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a  b  s  t  r  a  c  t

This  paper  describes  the  methodology  used  to  create  a  multimedia  collection  of  cases  with  interstitial
lung  diseases  (ILDs)  at the  University  Hospitals  of  Geneva.  The  dataset  contains  high-resolution  com-
puted  tomography  (HRCT)  image  series  with  three-dimensional  annotated  regions  of  pathological  lung
tissue  along  with  clinical  parameters  from  patients  with  pathologically  proven  diagnoses  of ILDs.  The
motivations  for this  work  is to palliate  the  lack of  publicly  available  collections  of  ILD  cases  to  serve  as  a
eywords:
nterstitial lung diseases

ultimedia database
igh-resolution computed tomography
omputer-aided diagnosis
ontent-based image retrieval

basis for  the  development  and  evaluation  of image-based  computerized  diagnostic  aid.  After  38  months
of  data  collection,  the  library  contains  128  patients  affected  with  one  of  the  13  histological  diagnoses  of
ILDs, 108  image  series  with  more  than  41  l  of  annotated  lung  tissue  patterns  as  well  as  a comprehensive
set  of 99  clinical  parameters  related  to  ILDs.  The  database  is  available  for research  on  request  and  after
signature  of  a  license  agreement.
ase-based retrieval

. Introduction

In order to understand the underlying mechanisms of groups of
iseases, the first requirement is to collect a sufficient number of
ases that are representative of the various realizations of the stud-
ed diseases. Moreover, the quality of the acquired data is a key for
arrying out non-biased evaluations of computer-aided diagnosis
CAD) systems. With the aim to enhance the disease therapy in
linical routine, the library of cases has to be as representative as
ossible of the hospital’s population, meaning that the cases have
o be chosen randomly among the entire population if possible.

These requirements are of high importance when building
mage-based computerized diagnostic aid based on medical image
rocessing [1,2]. A high-quality multimedia collection of cases con-
aining annotated image series and associated clinical parameters
s required to ensure the success of a CAD system at the time it will
e integrated into clinical routine [3].

On the one hand, the database constitutes a basis for developing
omputerized tools [4,5] such as automatic detection of abnormal
ulmonary tissue types in high-resolution computed tomography
Please cite this article in press as: Depeursinge A, et al. Building a referen
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

HRCT) images and retrieval of similar cases [6,7]. Detailed ground
ruth and a large number of cases allow to reliably evaluate and
ompare medical image processing algorithms for the defined tasks
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(i.e., benchmarks). Popular datasets such as Lena, Brodatz [8] or Iris1

allow to qualitatively and quantitatively evaluate a large number
of basic methods in image processing and machine learning and
thereby established a de facto reference dataset.The popularity of
these datasets is partly due to the fact that they reflect real-life
challenges thus offering more credibility of the obtained results
when compared to artificial datasets. It is also important that with
such publicly available data sets results can be reproduced by other
researchers and be compared to the state of the art, an important
requirement in science. On the other hand, such databases also cre-
ate opportunities for specialized studies and teaching. The cases
with confirmed diagnoses constitute a knowledge base that can be
used as diagnostic aid [9].  For instance, advanced browsing enabled
by content-based image retrieval (CBIR) or multimodal case-based
retrieval from large databases of cases with confirmed diagnoses
can be highly valuable for radiologists with little experience in the
domain [6,10,11]. In summary, a high-quality multimedia library
of cases is valuable for:

• teaching,
ce multimedia database for interstitial lung diseases. Comput Med

• specialized descriptive studies,
• training and testing pattern recognition techniques,
• retrieving similar cases as diagnostic aid,

1 http://archive.ics.uci.edu/ml/datasets/Iris/, as of 24 May  2011.

dx.doi.org/10.1016/j.compmedimag.2011.07.003
dx.doi.org/10.1016/j.compmedimag.2011.07.003
http://www.sciencedirect.com/science/journal/08956111
http://www.elsevier.com/locate/compmedimag
mailto:adrien.depeursinge@hevs.ch
http://archive.ics.uci.edu/ml/datasets/Iris/
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Table 1
The HRCT scanning protocol.

Slice thickness 1–2 mm
Spacing between slices 10–15 mm
Scan time 1–2 s
Lung shape Inspirium
Contrast agent None
Axial pixel matrix 512 × 512
ARTICLEMIG-1096; No. of Pages 12
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comparative performance analysis of medical image processing
methods (i.e., benchmarks [12]).

owever, the construction of a high-quality multimedia collection
f cases is extremely time-consuming and expensive. It is often

 bottleneck in studies on image-based CAD systems. The iden-
ification of the relevant cases, the consultation of the electronic
ealth record (EHR) and picture archiving and communication sys-
ems (PACS) to gather the clinical parameters and the image series,
he data entry as well as the database infrastructure and mainte-
ance involve a large amount of work with a wide range of skills

rom medical knowledge to information technology (IT) exper-
ise. To assess the high-quality of the data, several researchers
nd physicians have to be involved in the case selection process
nd the delineation of regions of interest (ROIs) to cope with the
nter- and intra-observer variabilities, the latter being particularly
mportant in radiology [13,14]. The agreement of the ethics com-

ittee has to be obtained before starting any investigations. The
atter constitutes the required justification to access content of
he EHR.

Depending on the studied diseases, cases are sometimes rare
nd are encountered casually even in large university hospi-
als. Incidentally, these diseases are the ones requiring reference
atabases to palliate the lack of experience due to their sparsity.
fforts from the European Union (EU) research programme came up
ith information technology (IT) infrastructures to cope with the
ifficulty of collecting rare cases with aneurysms in the AneurIST
roject2 [15]. Multimedia data from six clinical centers within
urope was gathered. Anonymization of the patient data as well
s images [16] is required as soon as the data leaves the medical
nstitution [17].

A major observation when studying the state-of-the-art of
exture-based CADs for lung tissue analysis in thin-section com-
uted tomography (CT) is the lack of statistical significance of the
easured performance as the CAD systems are most often evalu-

ted on a small number of cases [18]. In this paper, the steps for
uilding a multimedia database of cases with interstitial lung dis-
ases (ILDs) and the current content of the created database are
etailed. This database was  built in the context of the Talisman3

roject [19].

.1. Interstitial lung diseases

ILDs can be characterized by the gradual alteration of the lung
arenchyma leading to breathing dysfunction. They regroup more
han 150 histological diagnoses associated with disorders of the
ung parenchyma [20]. The factors and mechanisms of the disease
rocesses vary from one disease to another and the exact cause of
any ILDs is still unknown [20]. Physical examination of a patient

ffected by ILD is frequently abnormal but with unspecific find-
ngs. The diagnosis of these pathologies is established based on the
omplete history of the patient, a physical examination, laboratory
ests, pulmonary function testing (PFT) as well as visual findings on
hest X-ray.

Images play an important role for confirming the diagnosis and
atients may  not require surgical lung biopsy when the clinical and
adiographic impression is consistent with a safe diagnosis [21]. The
rst imaging examination used is the chest radiograph because of
Please cite this article in press as: Depeursinge A, et al. Building a refere
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

ts low cost and weak radiation exposure. It also provides a quick
verview of the entire chest. However, chest radiographs are nor-
al  in more than 10% of the patients with some forms of ILD and

2 http://www.cistib.upf.edu/aneurist1/, as of 24 May  2011.
3 TALISMAN: Texture Analysis of Lung ImageS for Medical diagnostic AssistaNce,
ttp://www.sim.hcuge.ch/medgift/01 Talisman EN.htm, as of 24 May  2011.
x,  y spacing 0.4–1 mm

can provide a confident diagnosis in only 23% of the cases with lung
diseases in general [22]. When the synthesis of this information
arouses suspicions toward an ILD, HRCT imaging of the chest is often
required to acquire a rapid and accurate visual assessment of the
lung tissue. Indeed, the three-dimensional form of HRCT data avoids
superposition of organs and provides an accurate assessment of
the patterns and distribution of the lung tissue with a submilli-
metric resolution. It quickly became the gold standard imaging
protocol for the diagnosis of diffuse pulmonary parenchymal
diseases.

The most common histological diagnoses of ILDs according to
[20,23] are detailed in Fig. 1. The associated lung tissue patterns in
HRCT are listed in Table 2.

1.1.1. High-resolution computed tomography of the lung
In 1972, the first commercial CT scanner created image series

with relatively low resolution of an 80 × 80 pixel matrix in each
axial slice. The numerical value of each pixel is related to the X-
ray attenuation and is expressed in Hounsfield Units (HU). Modern
scanners with multiple detectors use a helical scanning mode and
can provide a 3D array of isotropic voxels with a submillimetric
resolution. This protocol is called multidetector computed tomog-
raphy (MDCT). The main drawback of this protocol is the high
amount of radiation dose the patient is exposed to. To assess the
visual appearance of healthy and pathological lung tissue, a sub-
millimetric resolution is required but some areas can be skipped
between the thin sections to limit the radiation exposure. This pro-
tocol is called HRCT and is the gold standard imaging protocol for
diagnosing ILDs [24]. The technical specifications of the HRCT pro-
tocol are listed in Table 1.

HRCT is also more appropriate than magnetic resonance imag-
ing (MRI) to assess the visual appearance of the lung tissue.
Indeed, MRI  is only sensitive to inflammatory changes of the pul-
monary parenchyma as other tissue types have a low density
of protons [25]. A comparison between HRCT and MRI  is shown
in Fig. 2.

1.1.2. Lung tissue patterns associated with ILDs in HRCT
The appearance and quantification of the types of lung tis-

sue patterns in HRCT are very informative for establishing the
differential diagnosis of an ILD. Table 2 lists 13 common histo-
logical diagnoses of ILDs, the associated HRCT findings as well
as the region of the lungs where the disease is predominant.
The visual aspects of the most common lung tissue patterns are
depicted in Fig. 3. The taxonomy used to describe them often
relates to texture properties. The term fibrosis is used in this work
to describe all HRCT findings that are associated with the histo-
logical diagnosis “pulmonary fibrosis” and includes reticulation,
traction bronchiectasis,  architecture distortion and honeycombing
[26]. As observed in Table 2, ground glass patterns are encoun-
nce multimedia database for interstitial lung diseases. Comput Med

tered in most of the ILDs and are thus non-specific. Therefore,
the clinical context and other HRCT findings are required to orient
the diagnosis.

dx.doi.org/10.1016/j.compmedimag.2011.07.003
http://www.cistib.upf.edu/aneurist1/
http://www.sim.hcuge.ch/medgift/01_Talisman_EN.htm
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Fig. 1. The most common histological diagnoses of ILDs according to [20,23].

Fig. 2. A comparison of HRCT and MRI  for the visual assessment of the lung tissue (Source: [25]). In the MRI  image (b), the signal of the infected lung-area (arrowhead) is
120%  higher than the fibrous tissue area (arrow).

Table 2
13 common histological diagnoses of ILDs and associated HRCT findings.

Histological diagnosis HRCT lung tissue patterns Predominance

Hypersensitivity pneumonitis (HP) Ground glass, emphysema, fibrosis Diffuse
Pneumocystis pneumonia (PCP) Ground glass, crazy-paving, cysts, pneumothorax Central, perihilar
Eosinophilic pneumonia (EP) Ground glass, consolidation, crazy-paving Peripheral, apex
Langerhans cell histiocytosis (LCH) Cysts, Ground glass, micronodules, reticulation Apex
Sarcoidosis Micronodules, consolidation, macronodules, ground glass,

fibrosis (end-stage)
Peribronchovascular, subpleural,
peripheral

Tuberculosis (TB) Micronodules (miliary), tree-in-bud, consolidation Diffuse
Respiratory bronchiolitis associated ILD (RB-ILD) Ground glass, emphysema Diffuse, centrilobular
Pulmonary fibrosis (PF) Fibrosis, bronchiectasis,  ground glass Peripheral, subpleural, basal, posterior
Desquamative interstitial pneumonia (DIP) Ground glass, emphysema, fibrosis (uncommon) Subpleural, basal
Acute  interstitial pneumonia (AIP) Ground glass, consolidation Basal, diffuse
Non-specific interstitial pneumonia (NSIP) Ground glass, consolidation, reticulation, fibrosis

(uncommon)
Peripheral, basal

Cryptogenic organizing pneumonia (COP /BOOPa) Ground glass, consolidation (patchy), macronodules,
macronodules,  bronchial wall thickening,  crazy-paving

Peribronchovascular, subpleural

Lymphocytic interstitial pneumonia (LIP) Ground glass, micronodules Peribronchovascular, subpleural

a Bronchiolitis obliterans organizing pneumonia (BOOP) was formerly used and replaced by COP.

dx.doi.org/10.1016/j.compmedimag.2011.07.003
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ig. 3. Visual aspects of the most common lung tissue patterns in HRCT of patients
onsolidation.

.1.3. Interpretation of HRCT image series
Interpreting HRCT images of the chest represents a challenge

ven for trained chest radiologists and lung specialists [22,23]. The
hree-dimensional form requires significant reading time, effort,
nd experience for a correct interpretation [27]. Most often, the
nterpretation process is carried out by comparing a case with simi-
ar images in textbooks such as [23] or with similar cases in personal
mage collections, which are most often organized by pathology. To
o so, the radiologists must have a guess of the suspected disease
Please cite this article in press as: Depeursinge A, et al. Building a refere
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

resent in the image and may  miss the true pathology shown. In
ertain medical services (e.g., emergency radiology service), radiol-
gists have recourse to a large diversity of imaging modalities such
ILDs. (a) Healthy; (b) emphysema; (c) ground glass; (d) fibrosis; (e) micronodules; (f)

as conventional projection radiography, CT, MRI, functional imag-
ing (functional MRI  (fMRI), positron emission tomography (PET)),
and ultrasound applied to different organs such as the brain, colon,
breast, chest, liver, kidney and the vascular and skeletal systems.
They have to provide the first radiological report with ideas on the
diagnosis quickly. This may  result in errors by omission or con-
fusion of diverse pathologic lung tissue types [28]. Moreover, the
context is fundamental for correct interpretation: healthy tissue,
for example, may  have different visual aspects depending on the
nce multimedia database for interstitial lung diseases. Comput Med

age or the smoking history of the patient and ground glass find-
ings are non-specific without complementary clinical parameters
[29].

dx.doi.org/10.1016/j.compmedimag.2011.07.003
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The selection process of cases, the annotation of the images and
data entry are the result of regular discussions involving the radiol-
ogists, the research physicians and the computer scientists during
ARTICLEMIG-1096; No. of Pages 12

A. Depeursinge et al. / Computerized Med

.2. Existing databases of CT imaging of the lung

Efforts for building a resource for the lung imaging research
ommunity are detailed in [30,31]. In order to test and develop
ung CADs from reliable datasets for the detection of lung nod-
les on CT scans, the lung imaging database consortium (LIDC) was
onstituted of five academic institutions from across the United
tates. The database includes healthy and pathologic CT images
ith annotated nodules and primary clinical data of the patient.

xpert radiologists from the five institutions agreed on the defini-
ion of nodules and the criteria for inclusion in the database. The
odules are categorized into three classes based on their diame-
ers: “nodule ≥3 mm”,  “nodule <3 mm”  and “non-nodule ≥3 mm”.
he annotations of up to five radiologists are available. After a
linded session of annotations, the radiologists had access to the
nnotations of their colleagues and had the possibility to retrospec-
ively modify their own. The number of nodules on which all four
adiologists agreed was 33.8% for the blinded session and 45.8%
fter review [14]. The database is publicly available and can be
ownloaded online from the national biomedical image archive4

NBIA). Unfortunately, the LIDC database does not contain ILD cases
s it only focused on nodules in CT imaging. A small database of
nnotated nodules in CT imaging of the lung is also publicly avail-
ble with the purpose of comparing CAD performance described in
32]. This database can be downloaded online.5

Similar efforts are found at the National Heart, Lung, and Blood
nstitute (NHLBI) but focusing on lung tissue with the creation of
he lung tissue research consortium (LTRC6) [33]. The goal of LTRC is
o improve the management of diffuse lung diseases through a bet-
er understanding of the biology of chronic obstructive pulmonary
iseases (COPDs) and fibrotic ILDs including idiopathic pulmonary
brosis (IPF). Control cases were also enrolled. The database aims at
reating an open data set containing histological, clinical and radi-
logical data. The LTRC began recruitment in February 2005 and
re ahead of their goal of collecting 1600 subjects with a total of
844 enrolled as of September 30, 2008. The lung tissue patterns
re described in a structured report. However, based on [33] no
egions of interest were delineated in the image series to serve as
round truth for the evaluation of computerized categorization of
he lung tissue or as teaching examples. Free access to the HRCT
mage series and associated metadata is possible after obtaining
he approval of the LTRC data coordinating center based on the sub-

ission of a concept sheet describing the aim of the study using a
tandardized format. Based on the LTRC data, computerized quan-
ification of the disease patterns was proposed as measures of the
xtent of pulmonary disease in [34].

A web-based teleradiology framework for acquiring cases of dif-
use lung diseases with annotated regions is proposed in [35]. The
earning Medical Image Knowledge (LMIK) collaborative platform
rovides tools to the clinicians to delineate ROIs in HRCT imaging
f the chest. The cases are then anonymized and stored in a cen-
ral database that can be queried by authorized researchers for CAD
valuation and by radiologists for teaching. Unfortunately, no pub-
ic access to the case repository is mentioned and no recent report
n the LMIK activities has been found since 2003.

To the best of our knowledge, besides these efforts, no large
ataset with annotated image regions is available to be used as
Please cite this article in press as: Depeursinge A, et al. Building a referen
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

round truth for the evaluation and comparison of computerized
ategorization of lung tissue in HRCT.

4 http://imaging.cancer.gov/programsandresources/InformationSystems/LIDC/,
s of 24 May  2011.
5 http://www.via.cornell.edu/databases/lungdb.html, as of 24 May  2011.
6 http://www.ltrcpublic.com/index.htm, as of 24 May  2011.
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2. Methodology

In this section, the scope of the database as well as the various
steps of data collection is detailed. The methods described are the
results of iterative refinements of the process during the 38 months
of data collection.

2.1. Scope of the database

Before any collection of cases, the scope of the database was
defined in order to obtain a consistent set of cases with the aim
of building computerized diagnosis aid for ILDs. In this section, the
selection of the histological diagnoses to be included in the database
and the associated clinical parameters are detailed.

2.1.1. Selection of the histological diagnoses
In collaboration with the Service of Emergency Radiology and

the Service of Pneumology of the University Hospitals of Geneva
(HUG), 15 histological diagnoses that are known as the most fre-
quent causes of lung parenchymal disorders were selected [36]. The
objective was  to retrospectively analyze at least 150 cases repre-
sentative of the 15 most frequent ILDs from the EHR at the HUG
during the four years of the Talisman project. For two diagnoses,
no pure case was found during the project resulting in the 13 diag-
noses listed in Fig. 1. Although healthy cases that underwent an
HRCT exam are rare, the latter were included as often as possible
to serve as control cases.

2.1.2. Selection of the clinical parameters
Based on each pathology, the most discriminative clinical

parameters for the establishment of the differential diagnosis
were kept. This selection process was  carried out based on the
domain-specific literature [20,23] along with knowledge bases
of computer-based diagnosis decision support systems [9].  Dis-
cussions and remarks from lung specialists, radiologists and the
medical informatics research group (Service of Medical Informatics,
HUG) allowed an iterative review of the selected parameters as well
as standardized units and data formats to be used. The parameters
that were not available from the EHR (such as race) were removed.
After several modifications of the list based on the availability of
the parameters in the EHR, 159 fields were used to characterize
the subgroup of ILDs. A HTML (hypertext markup language) form
was used to capture the clinical parameters.7 The terminology used
in the HTML form is in accordance with MeSH8 and SNOMED-CT9

medical terminology references. As often as possible, pull-down
menus were used for textual data to favor homogeneity of the
data required for further computerized analysis. Units for labora-
tory tests and other numerical data were chosen depending on the
formats used in the electronic patient record at the HUG.

2.2. Data collection
ce multimedia database for interstitial lung diseases. Comput Med

the four years of the project. The several steps of the construction

7 The HTML form is accessible at http://medgift.hevs.ch/resources/temp/
newILDform.php, as of 24 May  2011.

8 MeSH: Medical Subject Headings, http://www.nlm.nih.gov/mesh/, as of 24 May
2011.

9 SNOMED-CT: Systematized Nomenclature of Medicine — Clinical Terms,
http://www.nlm.nih.gov/research/umls/Snomed/snomed main.html, as of 24 May
2011.

dx.doi.org/10.1016/j.compmedimag.2011.07.003
http://imaging.cancer.gov/programsandresources/InformationSystems/LIDC/
http://www.via.cornell.edu/databases/lungdb.html
http://www.ltrcpublic.com/index.htm
http://medgift.hevs.ch/resources/temp/newILDform.php
http://medgift.hevs.ch/resources/temp/newILDform.php
http://www.nlm.nih.gov/mesh/
http://www.nlm.nih.gov/research/umls/Snomed/snomed_main.html
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Fig. 4. A typical example of non-accurately delineated ROIs. The ROI contains as much healthy tissue as pathological, introducing noise in the training data (Source: [37]).

l tool f

o
t

2

a
e
m
t
C
r
r

s
p
c
l

Fig. 5. A screenshot of the graphica

f the multimedia dataset starting from the selection of the cases
o the data entry are detailed in this section.

.2.1. Selection of the cases at the University Hospitals of Geneva
A raw list of 1266 patients that underwent a thorax CT within

 stay in the pneumology service between 2003 and 2008 was
xtracted from the data repository of the EHR by the helpdesk at the
edical informatics service. Only cases with HRCT (without con-

rast agent, 1 mm slice thickness) were retrospectively analyzed.
ases from paediatrics were left aside. The diagnosis of each of the
emaining cases was retraced in the EHR based on clinical history,
eports and clinical examinations.

At first, the discharge summary and the pneumological con-
10
Please cite this article in press as: Depeursinge A, et al. Building a refere
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

ultation report were revised to decide whether the cases can
otentially contain an ILD. When the reports of the CT scans were
onsistent with the clinical reports, the clinical history, and the
aboratory studies (pathology, pulmonary function testing, hema-

10 based on their availability.
or the annotation of image regions.

tologic tests) the cases were nominated as candidates. Cases of
which the histological diagnosis is confirmed to be one of the 13
listed in Fig. 1 by at least one of the pathological exams (biopsy,
bronchoalveolar lavage (BAL)) were selected for inclusion. When
the radiographic impression was  consistent with the verified diag-
nosis, the case was retained for the annotation sessions with the
radiologists. These cases were subsequently studied from the radi-
ological point of view during regular meetings with two  attending
radiologists. A very selective process retaining only cases with high
confidence was required in order to gain time at the annotation
sessions and concentrate on the radiological aspects only.

The time necessary to decide whether the case must be kept and
annotated varied from 15 min  to 2 h, with an approximate average
time of one hour per case. The selection process at the early months
of the project was longer as the methodology was  still not well
established. It was usually quicker to reject a case than to decide to
keep it as ruling out an ILD diagnosis or discovering a large number
nce multimedia database for interstitial lung diseases. Comput Med

of co-morbidities can be quick.
Up to now, more than 700 cases were revised and 128 were

stored in the database (approximately 18% of the cases had an
ILD). Occasionally, patients that had a confirmed diagnosis of ILD

dx.doi.org/10.1016/j.compmedimag.2011.07.003
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Table 3
Terminology used to describe the locations of HRCT findings.

Name Description

Apical Upper region
Basal Lower region
Diffuse Uniformly distributed
Perihilar Middle region, around the mediastinium
Peripheral/subpleural Lung periphery/under the pleural membrane

surrounding the lobes
ig. 6. An example of the text-based file format to store the ROIs in the database.

ut from which the HRCT examination was not corresponding to
he disease episode were kept. Consequently, 108 cases have an
nnotated HRCT image series and 20 have no images associated.

.2.2. Annotations
The purpose of HRCT annotation is to establish the ground truth

or lung tissue classification as well as to show examples of HRCT
ndings related to a studied disease for teaching purposes. The need

or high-quality annotations was highlighted in [37]. Indeed, since
he annotations are intended for computerized pattern recognition,
he ROIs have to delineate pathologic patterns very precisely to
void the introduction of noise in the training data (see Fig. 4).

The possibility to visualize and delineate three-dimensional
OIs in the entire HRCT volume and to set the window level used for
isplaying the 16-bit DICOM (Digital Imaging and COmmunications

n Medicine) image series on a computer screen was required for
nnotation. These specifications were fulfilled by adapting an exist-
ng graphical software originally developed for delineating hepatic
umors in CT scans at the HUG (see Fig. 5). The radiologist opens an
ntire DICOM series and then draws precise ROIs in any layer of the
T volume in the axial view. 3D ROIs can be drawn by linearly inter-
olating the regions between 2D ROIs delineated in non-contiguous
xial slices. Sagittal and coronal views are only available for visual-
zation. Depending on the spacing between slices used, anisotropy
n the vertical direction prevents delineating ROIs in sagittal and
oronal views. No exhaustive annotation of every patterns con-
ained in an entire HRCT scan is performed, only patterns that are
elated to the disease of the patient are delineated. A very simple
ext file format was developed to save or load ROIs. The coordinates
f the points belonging to the contour of polygons demarcating the
OIs in 2D slices are stored. An example is depicted in Fig. 6. The
OI files were also translated to the binary file format *.seg used in
aDiV11 to facilitate the handling of 3D ROIs. These files are based
n “BitCubes”, where a 1 represents a voxel that does belong to this
egment and 0 otherwise. The bits are stored in an integer array
here width of the slice xSize modulo 32 forms a row and the total
umber of integers is Nrows × ySize × zSize. It is a trade-off between
emory efficiency and operation optimization.
Patterns used to describe lung parenchymal disorders are not

tandardized among radiology communities. A detailed description
Please cite this article in press as: Depeursinge A, et al. Building a referen
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f common patterns is given in [22]. The terminology used in this
ork was mainly derived from [20,23] and a list of the annotated
atterns can be found in Table 5. The first set of lung tissue types

11 YaDiV: Yet Another DIcom Viewer, http://www.welfenlab.de/en/research/
rojects/yadiv/,  as of 24 May 2011.
Non-relevant Used when the pattern has no prevailing
location

associated with the 15 initially selected diagnoses was  defined with
the radiologists and was  adapted to the annotation requirements
through the annotation sessions. Localization of the parenchymal
disorders is relevant for several diseases. Thereby, the localizations
of the ROIs are stored along with pattern labels in the ROI files.
Table 3 lists the localizations used.

Series with several co-morbidities, or with blur caused by
breathing or movements of the patient or containing artifacts were
not selected for annotations. Some images taken with contrast
agent were also annotated and stored. When possible, healthy tis-
sue was delineated in the studied series to provide a wide range of
the aspects of normal lung parenchyma.

The average time for annotating one case was approximately
75 man-minutes. 30 min  were necessary for the two radiologists
(i.e., 60 man-minutes) to interpret the HRCT image series and to
draw coarse annotations highlighting the important events in the
series. Another 10–15 min  were then required to refine the anno-
tations and obtain accurate delineations of the lung tissue patterns
as well as to capture them in the database using a Java-based tool,
which was  carried by one radiologist.

2.2.3. Data entry
The content of the EHR is systematically analyzed to fill the con-

tent of the HTML form consistently. When multiple instances of
clinical parameters (e.g., laboratory data) were available in the EHR
within an interval of two  weeks around the date of the HRCT image
series, the instance as close as possible to the HRCT examination
was retained. For each HRCT image series stored in the database,
the entire set of clinical parameters was  filled and cases that have
several relevant image series have several instances in the database
as soon as the HRCT examinations were not corresponding to the
same disease episode or if they were separated by more than two
weeks.

The discharge summary and any free-text documents that con-
tained evidence of the diagnosis were anonymized and stored in
the database. The EHR at the HUG contains computer tools for the
automatic anonymization of the documents. No confidential data is
stored in the extracted database, except the patient and stay num-
bers, which both require authorized access to the EHR to retrieve
the identity of the corresponding patient. When transferring the
database externally these numbers were replaced by consecutive
numbers.

Three medical doctors (MD) were successively responsible for
the selection of the cases and the data entry. The final protocol
described in Section 2.2.1 was  developed and refined over time by
the three MDs. The time necessary to capture a case was  on aver-
age of 75 min, varying from 40 min  to more than two hours mostly
depending on the diseases. Patients with Sarcoidosis were quickly
completed whereas IPF, HP and AIP were requiring more efforts
to retrace the history of the patients and to gather all associated
ce multimedia database for interstitial lung diseases. Comput Med

parameters. An adaptation period was  necessary for the MDs  to get
used to the EHR at the HUG, as well as to gain experience with the
various ILD diagnoses.

dx.doi.org/10.1016/j.compmedimag.2011.07.003
http://www.welfenlab.de/en/research/projects/yadiv/
http://www.welfenlab.de/en/research/projects/yadiv/
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Fig. 7. Distribution of the histological diagnoses. The database contains 128 cases
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Fig. 8. Distribution of the various lung tissue patterns in terms of hand-drawn ROIs.
The  total number of ROIs is 1946.

3.2. Quality control

T
D

f  which 84.37% (108) have an annotated image series.

. Results

In this section, the content of the database resulting from 38
onths of data entry is quantitatively described and analyzed. The

rst case was captured on the 21st of July 2006 and the last on
he 6th of November 2009. The process of data quality control and
orrection is described in Section 3.2.  Several examples of data
xploitation are listed in Section 3.4.

.1. Numbers and statistics

128 cases are currently captured in the database. Among them,
08 have an annotated HRCT image series corresponding to the cor-
ect period of care. 68.8% (88 cases) underwent a biopsy, 64.8% (83
ases) present a BAL. Of the 128 cases, 21.1% (27 cases) have neither

 biopsy nor a BAL but had a specific test confirming the diagnosis
e.g., tuberculin skin test for TB, and Kveim test for Sarcoidosis).
he distribution of the diagnoses is detailed in Table 4 and Fig. 7.
946 ROIs were delineated in 108 HRCT image series resulting in a
otal volume of 41.65 l of annotated tissue. The distributions of the
Please cite this article in press as: Depeursinge A, et al. Building a refere
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

umber of ROIs and the corresponding volumes of the lung tissue
ypes are detailed in Table 5 and Figs. 8 and 9.

able 4
istribution, mean age and gender statistics of the diagnoses.

Histological diagnosis Patients 

Healthy 2 

Pulmonary fibrosis (PF) 40 

Hypersensitivity pneumonitis (HP) 24 

Tuberculosis (TB) 15 

Pneumocystis pneumonia (PCP) 8 

Cryptogenic organizing pneumonia (COP/BOOP) 8 

Eosinophilic pneumonia (EP) 1 

Sarcoidosis 20 

Acute  interstitial pneumonia (AIP) 4 

Desquamative interstitial pneumonia (DIP) 1 

Respiratory bronchiolitis associated ILD (RB-ILD) 1 

Non-specific interstitial pneumonia (NSIP) 2 

Langerhans cell histiocytosis (LCH) 1 

Lymphocytic interstitial pneumonia (LIP) 1 

Total  128 
Fig. 9. Distribution of the various lung tissue patterns in terms of volumes of anno-
tated tissue. The total volume is 41.65 l.
nce multimedia database for interstitial lung diseases. Comput Med

A retrospective control of the diagnosis of each case was car-
ried out to ensure the consistency of the database. Since the global

Image series Age (mean ± std) Female (%)

2 63.5 ± 9.5 100
39 71.4 ± 13.4 50
19 65.3 ± 17.1 80.3
12 41.1 ± 17.6 40

4 59.6 ± 20.4 12.5
3 45 ± 24.6 50
1 33 100

18 48.5 ± 17.3 30
4 65.3 ± 5.5 50
1 46 100
1 54 100
2 61.5 ± 12.5 50
1 24 0
1 32 0

108 59 ± 20.2 36.7

dx.doi.org/10.1016/j.compmedimag.2011.07.003
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Table  5
Distribution of the lung tissue patterns. Note that the total number of image series is not equal to the sum of the number of series per pattern as each image series may
contain several lung tissue types.

Label Volume (l) Image series ROIs Mean volume per ROI  (10−2 l)

Healthy 5.12 7 100 5.12
Fibrosis 8.45 38 473 1.79
Ground glass 4.91 37 427 1.15
Micronodules 16.06  16 297 5.41
Consolidation 0.69 14 196 0.35
Reticulation 1.88 10 131 1.43
Emphysema 1.15 5 66 1.75
Bronchiectasis 0.08  8 44 0.18
Macronodules 0.18 7 37 0.49
Bronchial wall thickening 0.01 1 15 0.08
Cysts  0.15 3 11 1.40
Others  2.95 14 149 –

Total  41.65 108 1946 –

Table 6
Estimations of the person-hours spent for the various tasks of the database construction.

Task Time computation Time spent (person-minutes) Time spent (person-hours)

Cases captured with annotated image series 108 cases × 210 min  22,680 378
Cases  captured without image series 20 cases × 135 min  2700 45
Cases  erased after quality control 21 cases × 210 min  4410 73.5
Correction of clinical parameters after quality control 13 cases × 75 min  975 16.25
Rejected cases (700 − 149) cases × 60 min  33,060 551
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Quality  control 3 weeks 

Total  – 

ethodology for the selection, the annotation and the capture of
he patients was refined during the 38 months of the collection of
he cases, inconsistencies occurred, especially with the cases that
ere captured at the beginning of the project. The diagnosis of each

ase was retraced in the EHR with a methodology similar to the
election process. Cases with several co-morbidities were removed
s the visual aspect can be altered strongly (e.g., in cardiac car-
iac insufficiency). 21 cases were removed as their diagnoses were
ot reliably demonstrable or were mixed with co-morbidities. The
alues of several clinical parameters were corrected for 13 patients.
hen required, the entire set of clinical parameters was  re-entered.

pecial care was taken for clinical parameters that are subject to
hange rapidly over time to use the parameters that are corre-
ponding to the most acute manifestation of the disease and also
s close as possible to the HRCT examination.

.3. Total person-hour estimation

Estimations of the person-hours spent for the various tasks of
he database construction are given in Table 6. The total person-
ours spent are estimated at 1200. It is interesting to note that
Please cite this article in press as: Depeursinge A, et al. Building a referen
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

nly 45.9% of that time was spent on really building the database
quality control included) whereas the remaining 54.1% were spent
ejecting cases, capturing cases rejected by the quality control and
e-entering clinical parameters. It is important to note that another

able 7
onfusion matrix of the blockwise classification of lung tissue patterns in %. Global arith
18,40]).  Nvox denotes the number of manually segmented voxels used for evaluation and

Healthy Emphysema 

Healthy 78.1 2.8 

Emphysema 0.9 70.1 

Ground glass 4.6 1.6 

Fibrosis 2.3  1.9 

Micronodules 13.7 1.8 

Nvox 63,914 61,578 

Ncases 7 5 
7200 120

71,025 1183.75

large amount of time spent for other tasks is not included in the
1200 person-hours, such as:

• selection of the histological diagnoses,
• selection of the clinical parameters to collect,
• iterative creation of the HTML forms,
• retrieval of the list of the potential ILD cases,
• creation of the database architecture,
• server installation and maintenance,
• development of the image annotation software,
• data conversions and anonymization,
• education of the personnel.

3.4. Data exploitation

The dataset served as reference for several studies on lung
tissue analysis [38,39], case-based retrieval [6,18] and multi-
modal medical data analysis [7].  Based on subsets of the database,
results of computerized lung tissue categorization using techniques
described in [18,40] are detailed in Tables 7 and 8. In addition,
ce multimedia database for interstitial lung diseases. Comput Med

the performance of three-dimensional case-based retrieval based
on histological diagnoses is given in Table 9 (see [6]). These per-
formance results can be used as a baseline to compare with new
methods on the same data set.

metic and geometric means of 75.1% and 74.7% are obtained, respectively (Source:
 Ncases the number of patients.

Ground glass Fibrosis Micronodules

0.7 0.2 18.1
0 4.7 24.2
76 14.7 3.1
17 73.5 5.3
2.2 6.7 75.7
644,814 860,474 1,436,055
21 28 10

dx.doi.org/10.1016/j.compmedimag.2011.07.003
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Fig. 10. List of cases returned by an exact text search. The user can preview the clinical parameters of the patients with three levels of importance. Levels of importance are
varying  based on the diagnosis.

. 2D and 3D views are available to visualize the ROIs in YaDiV (Source: [41]).

b
u
d

T
P
(

Fig. 11. Detailed view of a selected case: image series and annotations

Online consultation of the database for teaching is enabled
Please cite this article in press as: Depeursinge A, et al. Building a reference multimedia database for interstitial lung diseases. Comput Med
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

y web-based interfaces shown in Figs. 10 and 11 [41]. The
ser can perform exact text search to browse the multimedia
atabase.

able 8
erformance measures of the blockwise classification of the lung tissue patterns
Source:  [18,40]).

Recall Precision F-measure Accuracy

Healthy 78.4 78.2 78.3 91.3
Emphysema 89.6  70.2 78.7 92.4
Ground glass 79.2 76 77.6 91.2
Fibrosis 73.6 73.5 73.6 89.4
Micronodules 59.9  75.6 66.8 85

Table 9
Mean precisions at ranks 1, 5, 10 and at rank equal to the number of instances of
the diagnosis Nr are computed based on the histological diagnosis of the retrieved
cases (Source: [6]).

P @ 1 P @ 5 P @ 10 P @ Nr Nr

PF 79.2 58.3 51.7 42.7 24
COP/BOOP 60 20 18 20 5
TB  71.4 48.6 34.3 42.9 7
PCP 25  20 10 25 4
HP  54.5 40 39.1 38 11
AIP  66.7 33.3 25.5 27.2 9
Sarcoidosis 100 66.6 52.2 56.8 9

Average/total 59.4 39.7 34.2 32.4 69

dx.doi.org/10.1016/j.compmedimag.2011.07.003
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Fig. 12. Age at onset presentation in LCH, sarcoidosis and PF (Source: [20]).

. Discussions

The distribution of the encountered diagnoses described in
able 4 and Fig. 7 is in accordance with the expected frequency
n Europe [42]. A male predominance is observed as only 36.7% of
he cases are female, which was also observed in [20,42,43].  The

ean age of the patients with the respective diseases is shown in
able 4, and is in accordance with the expected values in the litera-
ure [20]. For instance, the distribution of the patient age with LCH,
arcoidosis and PF shown in Fig. 12 is similar to the mean age of
he corresponding diagnoses in Table 4. PF is found in patients over
0 [44] and the mean age of PF cases is 71.4 years in Table 4. The
istribution of the diagnoses is very unbalanced where the most
epresented disease PF contains 40 patients and five diseases have
nly one case. The number of healthy control cases is also very low
nd is constituted by former ILD cases that have a histological proof
f having recovered. These cases cannot truly be considered as con-
rol cases as the former ILD episode is related to abnormal values
f some of the clinical parameters. As a consequence, distinguish-
ng healthy and unhealthy tissue types is a hard task, that could be
asier with really healthy patients.

The average time for completing the entire process of selecting,
nnotating the image series and capturing clinical data of a case
as 3 h and 30 min, whereas a total 1183.75 person-hours was esti-
ated for the contruction of the database. Thereby, an average of

.25 person-hours per case captured was required. The 7 most rep-
esented types of lung tissue12 in terms of number of ROIs allow
escribing a wide range of visual findings in HRCT image series
ssociated with ILDs [23]. The distribution of annotated volumes of
he various classes of lung tissue in Fig. 9 are not directly related to
he distributions of the ROIs. This can be explained by observing the
atios of mean volume per ROI in Table 5. Based on the type of lung
issue, the size of the ROIs varies significantly. For instance, micron-
dules patterns found in cases of Miliary tuberculosis are diffusely
istributed in the whole lung, which allowed to delineate very large
egions. This is not the case for classes such as macronodules or
onsolidation for which the alterations of the lung parenchyma are
arrowly localized. The annotation of the latter is comparatively
ore time-consuming compared to acquiring identical volumes of

nnotated tissue.
The annotations of the lung image regions are successively car-
Please cite this article in press as: Depeursinge A, et al. Building a referen
Imaging Graph (2011), doi:10.1016/j.compmedimag.2011.07.003

ied out by two radiologists with 15 and 20 years of experience.
owever, no assessment of the quality of the annotations by mea-

uring inter-agreement measurement is carried out, which showed

12 i.e., healthy, emphysema, ground glass, fibrosis, micronodules, consolidation and
eticulation.
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to be an important source of errors in the interpretation process
of HRCT image series showing diffuse parenchymal lung diseases
in [13]. Nevertheless, the two  radiologists have to agree on the
delineated region and, thanks to the retrospective analysis, the
annotations of the cases were based on the description of the image
regions in the radiological report written by several radiologists
from 2003 to 2008 at the HUG and a enabled cross-control of the
interpretation of the image series.

Limitations occur in the representation of the variability of the
class healthy as normal tissue was  annotated in patients that have
had an ILD in their medical history. Thereby, beyond continuing
the collection of cases, future work is needed to add healthy cases
in order to have a rich representation of healthy lung tissue and
associated clinical parameters. This is challenging because healthy
subjects that undergo an HRCT examination are very rare due to
high cost and radiation dose delivery. On the other hand, the situ-
ation of difficult “healthy” tissue corresponds to the clinical reality
particularly in emergency radiology.

5. Conclusion

In this paper, the construction steps and the content of a
multimedia library of ILDs cases are described. The structured mul-
timedia information served as basis for carrying out research on
computerized image-based diagnosis aid for ILDs. So far, no similar
datasets are publicly available for comparing pattern recognition
techniques on ILDs. This situation makes it difficult to identify the
best algorithms proposed in the literature to be further integrated
into a CAD system used in a clinical environment. With the base-
line system proposed a stable and reproducible standard technique
allows to compare new techniques against a baseline in a controlled
setting and thus reproducible results in a clear setting. The method-
ology proposed for the definition of the scope of the database (e.g.,
diseases and associated clinical parameters, imaging protocol), the
selection of cases in an EHR as well as the annotation of medical
image series constitutes a basis for collecting radiological data with
the purpose of developing and evaluating computerized diagnostic
aid.
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