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Abstract
To assess the incidence of outpatient examinations delivered through a web portal in the Latium Region in 2 years and compare
socio-demographic characteristics of these users compared to the total of examinations performed. All radiological exams
(including MRI, X-ray and CT) performed from March 2017 to February 2019 were retrospectively analysed. For each exam,
anonymized data of users who attended the exam were extracted and their characteristics were compared according to digital
access to the reports. Overall, 9068 exams were performed in 6720 patients (55.8% males, median age 58 years, interquartile
range (IQR) 46–70) of which 90.2% residents in Rome province, mainly attending a single radiological examination (77.3%).
Among all exams, 446 (4.9%) were accessed, of which 190 (4.4%) in the first and 5.4% in the second year (p < 0.041). MRI was
the type of exams mostly accessed (175, 7.0%). Being resident in the provinces of the Latium Region other than Rome was
associated with a higher access rate (OR = 1.84, p = 0.001). Considering the overall costs sustained to implement a web portal
which allows users a personal access to their own reports, if all users would have accessed/downloaded their exams, an overall
users’ and hospital savings up to €255,808.28 could have been determined. The use of a web portal could represent a consistent
economical advantage for the user, the hospital and the environment. Even if increasing over time, the use of web portal is still
limited and strategies to increase the use of such systems should be implemented.

Keywords Cost savings . eHealth . Electronicmedical record (EMR) . Health level 7 (HL7) . Hospital records

Abbreviations
CDA2 Clinical Document Architecture
DICOM Digital Imaging and Communications

in Medicine
ESCAPE Electronic Signature in Care Activities for

Paper Elimination
HL7 Health Level Seven

ICT Information and Communications Technology
ISN Image Share Network
JPEG Joint Photographic Experts Group
NIH National Institutes of Health
PDF Portable Document Format
RIM Reference Information Model
RSNA Radiological Society of North America

Introduction

In recent years, development in informatics have allowed the
distribution of laboratory, pathological anatomy and consulta-
tion reports with innovative methods through dedicated web
portals, e-mails, social networks or messaging, both directly to
the patients and/or their doctors [1–4].

Several studies have assessed the impact of these technol-
ogies in the medical field, especially in the clinical laboratory,
on the appreciation of doctors and patients, on the reasons for
the disparity of their use by age, wealth and race [5, 6].

Key Points • The growth of radiology will result in an increased demand
for image and report sharing.
• Frequency of online access to medical reports and radiological is still
low but increasing over time.
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In the radiological field, the risk of misinterpretation of the
report, because of the loss of direct communication between
doctors and patients, due to the online distribution of reports
and images and the actual usefulness of using this model of
transmission has been assessed; the appreciation of patients
who download the radiological reports online has also been
compared with those of the clinical pathology laboratory
[7–10]. In a very recent guideline, the World Health
Organization recommended the use of digital modality to im-
prove people’s health [11].

In Italy, a strategy to promote digital growth is being de-
veloped, and recently, the Italian government defined a stra-
tegic and economic policy document for a 3-year plan (2019–
2021) for Information Technology in Public Administration
[12], which also defined the actions of intervention dedicated
to digital health and the main solutions for the evolution of the
public administration information system, aimed at improving
health services, limiting waste and inefficiencies, improving
the cost-quality ratio of health services and reducing differ-
ences among territories.

This plan includes the dematerialization of diagnostic im-
aging reports, with the aim of creating digital documents with
full legal value, which will lead to the replacement of all paper
equivalents, in order to reduce costs and improve the quality
of service to citizens.

An electronic document managing system is based on a
digital signature—involving the use of smart cards—which
allows the transmission through the network of a coded doc-
ument, its retrieval and/or its digitalization on optical supports,
in compliance with the laws and regulations.

In Italy, this type of procedure has already been suc-
cessfully implemented and nowadays available in some
regions such as in the North-eastern region of Veneto
through the Veneto ESCAPE (Electronic Signature in
Care Activities for Paper Elimination) project [13] fi-
nanced by the Agenzia per l’Italia Digitale - Agency
for Digital Italy (AgID), the technical agency of the
Presidency of the Council of Ministers also devoted to
the eHealth Innovation. Other regions such as Latium
(central Italy) have started the same process a few years
ago with the Lazio ESCAPE project [14].

The Lazio ESCAPE project foresees that the reports
and images are made available to the user in digital for-
mat for a period of 45 days, allowing the patient to view
the report in PDF format (Portable Document Format) and
the images in JEPG/DICOM format. The patient can also
download the radiological examination report and images
(see Fig. 1 for a schematic diagram of the system
implemented).

Through the Lazio ESCAPE portal, in the page were im-
ages of his/her exam can be viewed and/or download, the user
has the possibility to download the DICOM viewer, free of
charge with clear instructions on its use.

After 45 days, the link is deactivated irreversibly, and the
user cannot request a new access. However, the patient can
still pick up the CD at the hospital free of charge.

The objective of our study was to assess the incidence, on
the total of examinations performed in a 2-year period (2017–
2019), of those delivered through the online portal of the
Latium Region, comparing socio-demographic characteristics
of accessing and not accessing users. Moreover, based on the
first 2 years in which this IT mode was available in our
Imaging Diagnostics department, a raw economic estimation
of potential savings reachable by a universal access scenario
was carried out.

Material and Methods

From March 2017 to February 2019, all consecutive diagnos-
tic imaging exams performed by the Imaging Diagnostics
Department of our Institute, including X-ray (XR), computed
tomography (CT) and magnetic resonance imaging (MRI),
were retrospectively analysed. Ultrasound and bone mineral
density study exams were excluded because reports and im-
ages are delivered to the user/patient immediately after the
exam. Exams performed on patients aged less than 18 years
were excluded.

Anonymized exams data of users who attended the exam
and those who accessed (view and/or download) the reports
and images are extracted from RIS/PACS workstation (Agfa).
For each exam, the following variables were included: age,
gender, user’s residence (as indicated from Local Health Unit
of residence), type of exam and recorded access to the portal.
Anonymization did not allow any analysis of computer liter-
acy of wealth of patients.

The CDA2 (Clinical Document Architecture) and HL7
(Health Level Seven) standards have been used to structure a
document created to facilitate the exchange of clinical infor-
mation between the various actors involved in the provision of
health services [15]. A CDA document can contain texts, im-
ages, sounds and other multimedia content and its structure is
formally derived from the Reference Information Model
(RIM) of HL7 v3 which ensures the necessary flexibility also
in relation to future developments of the standard; the images
are encrypted with digital signature in PKCS#7 and XML-
CDA2 format [16, 17]. This standard has been already imple-
mented and updated in our Institute in the last 10 years, as well
as digitally signing of all reports/images being already com-
pliant with the ESCAPE standards before its implementation.

A raw economic estimation of the costs derived by a stan-
dard delivery of reports or by the use of such portal was per-
formed, projecting in our context all the direct costs of the staff
preparing and delivering the reports, of the consumables (ton-
er burners, paper, envelopes, CDs, electricity) and of the struc-
tures (necessary spaces in square metres), based on what was
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estimated by the Veneto ESCAPE project [18]; in detail, the
average cost for delivering the diagnostic imaging exams was
estimated at 1.65 euros per exam. For the users, two types of
costs were considered: those incurred by transportation to col-
lect the report quantified as 3.52 euros and time lost (average
2 h) quantified as 11.51 euros hourly wage for a total amount
of 26.56 euros.

No other additional costs were considered since no supple-
mentary storage for reports and media was required. After
45 days, all data are cancelled from the shared storage, but
still available on the single Institution. Since also the access to
the portal is permanently cancelled, not providing the possi-
bility to restore the access did not required any further staff
cost to reassign access.

The study was approved by the Institute’s ethical commit-
tee (n°31/2018).

Result

Sociodemographic Analysis

In the 2 years of observation, a total of 9068 examinations
were performed in 6720 patients and included in the analysis,
almost equal distributed among X-rays (3325, 36.7%), com-
puted tomography (CT; 3234, 35.7%) and magnetic reso-
nance imaging exams (MRI; 2509, 27.7%).

Out of 9068 exams carried out, 446 (4.9%) were accessed
at least one time (see Table 1), of which 190 (4.4%) in the first

year, with an increased proportion in the second year of activ-
ity (256, 5.4%—p < 0.041).

The type of exam most accessed was MRI (175, 7.0%)
followed by CT (147, 4.5%) and X-rays (3.7%) (p < 0.001).
When considering differences between the 2 years of activity,
the significant increase in exams access is essentially due to an
increase in CTs access (5.2% vs 3.8%, p = 0.052) and second-
ly of MRI (7.6 vs. 6.3, p = 0.208), while X-rays exams were
constantly accessed over this period (3.7%) (Fig. 2).

We recorded a single access (by the patients, the attending
physician, or the specialist) in 155 exams (34.8%) and 5 or
more accesses in 106 exams (23.8%) (Table 2). The average
number of access to the single exam was 3.58 access/exam
(3.48 in the first year and 3.66 in the second, data not shown);
the distribution of number of accesses according to type of
exam was significantly different and higher for MRI where
the proportion of exams with 5 or more accesses was 30.9%
compared to 21.1% for CT and almost half for XR (16.9%)
(p = 0.030) (Table 2).

Among the 6720 patients considered in the 2 years of ob-
servation, male gender was predominant (55.8%) and the
overall median age was 58 years (interquartile range (IQR)
46–70). They were mostly resident in the municipality of
Rome (90.2%) and to a lesser extent in other provinces of
Latium Region (6.0%). The vast majority of patients per-
formed a single radiological examination in the period of in-
terest (77.3%).

Table 3 shows subjects’ characteristics according to the
access to the portal, examining separately those who withdrew
the exam personally by hand, and of those who accessed/

Fig. 1 Workflow showing the organization of the LAZIO ESCAPE
PROJECT used to generate and publish the radiological documents
online. DB, database; RIS, Radiology Information System; PACS,

Picture Archiving and Communication System; WS, Web Services;
ESCAPE, Electronic Signature in Care Activities for Paper Elimination
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downloaded them from the web-portal of the Latium region.
Globally, 424 (6.3%) performed at least one access. Analysing
the characteristics of the patients who consulted the portal,
there are no substantial gender and age differences between
the two groups of patients, as well no difference in portal
access between the first and second year of activity. A statis-
tically significant proportion of exams where accessed
through the portal from patients living in provinces of the
Latium Region other than Rome (OR = 1.83, p < 0.001)
(Table 3); this difference was evident overall and when com-
pared among MRIs and CTs exams only (data not shown),

Considering the number of access according to the
users’ characteristics, users aged less than 60 years
show a high rate of single access to the portal, while
subjects aged 60 or above have a higher proportion of 5
or more accesses (chi-square for trend, p = 0.0011)
(Table 4). In the second year of activity, a trend was

observed for patients performing 5 or more accesses to
their exams (25.8% vs 21.1%).

Economic Analysis

In our experience with this system of downloaded online, we
estimate that the Institute has saved €735.9 in 2 years; if all
9068 exams had been downloaded online, the estimated sav-
ings would have been € 14,962.20.

For each patient who accessed the portal, the personal sav-
ing can be estimated on average €26.56 for a total of
€11,845.76; if all the 9068 exams had downloaded online,
the savings would have been € 240,846.08.

The overall savings for the users and for the Institute even-
tually obtained, if all users had downloaded the exams online,
would have been € 255,808.28 in 2 years.

Table 1 Proportion of exams performed at the Radiology Department of our Institution accessed (Mar 2017 to Feb 2019)

Total Exam result accessed
N (%)

p

All exams 9068 446 (4.9)

Type of exam

Magnetic resonance imaging, MRI 2509 175 (7.0)

X-ray, XR 3325 124 (3.7) < 0.001

Computed tomography, CT 3234 147 (4.5)

Year of activitya

First 4290 190 (4.4) 0.041
Second 4778 256 (5.4)

Users’ residence

Rome province 8199 380 (4.6) < 0.001
Other Latium provinces 543 45 (8.3)

Other Regions 326 21 (6.4)

a Years of activity: first year, March 2017 to February 2018; second year, March 2018 to February 2019

Fig. 2 Proportion of exams
accessed according to type of
exams and year of activity (first
year: Mar 2017 to Feb 2018;
second year: Mar 2018 to
Feb 2019)
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Discussion

Development in informatics have allowed the distribution and
consultations of reports with innovative methods through ded-
icated web portals, e-mails, social networks or messaging,
both directly to the patients and/or their doctors [1–4]. This
possibility addresses also a recent guideline of the World
Health Organization which recommends the use of digital
modality to improve people’s health [11], promoted by the
Italian government which also defined those actions dedicated
to digital health, aimed at improving health services, including
the dematerialization of diagnostic imaging reports [12].

Beside the appreciation of patients and professionals, the
real impact of these systems of reports consultation is still
debated.

Some studies point to users’ fear of an inadequate level of
confidentiality of personal information and health data, lack of

awareness of access to a portal and negative experience on
first access to the portal, for example from a lack of ease use
[4]. Socioeconomic factors also could influence the use of the
portal, such as the low level of education, limited access to the
Internet and belonging to racial or ethnic minorities [5, 6].

However, once the initial problems are resolved, a recent
paper demonstrated that after a 1 year of use, 99% of the
subjects wanted to keep the users active as they find important
benefits from their use, such as a better understanding of their
planned treatments [19].

In the management of chronic disease, access to web-portal
improved adherence to drugs in patients with diabetes or pa-
tients with HIV receiving antiretroviral therapy [20].

In this paper, we present our experience on web-portal
implemented within the Lazio ESCAPE project for the digi-
talization and web access of radiological reports. We focused
the analysis on the first 2 years (2017–2019) of the services.

Table 3 Characteristics of 6720 subjects who attended the Radiology Department (Mar 2017 to Feb 2019) and propensity to web consultation of final
results

At least one consultation Total OR (95% CI) p aOR (95% CI) p
N (%)

All subjects 424 (6.3) 6720

Gender

M 235 (6.3) 3750 1 1

F 189 (6.4) 2970 1.02 (0.83–1.24) 0.871 1.02 (0.84–1.25) 0.813

Age

< 45 94 (5.9) 1589 1 1

46–65 185 (6.6) 2900 1.08 (0.84–1.40) 0.540 1.07 (0.83–1.39) 0.587

66+ 145 (6.5) 2231 1.11 (0.85–1.45) 0.461 1.11 (0.85–1.46) 0.448

Users’ residence

Rome province 363 (6.0) 6064 1 1

Other Latium provinces 42 (10.5) 401 1.84 (1.31–2.57) 0.001 1.83 (1.31–2.57) < 0.001

Other Regions 19 (7.5) 255 1.26 (0.78–2.04) 0.337 1.28 (0.79–2.07) 0.318

Year of activitya

First 216 (6.0) 3577 1 1

Second 208 (6.6) 3143 1.10 (0.91–1.34) 0.330 1.11 (0.91–1.35) 0.322

OR univariate odds ratio, aOR multivariable adjusted odds ratio using all shown variables in the final model, CI confidence intervals
a Years of activity: first year, March 2017 to February 2018; second year, March 2018 to February 2019

Table 2 Number of accesses to
the single exam: Radiology
department (Mar 2017 to
Feb 2019)

Type of exam Total N (%) Number of web accesses to the exam

1 2–4 5+ Median (IQR) Average

MRI 2509 175 (7.0) 61 (34.9) 60 (34.3) 54 (30.9) 2 (1–6) 4.04

XR 3325 124 (3.7) 42 (33.9) 61 (49.2) 21 (16.9) 2 (1–3) 3.13

CT 3234 147 (4.5) 52 (35.4) 64 (43.5) 31 (21.1) 2 (1–4) 3.44

Total 9068 446 (4.9) 155 (34.8) 185 (41.5) 106 (23.8) 2 (1–4) 3.59

MRI magnetic resonance imaging, XR X-ray, CT computed tomography, IQR interquartile range
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Our data indicate that the percentage of exams that
were actually accessed through the web-portal was 4.9%
overall, with a significant increase in the second year of
study reaching 5.4% (vs. 4.5% in the first year, p =
0.041). Even if the majority of users attending the
Radiology Department were obviously from the munic-
ipality of Rome and its province, exams accessed were
more likely from users living in other provinces of the
Region or in other Regions (p < 0.001). MRIs were the
exams mostly accessed (7.0% of total) and only second-
ly CT exams (4.5%).

There are some entirely European and especially Italian
peculiarities that explain the low confidence with the digital
services: in Europe, currently, only 56% of citizens aged be-
tween 16 and 74 have basic computer skills, and overall
Italians are ranked 24th out of 28 for computer literacy rate
and digital skills [21, 22].

A study by the European community performed in 2013 on
deployment of eHealth among general practitioners recently
updated showed the extreme variability of services, dissemi-
nation and information systems in healthcare with a low over-
all use of portals: only 1% of users use it for all reports, 4%
only for some and the remaining 95% do not use it; however,
the study underlines the poor use in radiology and the avail-
ability of online images [23].

According to age, users older than 45 years of age are those
more likely to access the service, in accordance with what was
found in the Veneto ESCAPE project [24].

In diagnostic imaging, Miles et al. in 2016 showed that
51% of patients accessed their radiological reports when they
were available [25]. Furthermore, in their paper, they found
that the use of the portal varied substantially according to the
socio-demographic characteristics: the typical user is a native
English speaker, a woman, with an age of 25–39 years.
Compared to a previous study performed in 2006 [26],
Miles and colleagues’ study showed an increase in overall
access to radiological reports from 35% of the previous
experience.

The most significant experience on this field is the one
implemented in a collaboration between the National
Institutes of Health (NIH) and the Radiological Society of
North America (RSNA) through the RSNA Image Share
Network (ISN) project, in order to make images and reports
available in the USA.

The project not only allows patients to access the images
but also to make them available to clinicians and attending
doctors also for a “second opinion” allowing the access to
the single exams up to 30 days. Over a period of 4 years
(2012–2015), more than 40,000 radiological examinations
performed on roughly 9000 patients were uploaded. Among

Table 4 Number of accesses to the single exam according to main characteristics of patients: Radiology department (Mar 2017 to Feb 2019)

At least one consultation
N (%)

Number of web accesses to the exam

1 2–4 5+

All exams 446 155 (34.8) 185 (41.5) 106 (23.8)

Gender

M 249 89 (35.7) 106 (42.6) 54 (21.7)

F 197 66 (33.5) 79 (40.1) 52 (26.4)

Age

< 60 241 96 (39.8) 102 (42.3) 43 (17.8)

60+ 205 59 (28.8) 83 (40.5) 63 (30.7)

Users’ residence

Rome province 380 126 (33.2) 161 (42.4) 93 (24.5)

Other Latium provinces 45 21 (46.7) 15 (33.3) 9 (20.0)

Other Regions 21 8 (38.1) 9 (42.9) 4 (19.0)

Year of activitya

First 190 69 (36.3) 81 (42.6) 40 (21.1)

Second 256 86 (33.6) 104 (40.6) 66 (25.8)

Type of exam

MRI 175 61 (34.9) 60 (34.3) 54 (30.9)

XR 124 42 (33.9) 61 (49.2) 21 (16.9)

CT 147 52 (35.4) 64 (43.5) 31 (21.1)

MRI magnetic resonance imaging, XR X-ray, CT computed tomography
aYears of activity: first year, March 2017 to February 2018; second year, March 2018 to February 2019
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these exams, roughly 12,000 (30%) were firstly accessed/
downloaded by patients, other medical or research centres.
Through a simple e-mail sent by the server as “alert” to the
user for not accessing promptly, the exams sent after the end
of the 30-day period of access, the number of reports access
raised to 30,000 (70%) [27].

Familiarity with the use of a computer is certainly one of
the determining factors in the choice of how to obtain images,
and in fact elderly patients, who are the population with the
greatest use of health care, often perceive or experience sig-
nificant barriers in their use of information technology. But it
is also interesting to note that when a help desk activity was
activated to help patients using ISN in 3 years, only 1128
problems were detected on 13,458 patients, which suggests
that patients were largely able to access images [28].

Considering the increased proportion of users accessing the
portal in the second year, as well as an increased quote of
multiple accesses (see Table 4).

It can be speculated that once a greater dissemination of
information and awareness of users of this new method is
achieved over time, augmented confidence of users and pro-
fessionals in this system has determined this increase. The
possibility that the users shared his/her credentials with the
attending physician/specialist would have allowed a further
wider dissemination and use of the service.

These data are substantially in agreement with the literature
and with results presented in the European Commission re-
ports [23], but lower to previously cited US data [28], even if
in their report authors referred to a system that allowed the
access to the exams not only to the single user (as in our
system) but also to the prescribing clinician and other
physicians.

A very recent study performed in US collecting data from
80 hospitals, however, showed that the patient’s direct online
access to their radiological imaging results was even lower
than in our experience (4%) while the remaining patients still
preferred the standard retrieval of their exams through a
burned CD/DVD [29].

The possibility of downloading radiological reports online
also opens the debate on the opportunity to differentiate the
timing of the disclosure of sensitive health information, such
as those contained in the radiological report, for example by
giving priority to the attending physician on the patient to
allow the preparation of the necessary therapeutic treatments
and avoid unnecessary periods of anxiety and research and
frantic internet searches [30–34].

The digitization of reports entails the saving of consum-
ables. In addition, the possibility of downloading the report
online would determine a reduction in travel costs of users
towards, in our situation, the hospital for withdraw their re-
ports, thus causing a lower pollution production.

As reported in the reports from the Veneto ESCAPE pro-
ject, it can be speculated that if the totality of radiological

reports delivered from the Latium Region would be accessed
online, our environment would be spared of a consistent
amount of greenhouse gases produced not only for users’
travel but also for the production and delivery of paper reports
and digital supports for the images [24].

This study presents some limitations firstly due to lower
numbers resulting from a recently started project if compared
to other National and International experiences, but our results
are consistent with other bigger experiences. Even if limited to
2 years of experience, an overall increase in access to the
system was observed overall. Our experience wants to repre-
sent an evaluation of the initial impact in our context of a new
methodology in order to benchmark its evolution over time,
correlating it with future technological, cultural and financial
progress.

The availability of the online report can be considered a
concrete contribution to the improvement of the quality of life,
especially for those who are older or non-autonomous, since it
makes it possible to simplify some practices and reduce the
movement of patients and carers [24].

Digitization with online access to their own reports is an
undoubted advantage for users, especially if they are not au-
tonomous, sparing time lost for travel and costs deriving. It
would determine economic savings for the Institutions in
terms of consumables and personnel costs, allowing to release
consistent resources that can contribute to the sustainability of
the health system. Digitalization of health records would de-
termine finally in positive environment effects in terms of
contribution to the reduction of atmospheric pollution.

In our opinion, a strategy to increase the spread of electron-
ic distribution of reports and images could be to incentivize
their use, also economically: both with ad hoc funds for public
health companies only (divided between Information and
Communications Technology and personal investments) and
by reducing the cost of the service for users who use the portal.
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