the scope of the investigation in the present study.
CONCLUSION
With the massive dissemination of digital apparatuses for the acquisition of medical images, together with the adoption of
data management solutions (PACS), the
existence of imaging diagnosis centers
working under the filmless radiology
model has become increasingly common.
In a filmless environment, the images are
stored and distributed according to the
DICOM standard functionalities. The im-

age processing with a view on computer
aided diagnosis has been a relevant research field over the last years, with commercial solutions being introduced with the
approval for clinical use by the Food and
Drug Administration (FDA). In this context, the possibility of integrating tools for
diagnosis aid in the environment of medical images management can contribute to
optimize the activity of the specialist physician, allowing access to computer data in
a transparent and integrated manner. The
present article describes an integration
model developed on the basis of freeware
DICOM libraries. In spite of being focused
on the aid in the differential diagnosis of
diffuse pulmonary lesions at computed tomography, the implemented framework
can be easily extended to other automatic
computer applications which do not require
interaction with the users. Such extension
to other applications would essentially depend on the image processing routine appropriateness to the new area, according to
their complexity and standard variations.
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