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Integrating computer-aided diagnosis tools into the picture
archiving and communication system*

Integrando ferramentas de auxilio ao diagndstico no sistema de arquivamento e comunicagéo de imagens

Samuel Covas Salomao®, Paulo Mazzoncini de Azevedo Marques?

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 non-
interactive post-processing task.

Keywords: Computer-aided image processing; Picture archiving and communication systems; DICOM secondary capture;
IHE.

Objetivo: Este artigo apresenta um modelo de integragéo de algoritmos de diagndstico auxiliado por computador dentro
do fluxo de trabalho dos sistemas de gerenciamento de imagens, desenvolvido com base em um conjunto de ferra-
mentas computacionais de codigo aberto e uso livre chamado dcm4che2. Materiais e Métodos: O modelo de inte-
gragéo é composto por um servidor de processamento de imagens e por servicos de comunicagdo. O gerenciamento
de dados segue o fluxo de trabalho definido pelo perfil de pds-processamento (PWF) do Integrating the Healthcare
Enterprise (IHE) e utiliza a funcionalidade de captura secundaria do DICOM. Uma aplicagéo para lesoes difusas de
pulmao foi utilizada para prova de conceito. Resultados: O algoritmo de classificagédo de padrbes apresentou acura-
cia de 78%, com base em um método de teste de validagao cruzada. A integragdo possibilita a visualizagéo das ima-
gens processadas como uma nova série dentro do estudo original. Conclusao: O modelo de integragéo proposto baseia-
se em perfis do IHE e permite o estabelecimento de procedimentos padronizados. Os principios utilizados para inte-
gragéo do fluxo de trabalho sao aplicaveis para qualquer tarefa ndo interativa de pds-processamento de imagens.
Unitermos: Processamento de imagens médicas; Sistemas de arquivamento e comunicagéo de imagens; Captura
secundaria do DICOM; Perfis de integracdo 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
utilization of digital data acquisition pro-
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cesses in hospitals®. Until then, every
equipment was considered as being an iso-
lated system, connected only to its own
workstation and a printer. However, the
increased utilization of datain digital for-
mat has led to the need for devel opment of
acomputationa structure which allowed a
consistent and automatic exchange of im-
ages datain the hospital environment. The
PACS (picture archiving and communica-

Mailing Address: Dr. Paulo Mazzoncini de Azevedo Marques.
Departamento de Clinica Médica, FMRPUSP. Avenida Bandeiran-
tes, 3900, Monte Alegre. Ribeiréo Preto, SP, Brazil, 14049-900.
E-mail: pmarques@fmrp.usp.br

Received August 10, 2011. Accepted after revision October
24, 2011.

0100-3984 © Colégio Brasileiro de Radiologia e Diagndstico por Imagem

tion system) concept was developed to
meet such a need. It is an archiving and
communication system dedicated to imag-
ing diagnosisthat allowsimmediate access
to medical digital images from any sector
in a hospital®. The PACS has quickly be-
come the first option for the management
of imagesin the clinical and hospital envi-
ronments 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 thedata
transmitted from one component to the
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next within the chain of eventsin the pro-
cess dynamics. In order to guarantee such
aconsistency, the information distribution
is carried out according to a hierarchical
structure which relies on a top-down dis-
tribution, i.e., theinformation is propagated
from a more general information system
(HIS) toanintermediate system (RIS), until
it reaches a more specific system (PACS).
In order to makethat possible, two require-
ments must be met: an appropriate (redun-
dant 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) sys-
tem®. 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 devel oped
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 ACR-
NEMA 2.0, in 1988). The connectivity de-
signed by the standard is very important
with respect to the cost/benefit ratio for
health servicesthat utilize medical images.
The DICOM users can provide radiology
services between facilities located in dif-
ferent geographical regions, making use of
already available information technology
resources, while keeping costs down by
means of new apparatuses and systems
compatibility and interoperability®.
Although technological developments
have allowed amore extensive diffusion of
image management systemsin the medical
field over the last years in such a manner
that in some situations PACSis considered
as a smple commodity®, in a model of
technological maturity® there are still
some aspects that deserve greater investi-
gation and development. Issues related to
digital image acquisition processes'”, data
distribution, visualization® and interpreta-
tion® aretill object of studies, particularly
with respect to economic aspects and the
utilization of freeware and open code®™
computational solutions. One should also
highlight theintegration of toolsfor aiding
in diagnosis into the workflow of image
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management systems. Computer-aided di-
agnosis (CAD) can be defined as adiagno-
sis made by a radiologist who utilizes the
result from automated quantitative analy-
ses of radiographic images as a second
opinion in the diagnostic decision making
process™®. The purpose of CAD isto im-
prove accuracy in diagnosis, aswell asthe
consistency of radiological images inter-
pretation, by utilizing the output from the
computer as a reference!**%, 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 sys-
tem or with the PACS. The integration of
image processing procedures into the
PACS workflow has recently been the ob-
ject of research in the field of information
technology in medical imaging®16-18),
The present article describesamodel for
the integration of diagnosis aid tools into
the image management environment with
the objective of optimizing the visua
analysis by the human observer (the radi-
ologist) withintheimaging diagnosiswork-
flow. Such model has been devel oped with
an open-source toolkit called dcm4che2.
The data management follows the work-
flow defined by the post-processing work-
flow profile (PWF) of the Integrating the
Healthcare Enterprise (IHE) and utilizes
the DICOM secondary capture functional-
ity. The dcmd4che2 is an implementation of
the high-performance DICOM standard
developed in Java programming language,
which supportsthe 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 envi-
ronment. The objective is to improve the
clinical practice efficiency and effective-
ness by enhancing the data flow based on
communication standards. The IHE estab-
lishesatechnical framework which defines
the way the standards are implemented in
order to meet the needs of theclinical prac-
tice. It utilizes three basic concepts: play-
ers, transactions and integration profiles.
The players are the functionalities that
make the communication between the sys-
tems. Transactions are the messages ex-
changed between the systems. Integration
profiles are groups of players and transac-

tions that comprise a specific workflow®.
Asaproof of concept, a system prototype
to aid in the differential diagnosis of dif-
fuse lung lesions with computed tomogra-
phy was integrated with the images man-
agement system of the imaging diagnosis
center of a hospital school.

MATERIALSAND METHODS

A computational testing environment
was built to validate the model of integra-
tion between the computer aided diagno-
sis system (CAD) and the medical images
management system (PACS). A locally de-
veloped computer codefor classification of
diffuselung lesionsat high resolution com-
puted tomography was selected to play the
roleof aCAD solution. The selected medi-
cal images management system was the
DICOM Conquest server (CONQUEST,
2010), and for the visualization of the
CAD-PACS integration results, the medi-
cal imageviewer K-PACS (K-PACS, 2010)
was utilized. All the apparatuses in the en-
vironment were connected to a 100 Mbit/s
local network (LAN).

Based on a number of software pack-
ages defined by the integration model, a
client computer code denominated Client-
CAD was developed. Such a code acts as
an intermediate entity between the PACS
and the CAD, with the objective of inte-
grating the two systems by means of the
DICOM communication protocol. TheCli-
ent-CAD also comprises a software com-
ponent known as i-CAD, especially uti-
lized to change the serial number of medi-
cal imagesin the digital format™®. Also, in
atransparent manner, the Client-CAD pro-
vides interfaces that alow the coupling
with specificimage processing modulesfor
other acquisition modalities, as shown on
Figure 1.

In the testing environment, the CAD
system was installed and ran on an indi-
vidual computer withitsown hardware and
software resources. In order to allow a di-
rect connection between the CAD and the
PACS, the Client-CAD software was also
installed in this very computer. Once acti-
vated, the client periodically interactswith
the PACS through DICOM messages for
data query and image retrieval. For ex-
ample, 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 communica-

tion services supplied by the client Client-CAD.

presses aquery in adatabank based on the
information comprised in the standard’s
data dictionary, and may or may not com-
prise filters to provide more specific re-
sults. 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 anew chest HRCT study, the cli-
ent requests to the PACS a copy of such
study by sendingimage search and retrieva
messages (query & retrieve). Theretrieved
images are then processed one at atime by
the CAD system processing routine.

The CAD processing routine comprises
five steps as follows: pre-processing, seg-
mentation, characteristics extraction, clas-
sification and post-processing. In the pre-
processing, the image data (pixels) are ex-
tracted from the DICOM file. In the next
step, the lungs are segmented by means of
an interactive agorithm for image thresh-
olding® and theresulting imageisdivided
into 20 X 20-pixel regions of interest
(ROls). During the classification step, each
ROl is defined as belonging to one of the
seven approached interstitial lung lesion
classes as follows: normal, ground glass
attenuation, reticular, nodular, honeycomb-
ing, 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 com-
pleted astheclient, by means of thei-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 Client-
CAD code.

Based on the architecture of the client
operation, thefirst process denominated re-
ceptor represents an independent computer
code which implements a DICOM service
provider for images storage (storage service
classprovider — CStore SCP). It startsrun-
ning whenever the client requestsacopy of
agivenimaging study stored at PACS. For
each received image, the client invokesthe
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 theintegration cycle, thetrans-
mitter sends DICOM messages for images
storage request (storage service class user
— CStore SCU) and sends the resulting im-
age to the PACS server.

RESULTS

The experiment results are directly re-
lated to the development of the Client-
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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 trans-
mitter 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 manage-
ment system. The Client-CAD workflow
comprises four vital tasks which contrib-
uted to the integration success, asfollows:

—query & retrieval: theclient periodi-
cally queriesthe PACS server searching for
new imaging studies by sending DICOM
C-Find messages. The query isaways per-
formed by utilizing the data model for im-
ages query and retrieval at the study level
(study root query retrieve information
model FIND);

— CAD processing: Oncereceived and
stored, the images are processed one at a
time by the CAD routine initiated by the
client. For each image, the processing re-
sult consists of a JPEG image which com-
prises relevant data that may be of assis-
tance in the decision making by the radi-
ologist;

— 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 fileand the

encapsulated version lies on the way the
fileisbuilt. The encapsulated DICOM file
isencoded from aJPEG image and follows
the information model of the DICOM sec-
ondary capture image storage SOP class;

— transmission: the resulting image
transmission is performed by sending the
DICOM C-Store SCU message imple-
mented on theclient. Thus, whenthe PACS
server receives the encapsulated DICOM
file, the file manager stores its contentsin
the same patient folder of the origina file,
but within anew image series according to
the new serial number generated by the i-
CAD code.

Figure 3 presentstheinterface of thecli-
ent Client-CAD code. It is possible to vi-
sualize severa of the utilized parameters.
The fields on the |eft upper corner are uti-
lized for the configuration of the DICOM
communication between the client and the
PACS server. Immediately below are the
fieldsthat identify the PACSto 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 in-
teraction between the client and the PACS
Conquest Server. In the highlighted area

one visualizes an entity called “CLIENT-
CAD” 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 present-
ing examples of original image seriesside
beside the corresponding CAD system pro-
cessed images.

DISCUSSION

The initial trials demonstrated a good
potential for the proposed model for CAD-
PACS integration, but an important limita-
tion respects the types of files utilized dur-
ing the integration workflow. Currently,
DICOM and JPEG are the supported for-
mats. Therefore, the integration model is
compatible with CAD applications that
provide JPEG images as a processing out-
put. One should highlight that the DICOM
encapsulated JPEG image does not provide
the same diagnostic quality asthe original
image, because of the format’s inherent
losses, and should therefore be utilized as
a complementary information in the deci-
sion making process based on the visual
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Figure 3. Client-CAD interface. Client-CAD code. Interface for the configuration of the communication with the PACS server.

Radiol Bras. 2011 Nov/Dez;44(6):374-380

377



Salomao SC et al.

Confguain | naloton| M

CAD-PACS integration model

[} ConQuest DICOM server 1.4.15 - CONQUESTSRY1
] Known DICOM providers ] Browse database  Server status I Quety / Move !

[CONQUESTSRV1

Calling Application Title
Called Application T ﬁle

Caliing Apphcation Title :
Called Application Title :
[CONQUESTSRY1] A Context :

[CONOUESTSRV1
|

[recompress]: recompressed with mode = un (strip=0) _j
[CONQUESTSRV1] Wiritten file: C:\dicomserver\data\0106321_J\1.2.40.0.13.1.152.168.86.129.24152206.201001
UPACS THREAD 15: ENDED AT: ThuJan 14 17:50:58 2010

UPACS THREAD 15: TOTAL RUNNING TIME: 1 SECONDS

UPACS THREAD 16 STAHTEOAT Thu.lan‘ldn 17:5112 2010

"CLIENT-CAD
"CONQUESTSRV1

Application Context : 1.2.840.10008.3.1.1.1", PDU length: 16384

Presentation Cortext 0"1.2.840.10008.5.1.4.1.1.7" 1

Presentation Context 1'1.2.840.10008.5.1.4.1.1. ?“1

[recompress]: recompressed with mode = un (strip=0)

[CONQUESTSRV1] Wiitten file: C:\dicomserver\data\0106321_J41.2.40.0.13.1.192.168.86.129,24152206.201001
UPACS THREAD 16: ENDED AT: ThuJan 14 17:51:12 2010

UPACS THREAD 16: TOTAL RUNNING TIME: 0 SECONDS

UPACS THREAD 17: STARTED AT: TI'uJan‘M 17:51:26 2010

"CLIENT-CAD
"CONQUESTSRV1

*1.2.840.10008.3.1.1.1", POU Iength 16384

Presentation Context 0 *1.2.840.10008.5.1.4.1.1.7" 1

Presentation Context 1'1.2.840.10008.5.1.4.1.1.7"1

[recompress]): recompressed with mode = un (strip=0)

[CONQUESTSRV1] Wiitten file: C:-\dicomserver\data\0106321_J41.2.40.0.13.1.192.168.86.129.24152206. 201001
UPACS THREAD 17: ENDED AT: ThudJan 14 17:51:27 2010

UPACS THREAD 17: TOTAL RUNNING TIME: 1 SECONDS

UPAE:S THFIEAD 18 STAHTED&ImJanH 17:51:38 2010

Application Context : '"1.2.840,10008.3.1.1.1", PDU length: 16384

Presentation Context 0 '1.2.840.10008.5.1.4.1.1.7" 1

Presentation Context 1 '1.2.840.10008.5.1.4.1.1.7"1

[recompress] recompressed with mode = un [stip=0]

[CONQUESTSAV1] Wiitten file: C:\dicomserver\data\0106321_J\1.2.40.0.13.1.192.168.86.129.24152206. 201001
UPACS THREAD 18: ENDED AT: ThuJan 14 17:51:40 2010

UPACS THREAD 18: TOTAL RUNNING TIME: 1 SECONDS ;]

| 2

Kill and restart the server [

|

Create bug report [

I~ Debug log [more information) =]

[~ Use small fonts in log windows

Hide the server (as tray icon) [

Aboutthis sever |

Close the server [

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.

I Ll | 2l

% Provees £ont
il e ®
Bstn| @ 0@ Durisclien |@c |m | xpacs GRS mam

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 encapsu-
lating the image on the computer screen as
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theresult is presented. Such asimple alter-
native, however, may in acertain way com-
promise the reading of results and impair
thedatainterpretation 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 distrib-
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bottom, the corresponding CAD processed images.

uted on worksheets, charts, HTML docu-
ments 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 vauable
source of information to assist the physi-
cian in the decision making process. Such
integration can be performed with methods
available at DICOM structured reporting
(SR), anew extension of the DICOM stan-
dard which establishes standardsfor encod-
ing documentsincorporating referencesfor
medical imagesand related data, aswell as
services for data transmission and ex-
change. Anintegration 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 syn-
ergic interaction does not generally occur
naturally, demanding user training and ap-

Radiol Bras. 2011 Nov/Dez;44(6):374-380

propriateness of the computer solution. The
experiment herein described presents a
model of image processing tools integra-
tion that istransparent within theworkflow
of adigital radiology environment. How-
ever the assessment of the effective contri-
bution 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 investi-
gation in the present study.

CONCLUSION

With the massive dissemination of digi-
tal apparatuses for the acquisition of medi-
cal 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 afilmless 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 re-
search field over the last years, with com-
mercial solutionsbeing introduced with the
approval for clinica use by the Food and
Drug Administration (FDA). In this con-
text, the possibility of integrating tools for
diagnosis aid in the environment of medi-
cal images management can contribute to
optimize the activity of the specialist phy-
sician, alowing accessto computer datain
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 to-
mography, the implemented framework
can be easily extended to other automatic
computer applicationswhich do not require
interaction with the users. Such extension
to other applications would essentialy de-
pend on the image processing routine ap-
propriatenessto the new area, according to
their complexity and standard variations.
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