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1.1. NTT DATA
In the case of the project executed by NTTDATA,
we are considering 3.000 abdomino-pelvic TCs in
DICOM format provided by Fundació Puigvert.
The main steps of the process to get medical image
data have been the following:

1. - Establish the data sample
A. Agree on the size of the data set is a first step. It
must be clear than the more data the project may
comprise, the better for the purposes of training the
AI model. In addition there are also some specific
questions that should be analyzed to assess an order of magnitude of the data set:
1.

Maturity of the model: in order to train a model
and be able to improve critical KPIs.

2. Project type: In case of following a supervised
learning approach – the current NTTDATA project is – it must be taken into account the effort
(time required) and cost (TLs associated) to be
able to annotate the data sample.
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These aspects should not be overlooked while planning resources and the data sample to be considered.
B. Agree on the type of anomalies that represented by the data sample. It is critical to identify and
consider as many anomalies/disease conditions as
possible so that the IA model avoids bias and deviations while validating the model. If we are training
a model for the identification of renal anomalies, it
should be first assessed that we count on data representative of all potential renal anomalies.
C. Agree on the balance between studies that present anomalies and studies that does not present
anomalies. Ideally, it would be desirable to count on
over 50% of data samples presenting some type of
anomaly, but not all of them, again to avoid bias while training the model.
D. Among the data samples that present anomalies, it is also required to agree on a proper balance among the type of anomalies. In case there is a
limited dataset, it is desirable to include studies of
conditions whose prevalence index is lower so that
the model results more global and complete.
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2. – Understand and consider the legal
and regulatory framework for sensitive
data
Before working with the data, it must be duly taken
into account the regulatory framework and the ethical
implications while handling sensitive data. Therefore,
depending to the geography where the parties are
located and data management, the legal and ethical
constrains are critical. To this regard, GDPR is the main
reference regulation.
Indeed, this is one of the aspects that should be discussed with the legal department of the data provider
in order to make sure that they can provide and make
available the data for the purposes of project. If this is
the case, then it must be formalized all data protection
and data processing procedures to ensure the access
and usage of the data is feasible.
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3. - Data anonymization
Carry out the anonymization process in case sensitive
data is going to be handled and managed. Ideally this
process should be done by the data provider as it may
save some legal constraints (e.g. external provider accessing to sensitive information). Data anonymization
has been carried out through deletion of sensitive information. For some specific fields – IDs mainly – they
have been deleted and replaced by meaningless identifiers still useful for processing the CT studies. In the
image below it can be seen the axial plan of a CT series.
Sensitive information has been anonymized – and so
it is shown - and some relevant identifiers such as the
StudyInstanceID has been replace in order to be able to
process the CT.

4. - Deploy data provider infrastructure
for data management
In parallel to previous task, it is required to set up the
infrastructure required to curate, harmonize and anonymize the data, as a previous step to its incorporation
to AI pipelines. This includes also de connectivity and
access configuration. It is highly recommended that
the infrastructure to be deployed inside the data provider facilities for the sake of avoiding the need to export
data (even when this has been anonymized) beyond
the firewall of the data provider. Sharing and utilizing
data outside healthcare organizations or hospitals is
complex and it has shown a reasonable reluctance.
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1.2. Eurecat
The complete cohort from which this study was
performed contains 151 patients in whom at least
two chest CT scans were taken at two different
time points (T1 and T2). This cohort (VHLung) was
collected from the Vall d’Hebron University Hospital
(Barcelona). For each patient, two different radiologists detected and matched the most relevant nodule on the two CT scans, providing their locations
and diameters. The ethics approval for this study
was obtained from the Medication Research Ethics
Committee of Vall d’Hebrón University Hospital
(Barcelona) with reference number PR(AG)111/2019
presented on 01/03/2019. Data was anonymized in
compliance with GDPR through a hash code and all
personal data from the DICOM files was erased at
the hospital. Informed consent was waived. Inclusion criteria were patients without a previous neoplasia, with a confirmed diagnosis, and with visible
nodules (>= 5 mm) in at least two consecutive CT
scans.

Scaners and protocols
The chest helical CT studies were performed using
different scanners: Phillips (Brilliance 16/64, iCT
256), Siemens (SOMATOM Perspective/ Definition)
and General Electrics (LightSpeed16). Acquisition
and reconstruction protocols were set according to
subject biometrics and clinical inquiry: 100–120 kV,
33-196 mAs and exposure time 439-1170 ms. Each
image had 512 x 512 pixels with 16-bit gray resolution, spacing between slices 0.75-1.5 mm and slice
thickness 1-5 mm.

Data
To evaluate the pipeline, we randomly selected 38
patients from the complete cohort (the remaining
data were used for training purposes). This test set
was composed by 25 cancer and 13 benign cases.
The interquantile interval of time between current
and previous CT examinations ranged from 288 to
775 days. The size mean of the annotated nodules
was 10.73 +/- 3.80 at T1 and 13.62 +/- 4.94 at T2,
and the nodule growth size mean was 2.89 +/- 4.35
mm. Figure-6 provides a visual description of the
test dataset.
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Figure Histogram and boxplot of the nodule size of the VHLung
test set
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1.3. CVC Up4Health Characterization of Lung
Pathologies
1.3.1 Detection of Pulmonary
Embolism in COVID19 Pneumonia
Patient Recruitment
The patients were recruited from Hospital Universitari Germans Trias i Pujol (HUGTiP), in Barcelona, Spain. We have collected images and clinical/
demographic data from two groups of patients,
one with cases used to perform algorithm training
(training group) and the other to perform validation (test group). In both groups, there were patients
collected prospectively (April to September 2020)
in a balanced way, all of them being patients with
COVID-19 and, on the other hand, patients collected
retrospectively in the pre-pandemic period (January-December 2018) to ensure that they did not present COVID-19 infection.
The exclusion criterions were the patient’s refusal to
participate in the study and the detection of severe
alterations in the patients’ lungs caused by other pathologies nonrelated to COVID-19 infection like severe
emphysema. The classification of the different cases
and different image pattern segments was performed
by a team of pulmonologist and nuclear medicine
physicians of HUGTiP with >7 years of experience.
This study was performed in line with the principles
of the Declaration of Helsinki. The research protocol was approved by the regional ethics committee
(Ethics Committee for Clinical Research of Germans
Trias i Pujol University Hospital), with the reference
PI-20-161.

Scanners and protocols
For each patient, a perfusion single photon emission computed tomography/computed tomography
(Q-SPECT/CT) based on intravenous administration
of 6 mCi (222 MBq) of 99mCt-macroaggregates of
human albumin (99mCt-MAA) was acquired, with
the subsequent acquisition of a tomo-scintigraphy
(SPECT) and a CT in two hybrid equipments indistinctly: a Symbia T2 Gamma camera (brand Siemens, based in Munich, Germany) and a Discovery
NM/CT 670 ES Gamma camera (brand General Electric, based in Boston, Massachusetts, US).
The acquisition parameters were the following. The
SPECT was obtained with a circular orbit with 360º
arc, 128x128 matrix, zoom 1, 140 KeV photopeak,
obtaining 90 images of 8 seconds per image. The
acquired CTs used 120 KV, 50-350 mA, with slice
thickness and interval of 1.25 mm (General Electric)
and 3 mm (Siemens). With reconstructions of B41S,
B80S, B08 and 1 soft, recon 2 lung respectively for
CT and three-dimensional reconstruction, without attenuation correction for scintigraphy, 512x512 matrix.
Ventilation lung scintigraphy was not contemplated
due to the risk of cross-contamination of COVID-19,
so ventilation alterations were determined by CT
scans. The images were extracted from PACS in
DICOM format previously anonymized to guarantee
the confidentiality of the data.

Data
The resulting database contained data a total of 59
patients, 20 in training group (4.927 set of samples
of 4 types of image patterns) and 39 in validation
group (4.410 set of samples of 4 types of image
patterns), of which 29 were COVID-19 patients. The
demographic characteristics of each group can be
seen in Table 1 Demographic characteristics of the
database for COVID19 detection.

Table 1. Demographic characteristics of the database for COVID19 detection
Training group

Test group

Patients/set of samples (n)

20 / 4.927

39 / 4.410

Age (average)

60y

68y

Gender female, n (%)

Female 12 (60%)

Female 18 (46.15%)

COVID-19, n (%)

9 (45%)

20 (51.28%)
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1.3.2 Diagnosis of Nodule
Malignancy for Lung Cancer
Screening
Patient Recruitment
The patients were recruited at the Germans Trias i Pujol University Hospital (HUGTiP), Barcelona,
Spain, from which images and clinical/demographic data were collected between December 2019
and September 2020. The 60 recruited patients
have CT-chest and pulmonary nodule (PN) tributary
of surgery, and meet the following inclusion and exclusion criteria. The inclusion criteria includes: have
a single PN, diameter from 8 to 30 mm, final diagnosis of non-small cell lung carcinoma and non-malignant tumor. And the exclusion criteria includes:
have been previously diagnosed with lung cancer,
diagnosis of uncured extra-pulmonary cancer (except non-melanoma skin can cer), pregnancy, have
received chemotherapy or cytotoxic drugs in the
last 6 months and decline to sign the consent. The
PNs have been classified in every case by means of
a biopsy.

Scanners and protocols
The CT scanners’ acquisition parameters in all cases were 120 kv, 100-350 mA (dose modulation
range), soft tissue reconstructions, high frequency algorithms and 512x512 matrix, more details by
scannermanufacturer are shown in the Table 1. These parameters are the gold standard used to ensure
enough scan resolution and quality to radiologically
evaluate malignancy [CVC1,CVC2].

Data
The Table 2 Demographic characteristics of the database for diagnosis of nodule malignancy. shows
detailed information of our database, in which benign/malign slices refer the number of axial slices
that compose the benign/malign ROI nodule.

Table 2. Demographic characteristics of the database for diagnosis of nodule malignancy.
Description

Male

Female

Total

Demographic
Population

Patients
Age avg±std
Benign PNs
Malign PNs

36
70.67±6.87
5
31

24
63.96±12.35
4
20

60
67.98±9.92
9
51

Nodule
Characterization

Benign Slices min/max/avg
Malign Slices min/max/avg

6/111/48
8/152/45

28/39/32
12/82/45

6/111/41
8/152/43

[CVC1]

Kim, Y.J.; Lee, H.J.; Kim, K.G.; Lee, S.H. The effect of CT scan parameters on the measurement of CT radiomic features: a lung nodule phantom
study. Computational and mathematical methods in medicine 2019, 2019.

[CVC2]

Xu, Y.; Lu, L.; Sun, S.H.; Lian, W.; Yang, H.; Schwartz, L.H.; Yang, Z.h.; Zhao, B.; others. Effect of CT image acquisition parameters on diagnostic
performance of radiomics in predicting malignancy of pulmonary nodules of different sizes. European Radiology 2021, pp. 1–11.
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Key success factors Access and availability
of medical image data
The main key success factors identified for the access and availability of
medical image data of the different
performed projects are:
•

Having data provider organizations with mature information
systems to facilitate access to the
data.

•

Availability of large and standard
volumes of data. Standard data
contributes to ease the data
processing, cleaning and harmonization, especially when projects
involve data from different organizations.

•

Data providers count on legal
department to support with legal
constraints.

•

In the scope of healthcare organizations providing data, it is also
critical to speed up the ethical
approval process.

•

Taking into consideration the time
needed to do the data annotation
by the doctors and professionals.

•

Barriers and difficulty of having
informed consents.

•

Need of constructing a “save
hub” of medical data to ease the
access to data.
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