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Abstract
Picture Archiving and Communication System (PACS) technology is evolving leading to improvements in the PACS function-
ality. However, the needs and expectations of PACS users are increasing to cope with the rising demands for improving the
workflow and enhancing efficiency in healthcare. The aim was to study the limitations in the current generation of PACS and
solutions for improving PACS functionality. This was a longitudinal online observational study of the perspectives of PACS
professionals accessed through four online discussion groups on PACS using the LinkedIn network. In this exploratory study, the
methodology involved a thematic analysis of qualitative data comprising 250 online posts/comments made by 124 unique PACS
professionals collected between January 2014 and December 2015. Participants were mostly male (n = 119, 96%) from the North
America (n = 88, 71%). Key themes on limitations in the current generation of PACSwere image transmission problems, network
and hardware issues, difficulties in changing specific settings, issues in hardcoded Digital Imaging and Communication in
Medicine attributes, and problems in implementing open source PACS. Main themes on solutions for improving PACS func-
tionality were the integration of multisite PACS, multimedia for PACS, web-based PACS, medical image viewer, open source
PACS, PACS on mobile phones, vendor neutral archives for PACS, speech recognition and integration in PACS, PACS backup
and recovery, and connecting PACS with other hospital systems. Despite ongoing technological developments, the current
generation of PACS has limitations that affect PACS functionality leading to unmet needs and requirements of PACS users,
which could impact workflow and efficiency in healthcare.

Keywords PACS technology . Digital medical imaging . Electronic images . Radiology workflow . Ubiquitous PACS . Online
access

Introduction

Picture Archiving and Communication System (PACS) is a
digital medical imaging management system [1], which is
used in healthcare for acquiring, storing, transmitting, archiv-
ing, and accessing medical images electronically [2]. Using
multimedia solutions, PACS can integrate healthcare data in

different forms such as video recordings, text, voice, medical
records, and wave images [3].

PACS was developed in Europe in the 1970s [4] and since
then, PACS evolution has gone through different development
stages [5]. The advancement in PACS focused on the devel-
opment of imaging systems and integration in the late 1980s,
integration of PACS with health information systems (HIS)
and radiology information systems (RIS), and development
of digital imaging and communication in medicine
(DICOM) in the early 1990s, and development of PACS
workflow and application servers, e.g. enterprise PACS and
web-based PACS from late 1990s to 2010s ([6], p.17–18).

From the adoption perspective, practical implementation of
PACS began in the USA in the early 1980s [4] albeit in very
few selected hospitals [7]. Thereafter, PACS implementation
rolled out in many hospitals mainly in developed countries in
Europe [8], Asia [9], and North America [9]. Now, PACS is
widely used in many countries including both the developed
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and the developing countries [10]. In fact, PACS has become
one of the most important digital imaging tools in the radiol-
ogy landscape globally.

Adoption of PACS has not only made radiology practice
filmless [11] but also has decreased material costs, physical
storage space, and the manual labour of traditional film in
radiology [12]. In addition, PACS as an enterprise-wide med-
ical imaging IT system has improved radiology practice by
enhancing workflow, efficiency, and productivity as well as
time-saving leading to increased efficiency in healthcare de-
livery [3]. Besides radiology, PACS has also improved the
productivity and efficiency of clinicians in other clinical dis-
ciplines [13, 14]. Moreover, the integration of PACS with
other hospital systems has improved workflow and efficiency
[15]. PACS can also help improve communication between
radiologists and other clinicians [16]. More importantly, be-
yond the traditional hospital environment, PACS can play a
significant role in healthcare delivery such as interventional
radiology in the combat environment [17]. Thus, PACS pro-
vides a good return on investment [3].

However, despite above-stated benefits, PACS implementa-
tion is marred with many issues such as difficulties in integrating
multiple PACS units both within and between hospitals and in-
tegrating PACS with other hospital systems [18], limited storage
capacity, accesses issues, e.g. synchronous, multiple, and remote
access, and solutions for backup and recovery, and problems in
data migration [19]. In addition, there are challenges in enhanc-
ing radiology workflow, productivity, and efficiency [20] to keep
the pace with rising calls for improvement in health care quality
and delivery [21]. PACS users are thus calling for improvements
in the PACS functionality [4] and developing new PACS func-
tionalities [22]. Thus, PACS research and development must
continue for meeting the needs and requirements of a wider
community of PACS users who are not only radiologists but also
clinicians of different medical specialities having diverse but in-
terdisciplinary needs regarding PACS application in their clinical
practices.

There is a limited research that provides answers to three
important questions: What are the limitations in the current
generation of PACS? What are the solutions for addressing
limitations in PACS? How could PACS functionality be
improved?

The aim of the present study was to identify limitations in
PACS and identify solutions for improving the PACS func-
tionality from the PACS professionals’ perspectives.

Materials and Methods

Study Design

This is an online longitudinal observational study that in-
volved collection and analysis of qualitative textual data

comprising posts/comments made by PACS professionals en-
gaged in four online discussion groups on PACS technology
based on the LinkedIn—an online network for professionals.

Data Collection and Study Population

Online Discussion Groups

Online groups/forums are ‘computer-supported communica-
tion technologies that facilitate virtual interaction on the
Internet’ comprising different discussion threads, i.e. conver-
sations that start with the posting of a question, information,
reply, or comment on a topic of interest to members of the
discussion group [23]. As conversations continue on the topic,
the number of threads adds up and the threads get stored and
archived online in a descending order (the latest at the top and
the oldest at the bottom) on the discussion group’s webpage
and they could be accessed and read online by other people,
which might require authorised access privileges.

We captured and curated data comprising online conversa-
tions in four online discussion groups (ODGs) on PACS via
the LinkedIn. LinkedIn is ‘a business-oriented social network-
ing site’ that was launched on May 5, 2003, and its users are
more than 562 million in more than 200 countries and terri-
tories globally [24]. LinkedIn is one of the most popular and a
largest global online networking platform used by profes-
sionals of diverse backgrounds for professional networking,
employment, and discussions on issues of common interest
and exchanging knowledge and experiences in areas of exper-
tise and technical topics and issues of mutual interest such as
PACS technology. LinkedIn provides an online harbour to a
large number of discussion forums and the unique feature of
discussion forums on this online network is that the partici-
pants in each group are experts in their own fields. In addition,
ODGs break geographical boundaries and allow stakeholders
from different countries and territories to comment on topics
of their expertise and interest. In ODGs, the participants have
the opportunity to know about each other from the partici-
pant’s personal profiles via a link that contains the partici-
pant’s details such as the name, position, experience, and lo-
cation. LinkedIn has thus been used as a tool for data collec-
tion for research studies [25].

We used the LinkedIn for accessing potential research
participants and collecting data. LinkedIn provided ac-
cess to the perspectives of a broader PACS community
that included radiologists, clinicians, PACS administra-
tors, engineers, managers, vensors and technologists
from around the world.

For identifying the relevant ODGs on the LinkedIn, the
first author (MA) created an account on the LinkedIn website.
This was followed by searches for the relevant discussion
groups using the ‘search’ menu by selecting the option of
‘groups’, the category of ‘all’, and the language as ‘English’,
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which are provided in the search facility on the LinkedIn. The
search terms used were picture archiving and communication
system, PACS, radiology information system/systems, health
information system/systems, radiologist, radiologists,
radiographers, radiology technologists, PACS and medical
imaging, and PACS and digital imaging.

Searches resulted in the identification of 159 discussion
groups. We removed 13 groups that were duplicates. Thus,
we identified 146 unique discussion groups. Applying selec-
tion criteria for shortlisting ODGs (Table 1), we excluded an
additional 66 ODGs and retained 80 ODGs. Thereafter, we
read the group profiles known as ‘About This Group’ of all
retained ODGs (n = 80). Thereby, we identified 9 ODGs that
were relevant to the objectives of our study. Thus, we short-
listed 9 ODGs for data collection.

We approached all short-listed ODGs (n = 9) through the
‘Ask to Join’ facility, available on the LinkedIn page of each
ODG, for joining and accessing the groups. The first author
(MA) sent an online request to the administrator of each short-
listed ODG for joining and shared with them her personal
profile, which included the researcher’s name, current posi-
tion, and research speciality in the field of health information
systems. Only four ODGs agreed and allowed the first author
(MA) to join and access the group discussions while the re-
maining five ODGs denied permission to access to their
groups.

After joining the four ODGs, the first author (MA) passive-
ly monitored discussions and read, captured, and harnessed
online conversations including comments, opinions, ques-
tions, and answers on each of the short-listed ODGs. To avoid
bias and influence on the group conversations, the first re-
searcher (MA) did not take part in the group discussions but
collected data as a passive observer by only observing and
reading the conversations on the PACS in these ODGs.

Each of these four ODGs was accessed once every
3 months over a period of 2 years starting in January 2014
and finishing in December 2015. A 3-month gap in accessing
and observing the ODGs allowed for the accumulation of new
discussion threads/comments and topics discussed. Each of
these four ODGs had a large membership (Table 2) and
contained various discussion threads and participants’ com-
ments (posts) by members on PACS-related issues. We col-
lected all posts/comments, relevant to the study objectives,
which were available since January 2013. The process of cap-
turing conversations continued until December 2015 when we
stopped the data collection. Data collection in any threads was
terminated where there were no new posts during the last
12months from the date of access, which led to the conclusion
that most of the interaction had been recorded [26]. Using the
screen capture feature in the NVivo software version 10 for
Windows [27], all comments/posts deemed relevant to the
study were directly exported to a local database on a secure
PC that was accessed by the first author (MA) only.

Ethical Issues

The Internet is considered to be an essential medium for re-
trieving and exchanging data due to its ease of use, ubiquitous
access, and the richness of contents. However, there are both
advantages and disadvantages of using the Internet-based
ODGs as a source of data for research studies.

The advantages include access to a large amount of
data that can be collected within a short time, a collec-
tion of information from people who have similar expe-
riences and interests but are located in different and
widespread geographical areas around the globe. This
supports the research in the context and financially
and the use of Internet removes the issues of in-person
contact and provides an opportunity to the participants
to present their opinions freely without feeling that they
are being judged [28, 29].

The limitations in using the Internet as a medium for data
collection include self-selecting participants, exclusion of
some participants who might be very relevant to the study
because they do not have an access to the Internet or they have
no interest in using or participating in socio-technical media
such as ODGs. Thus, these limitations of ODGs could intro-
duce bias and limitations, which can be avoided with careful
considerations in using online sources of data for research
[28]. However, ODGs offer the advantages that overweigh
the limitations; hence, ODGs are used in research studies [25].

From the ethical and privacy perspectives, using the
Internet as a source of data and capturing conversations from
ODGs is as important as any other means of data collection
and the privacy and anonymity of both the participants and the
ODGs is paramount. Therefore, it is imperative to be mindful
and consider ethical issues in using online data and quoting
and publishing opinions of online participants [30].

We obtained ethics approval from the research ethics
committee at the first author’s university. In addition, we
obtained permission from administrators of all four ODGs
for accessing their groups and harnessing participants’
comments and posts and using them for the research pur-
pose. We stored all data anonymously and securely on a
password-protected computer that was accessed only by
the first author (MA). We have analysed and reported all
comments anonymously without mentioning the names of
either the ODGs or the individuals making the com-
ment(s) [31]. We cannot report the names of the partici-
pating ODGs due to the privacy reasons and our commit-
ment to the moderators of the groups.

In addition, the role of the first researcher (MA) in
accessing and collecting data from four ODGs was as a pas-
sive observer who only observed the discussions without any
participation and interaction in the group discussions. Thus,
we neither introduced any bias nor influenced participants’
opinions/comments and the direction of the discussions.
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Data Analysis

We analysed qualitative textual data comprising 250 posts/
comments made by members of four ODGs on PACS using
the NVivo software (Version 10 for Windows) [27]. We read
verbatim all comments and created codes and nodes in the
NVivo. We deleted duplicate codes and we combined nodes
covering the same or very similar issues. We grouped similar
nodes for creating sub-themes, which followed reviewing, de-
veloping, and finalising higher level themes using the themat-
ic analysis process [32, 33].

Results

Four ODGs on PACS involved in this study varied from each
other in terms of the number of members, the geographical
location of members, and the participants’ professional back-
ground, posts (comments), threads (discussion topics), and
members making comments. The total number of members
was 1739 in group 1, 5261 in group 2, 1833 in group 3, and
502 in group 4. The majority of participants in these ODGs
was from the North America (n = 88, 71%) followed by
Europe (n = 16, 13%) and Asia (n = 6, 5%) (Table 2).

Participants’ location by country showed that the maximum
number of participants was from the USA (n = 81, 65%)
followed by Canada (n = 6, 5%) and the UK (n = 5, 4%)
(Table 2).

Information about the professional background of the par-
ticipants showed that the most of them were engineers and
manufacturing managers (n = 33, 26.6%) followed by IT and
informatics consultants (n = 30, 24.2%) and PACS adminis-
trators and implementers (n = 29, 23.4%) (Table 3).

The total number of discussion threads (topics) observed
per group was seven threads each in group 1 and group 2, four
threads in group 3 and three threads in group 4 (Table 4). The
number of members making comments (posts) per group also
varied, i.e. 56 in group 1, 50 in group 2, 35 in group 3, and 17
in group 4 (Table 4). Some participants made comments more
than once; hence, there were 124 unique participants (Tables 2
and 3). The number of total posts (comments) extracted per
group also varied, i.e. 80 in group 1, 89 in group 2, 55 in group
3 and, 17 in group 4 (Table 4). Thus, in total, 250 posts
(comments) from all four ODGs (Table 4) were collected
and analysed.

Analysis of data from all four ODGs showed that the nature
of discussion topics (threads) was different in each discussion
group apart from one topic, i.e. medical image viewer, which
was common between group 1 (discussion thread No. 2) and
group 3 (discussion thread No. 3) (Table 4).

The thematic analysis of textual data comprising 250 posts
(comments) led to the identification of two major themes, i.e.
limitations in the current PACS and solutions for improving
PACS functionality. Each of these themes comprised different
sub-themes that are reported below.

Theme 1—Limitations in Current PACS

The theme of key limitations in the current generation of
PACS comprised six sub-themes (Fig. 1), which are reported
as follows.

Table 2 Participants’ geographical location (country and number of participants)

North America Europe Asia Latin America Africa Australia Information not
available

USA 81 UK 5 Pakistan 3 Venezuela 3 Botswana 1 Australia 1 1

Canada 6 Belgium 3 Saudi Arabia 3 Panama 1 Egypt 1

Mexico 1 Spain 2 India 2 Peru 1

France 1 Kuwait 1

Germany 1 China 1

Malta 1 UAE 1

Netherlands 1

Norway 1

Switzerland 1

Total 88 16 11 5 2 1 1

Table 1 Criteria used for selection of online discussion groups

Relevance Topic/comments/ posts relevant to the study aim and
objectives and research questions

Language English only

Group activity
and
membership

The group must be active and should
have at least 10 members

Comments per
thread

Minimum discussion comments on
each discussion thread not less
than 4 comments

Exclusions Exclusion of comments deemed to
be advertisements and sales
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Problems in Viewing, Copying, and Importing Images
and Data

Findings showed that PACS units supplied by different ven-
dors lead to difficulties in viewing and importing images due
to differences between PACS units such as not having
DICOM directories or lack of supply of all necessary files in
PACS CDs (compact disc)/DVDs (digital versatile disc, for-
merly digital video disc).

A lot of the CDs from various vendors do not have the
DICOM directory in the root directory of the CD/DVD.
This causes a lot of issues. Options are to manually copy
the DICOM files into the appropriate processing
folder(s). Or to have the vendors re-burn the CD using
strictly a DICOM format. A lot of vendors are using

Table 4 Discussion groups by threads, participants, and posts

Discussion groups and threads (discussion topics) Participants Posts (comments)

Thread ID and description Total Number that participated in
other discussion groups and threads

Times comments made

Discussion group 1
1. Future trends in PACS 11 7 16
2. Medical image viewer 4 2 4
3. PACS and the EMR/EHR 6 2 8
4. Critical problems and solution to consider while

implementing open source PACS
5 3 8

5. A plea to PACS and modality implementation engineers,
change the default AE title

18 5 28

6. Concerns about the way US modalities number images 7 2 12
7. DICOM for mobile devices 5 3 4

Discussion group 2
1. EMR and imaging: interface designs to enable viewing of

patient images in an EMR/API, URL, PDF, SC and
How well did it work, any pros or cons to share?

8 1 8

2. How much should a PACS administrator know, do when it comes to
(PACS) interfaces?

6 1 10

3. The quest for IT expertise to support healthcare technology 4 1 4
4. The RIS is dead 8 0 20
5. Tracking patient radiation dose reports in PACS 7 2 25
6. Full functional PACS using DCM4chee and e-film workstation

with some difficulties
5 1 5

7. The problem in cardiology, the stress room when sending images
to PACS it never goes on the first try, when sent a 2nd time it goes.
Any thoughts why?

12 3 26

Discussion group 3
1. 3D mammography: study storage 6 0 7
2. Scoping and planning for new PACS project at a referral hospital 8 1 13
3. Medical image viewer 7 2 14
4. Import/export DICOM on CD/DVD 14 1 21

Discussion group 4
1. Do we need a PACS solution? 9 2 9
2. How to back-up EMR/PACS data, Tape, Optical Disk, or Hard Disk? 4 1 4
3. What’s the average cost for cloud based pay per use PACS? 4 1 4

Table 3 Participants’ professional background

Professional background Count %

Engineers and R&D managers 33 26.6

IT and informatics consultants 30 24.2

PACS administrators and implementers 29 23.4

Sales and Marketing consultants 6 4.8

Regulators 5 4.0

Chief Executive Officers (CEOs) 5 4.0

Radiologists 4 3.2

Technologists 3 2.4

Clinicians 2 1.6

Miscellaneous 7 5.6

Total 124 100
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their own viewers on the CDs that use jpegs.
(Discussion group 3, Thread 4, Participant 11)
I use a number of programs – send image…My biggest
issue with CDs is that there are some vendors who don't
send Part 10 files (of DICOM) in their CDs. (Discussion
group 3, Thread 4, Participant 12)

It was also found that exchanging data via CDs/DVDs was
not only a traditional way but also very time-consuming and
expensive when all reports and images could be presented
through the Internet to both the referring physician and the
patient.

Why are facilities still using CDs / DVDs when study/
report /views can be made available to patients and ref
physicians via the internet? (It) seems really time-
consuming and expensive. (Discussion group 3,
Thread 4, Participant 13)

Issues in Data Backup, Archiving, and Recovery

The findings revealed that backup, archiving, and recovery were
critical issues in PACS. The participants argued that the recovery
system in PACS was not well developed and the PACS data
could be lost in an accident. They suggested that due to accidents
such as fire or water in the server room, there was a possibility of
losing data if it was not backed up, and the recoverywould not be
a true recovery despite paying huge costs.

One thing that enterprises both large and small need to
realise is that Disaster Recovery is not back up.…True
Disaster Recovery is a replica either online or offline of
all your data in a different geographical location. That
may be another rack in the server room or an offsite
location. Just remember a fire in the server room or burst
water main above the server room that fills the server
roomwith water, and you still have no data. (Discussion
group 1, Thread 4, Participant 3)

The findings showed that all necessary arrangements for
disaster recovery were imperative; otherwise, the recovery
would be very costly.

Disaster recovery [DR], not many people see this impor-
tant until you are hit with data-loss. I have seen hospitals
don't invest on this, but spend thousands $$ when they
get hit. Disaster recovery is not just storage - it includes
Application and Database Servers. RAID [redundant
array of inexpensive (independent) disks], Server
virtualisations are some of the key features of DR
(Discussion group 1, Thread 4, Participant 2)

Difficulties in Transmitting Images

The findings showed that some PACS users could face diffi-
culties in transmitting images.

Fig. 1 Limitations in and solutions for enhancing PACS functionality
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We have a problem in Cardiology, the Stress room.
When sending images to our PACS it never goes on
the first try, when sent a 2nd time it goes. Any thoughts
why anyone? Thanks (Discussion group 2, Thread 7,
Participant 7).

The participants suggested that difficulties in trans-
mitting images could be due to issues in the network
and the hardware. These issues were more likely en-
countered in PACS units especially the PACS devices
that were in operation for about 10 years or more. In
addition, the Internet bandwidth and speed were also
alleged to lead to difficulties in transmitting PACS
images.

Performance on the network is only as good as the
weakest link. Any device that was put into place
in the last 10 years is probably already at 100.
Hard coding it can work for misbehaving devices,
but this should not be necessary. Have your net-
work person check the speed of the port that the
device is connected to. (Discussion group 2,
Thread 7, Participant 7).

Problems in Changing IP, Hostname, AET, and DICOM
Attributes

The findings revealed that while using PACS, some partici-
pants encountered problems in changing some parameters
such as the IP (internet protocol), hostname, AET (application
entity title), and hardcoded DICOM attributes, e.g. data
element.

Using duplicate AET can also cause [a] big problem.
Particularly with QR. (Discussion group 1, Thread 5,
Participant 25)

Standalone PACS Units and Lack of Proper Tools

Some participants raised the issue of PACS units being
standalone and a lack of supply of proper tools by PACS
vendors.

I do not feel that the PACS vendors are providing us the
proper tools either. Most of our PACS vendors are still
offering Silo'd systems, Radiology, Cardiology and
some have meagre "othero logies" incorporated into
their products. (Discussion group 2, Thread 4,
Participant 2)

Limits of Open Source PACS

The findings showed that users of open source PACS could
face a number of critical issues in regard to the workflow,
security issues, and data storage, processing, and migration.

Workflow, not all open sources provide the necessary
workflow that fits your Radiology department, especial-
ly when it comes to Routing and Reporting. This needs
additional software. …. Security and HIPAA [Health
Insurance Portability and Accountability Act], simple
HTTPs [hypertext transfer protocols] are beyond the
scope of the software's alone, it needs [a] bit more than
installing software. …. Last but the most basic stuff, is
[a] plan for migration. This again first time PACS users
will ignore and will realize the moment they are hit with
bottlenecks like storage space. (Discussion group 1,
Thread 4, Participant 3)

Theme 2—Solutions for Increasing PACS
Functionality

The theme of solutions for increasing PACS functionality
comprised 14 sub-themes (Fig. 1) that are presented below.

Integrating Multisite and Intrasite PACS

The findings showed that integrating PACS units within a
hospital and between different hospitals would increase the
functionality of PACS.

… multi-site integration … and enterprise PACS.
(Discussion group 1, Thread 6, Participant 7)

The participants suggested that multisite integration creat-
ing an enterprise-wide PACS would provide a single point of
storing all medical images, which could reduce costs, mini-
mise risks, and enhance efficiency across the users and the
departments. Thus, the overall benefits of multisite integration
of PACS would lead to consolidation of medical images;
hence, delivering a better care via the patient-centred
approach.

…a single integration point for all medical imaging as-
sets, lowering costs and risks through the UCP's [uni-
versal clinical platform] ability to work with different
systems – enabling flexibility and efficiency across
users and departments. ….a solution that … drives bet-
ter care delivery through a patient-centric approach by
consolidating medical images.…. (Discussion group 2,
Thread 4, Participant 8)
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However, participants suggested a need for an advanced
level of integration of PACS systems between hospitals with
a common data governance framework.

Advanced level of Enterprise PACS integration (multi-
ple sites with a common data governance). (Discussion
group 1, Thread 6, Participant 13)

Enabling Image Transmission

Findings showed that for addressing the issue of difficulties
encountered in transmitting images, PACS users can apply
different solutions such as checking the local Internet network.

If you have a laptop with DICOM software, try plugging
the laptop into the network in the same area and see if
the performance is any different. (Discussion group 2,
Thread 7, Participant 7)

In addition, participants suggested to checking for any net-
work hardware issues for solving problems in the transmission
of digital medical images.

Sounds like a network hardware issue. ... Some switches
can take up to a minute or so to allow a network device
back on the network due to STP [spanning tree proto-
col]... Additionally, it could be an ARP caching issue
depending upon how the receiving device is configured.
(Discussion group 2, Thread 7, Participant 7)

Allowing Changes in IP, Hostname, AET, and DICOM
Attributes

For solving issues encountered in changing IP, hostname,
AET, and DICOM attributes, participants suggested the in-
volvement of PACS administrators and users in the early
stages of PACS implementation so that they have sufficient
information and directions from the installation engineers.
The involvement of PACS administrators and users was also
imperative to gain some experience in installation and imple-
mentation of PACS including how to change the naming
structure and other things.

The PACS Admin should be in control of AET naming
structure.., the PACS Admin needs to be involved dur-
ing planning stages of equipment installation. Having an
open dialog with the installation engineer is crucial.
Installation engineers (like most of us) are under time
constraints. Sometimes it's difficult to get in contact with
PACS Admins, so they might be forced to make up their

own AET's. Not a good scenario!! (Discussion group 1,
Thread 5, Participant 25)

Ensuring Data Backup, Archiving, and Recovery

The findings also revealed that ensuring backup, archiving,
and recovery were critical issues for PACS users.

Before you start backing up the data, you need to have
restored plan. Since PACS data can grow to tens of
terabytes within years, I feel, one should look for ar-
chive options and not backups for large discrete data
sets. Also, synchronous replication of the storage can
be a good option. (Discussion groups 4, Discussion
thread 2, Participant 1)

In addition, participants suggested robust plans for data
storage and migration very essential for addressing issues in
PACS data backup, archiving, and recovery.

Last but the most basic stuff is [a] plan for migration.
This again first time PACS users will ignore and will
realize the moment they are hit with bottlenecks like
storage space. (Discussion group 1, Discussion thread
4, Participant 3)

The participants, however, emphasised upon the processes
rather than the choices for the medium and tools of PACS data
storage.

Choice of storage media is not the priority. It is the
process that needs to be automatic and completely reli-
able. (Discussion group 4, Thread 2, Participant 2)

Interfacing PACS with RIS and EMR

The participants suggested that PACS must be interfaced with
other hospital systems especially with the RIS and EMR (elec-
tronic medical records). They also stressed for an expansion of
PACS interfacing for meeting the needs of radiologists and
improving radiology workflow. However, the participants
warned that these changes in the interfacing could involve
extra costs.

I guess it depends on your vendor and if you interface
your PACS with your RIS. Our vendor offers custom
fields that we can name anything we want. The techs
pull the dose info of the modality and enter this into a
custom field in PACS. We have… mapped our custom
field in PACS (using the OBR segment to map) to insert
the information into our final report in our RIS and
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ultimately our EMR.We are able to send dose info from
our CT scanner directly to our PACS, but to have this
information automatically inserted into the report costs
more than we are willing to pay now. (Discussion group
2, Thread 5, Participant 1)

Applying Open Standards for Data Interoperability
and System Integration

The findings showed that PACS functionality could be im-
proved with the use of open standards for data interoperability
and system integration and security and migration away from
Windows XP.

Security and migration away from Windows XP. User
names and passwords Access to only your patients
HIPAA compliance is [the] key! (Discussion group 1,
Thread 1, Participant 6)

Using Multidimensional Visualisation Methods

In regard to enhancing the functionality of PACS, the
participants suggested that it could be enhanced with
multiside visualisation methods with fast network access
for accessing images such as through using mobile
devices.

Fast multidimensional visualisation methods with paral-
lel processing for rendering on the server side with fast
network access from thin clients for display (mobile
devices). (Discussion group 1, Thread 1, Participant 15)

Adopting Multimedia Solutions for PACS

Participants suggested that using multimedia solutions such as
adoption of Halogenic PACS with 3D functionality would
improve the functionality of PACS.

Hologic is a system that will produce 3D images and
receiving/storage … PACS is able to store and display
processed DICOM images, but … ultimate goal [is] to
store entire study as well. ... Also, …found out … that
…PACS is able to store BTO [Baytex Organix! 2001
Language] objects and Hologic is able to query/retrieve
back. (Discussion group 3, Thread 1, Participant 4)

They also suggested that the functionality of PACS can also
be improved by using multimedia archiving and communica-
tion systems (MACS).

There are "MACS"… We have good experiences with
them. Agile, flexible, open... (Discussion group 1,
Thread 3, Participant 7)

Utilising Web-Based Solutions

Findings showed that exploiting web-based solutions such as
Web/HTTP and cloud for connecting multisite PACS and
connecting PACS with other hospital systems, e.g. RIS, HIS,
and EMR, could be helpful in enhancing PACS functionality.
In this regard, participants suggested that some supporting
technologies and solutions would be required such as
QIDO-RS, WADO-RS and HL7 (explained in the following
quote).

The Future PACS is all about Web/HTTP and should
support. Layer between RIS and PACS will get depleted
and unified. Reports and images all part of the same
archive. Easy integration with EMR, HER [electronic
healthcare records] and HIS using Rest API based stan-
dards…. Some HTTP technologies that would need to
make this happen are: Query using QIDO-RS [Query
based on ID (for DICOM Objects) by RESTful
Services], Download (retrieve) using WADO-RS [Web
Access to DICOM Objects by RESTful Service],
Upload (store) via STOW-RS [STore Over the Web by
RESTful Services], XDS-i (cross-document exchange
for imaging will use above 3 services) [Cross
Enterprise Document Sharing profile], next version of
HL7 [Health Level-7, as International standard] some
supporting links. (Discussion group 1, Thread 1,
Participant 16)

Participants also suggested the use of the cloud for
connecting multisite PACS and managing data backups and
recovery with a potential for reducing capital costs.

The cloud is a wonderful place to store data to be used
between sites, manage backup and disaster recovery,
and reduce capital expenditure. (Discussion group 4,
Discussion thread 3, Participant 4)
Multi-Tenant Primary workflow data on the Cloud at
[the] enterprise level and the images on local VNA [ven-
dor neutral archive] / PACS at Hospital level.
(Discussion group 1, Thread 1, Participant 16)

Nevertheless, participants showed concerns about using
the cloud-based solutions for PACS as follows.

However, with the cloud comes a new worry, the stabil-
ity of the vendor as a developer and as a business.
(Discussion group 4, Thread 3, Participant 4)
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Using Medical Image Viewer Applications

The findings showed that PACS functionality could be en-
hanced with ITapplications such as the medical image viewer,
which will support presenting medical images on any comput-
er installed with this application.

A medical image viewer is just an application that
doesn’t need any installation to work.…Medical image
viewer needs hardware (whatever it is) and a browser to
work. (Discussion group 1, Thread 2, Participant 2)

Exploiting Open Source PACS

The findings revealed that open source PACS could be a so-
lution for improving PACS functionality and lead to cost
savings.

Using Open source PACS at each site and a custom
Radiology Workflow solution…solved with Virtual
LAN [local area network] zone and …the MPLS
[multiprotocol label switching] connection …. This is
how we solved with a huge cost saving... (Discussion
group 1, Thread 5, Participant 24)

Accessing PACS on Mobile Devices

Participants suggested that accessing PACS on mobile phones
was a way forward to enhance the PACS functionality. Access
to PACS on mobile devices could be realised by using the
WG-27, i.e. Web technology for DICOM. In this regard, par-
ticipants suggested the use of DICOM Web solutions for
uploading DICOM images and using mobile devices as plat-
forms for presenting DICOM images on mobile phones.

…WG27 refer to these RESTful [representational state
transfer] DICOM services as "DICOM Web". I … sug-
gest we rally around it rather than invent a new one.
FHIR [fast health interoperable resources] solves a dif-
ferent problem than DICOM Web, they are not in com-
petition with one another. (Discussion group 1, Thread
7, Participant 3)

Using Vendor Neutral Archives

The findings revealed that the use of a vendor neutral archive
(VNA)—a medical imaging technology, with multimodality
platforms—would provide enterprise-wide solutions for stor-
ing, archiving, and multisharing of PACS images.

VNA & Enterprise solution to accommodate ever other
clinical documentation. MULTI modalities platform.
Sharing images rather than store them. (Discussion
group 1, Thread 1, Participant 8)

However, participants argued that sharing data between
multiple sites and institutions could not be feasible due to
clinical data governance and administrative reasons.

The big issue is access to shared data from multiple
patients’ episodes since that data is owned by different
facilities with different policies. It is more an adminis-
trative and data format issue than a technological.
(Discussion group 1, Thread 3, Participant 4)

Integrating Voice and Speech Recognition in PACS

The findings showed another solution for enhancing PACS
functionality would be integrating and using voice integration
and speech recognition in PACS, which would improve radi-
ologists’ work such as expediting data search queries.

We can also see a shift in how [the] demographics of the
patient can be queried in the work list. It will be more of
voice-based search thereby reducing the time of
Technologist and Radiologist. (Discussion group 1,
Thread 1, Participant 4)

Discussion

This exploratory study is based on the PACS professionals’
perspectives on PACS, which were captured from four ODGs
that were accessed via the LinkedIn, which is an online social
network of professionals from diverse professions such as
PACS users and vendors.We have identified a set of limitations
in the current generation of PACS devices and a range of solu-
tions for addressing the limitations identified in the current
PACS technology. The limitations identified in PACS include
problems associated with implementing open source PACS,
image transmission issues, network hardware issues, and diffi-
culties in changing specific settings such as IP, hostname, AET,
and hardcoded DICOM attributes (data element).

Some of these limitations such as difficulties encountered
in image transmission issues and changing specific settings
such as IP, hostname, AET, and hardcoded DICOM attributes
could be important issues for some users such as novice users
because these are minor issues for the expert users. Thus, these
issues do not warn much discussion from the perspectives of
the wider community of PACS users and implementers.
Nevertheless, issues such as difficulties encountered in
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implementing an open source PACS can be an important issue
from the perspectives of PACS users; hence, this issue is
discussed below.

In addition, our study has identified a range of solutions
that could help in improving the limitations in the functional-
ity of the current generation of PACS. The solutions identified
include multisite PACS integration, connecting PACS systems
between different hospitals, adopting open source PACS, and
usingmultimedia. Moreover, our study has revealed that using
web-based solutions for PACS would help in connecting mul-
tihospital PACS and connecting PACS with other hospital
systems such as RIS and HIS. More importantly, our findings
suggest that PACS onmobile phones could be useful especial-
ly for transferring DICOM images to smart mobile phone [34,
35].

The major limitations in the current generation of PACS
technology and their solutions are discussed here.

Open Source PACS

Adoption of open source technologies such as open source
PACS in medical imaging is an important development in
imaging informatics [36]. From the users’ perspective, open
source PACS is more appealing mainly because it is free of
cost [37], which is the most important issue for many PACS
users, especially in resource-poor developing countries [38],
small organisations [39], and research institutions [40].
However, our findings show that open source PACS has many
limitations such as problems in the workflow (e.g. routing and
reporting), data storage limitations, processing and migration
problems, and security concerns. These finding may suggest
that users of open source PACS should not expect that the
open source PACS would provide the same level of function-
ality, ease of use, and applications as that provided by a com-
mercial vendor developed PACS. Nevertheless, the function-
ality of open source PACS is being improved through the
addition of new applications and features [41] and more open
source PACS are available and being used [42]. However, the
adoption of open source PACS could be challenging due to
higher costs associated with the installation, maintenance, and
training as well as limited functionalities such as a limited
storage and computational capacity [42]. PACS users, there-
fore, need to consider the opportunities and limitations of both
the open source PACS and the vendor-driven commercial
PACS.

Vendor Neutral Archive and Web-Based Solutions
for PACS

Our findings show that vendor neutral archive (VNA) would
provide solutions to the problems of combining radiological
images and patient records under one system, which could be
under one control [43]. The VNA could solve the issues with

regard to the storage and viewing of medical images and it
would probably replace most of the medical image systems
including PACS in the near future [44]. However, there are
several issues associated with the VNA. For example, the
definition of VNA standards, features, specifications, neutral-
ity, interoperability, and conformance to open standards, and
costs are some of the key factors that could be significant
barriers to the adoption and implementation of VNA [45]. It
is therefore argued that addressing the key issues such as the
time, money, and expertise are essential before the VNA
technology is widely adopted and implemented by healthcare
establishments. In addition, VNA adoption has been criticised
for binding the users in a contract with vendors of VNA, thus,
nullifying the neutrality issue central to the VNA [46]. It is
therefore not unlikely that instead of VNA, some healthcare
organisations might opt for using virtual archives such as
Cloud PACS through cloud computing services for process-
ing, storing, exchanging, and using large volumes of clinical
data including medical images and because the cloud comput-
ing is associated with several advantages such as ubiquitous
access and cheaper rates, and lower maintenance and manage-
ment overhead [47]. However, cloud-based PACS and other
services are not free from limitations and challenges mainly
the data security and privacy [47, 48], which could be ad-
dressed through different means and mechanisms [49].
However, in some countries such as the UK, health and care
data only be hoisted on the cloud services in countries, such as
the USA, the UK, and other countries in Europe, where there
is a privacy shield [50].

Voice Recognition in PACS

Our findings have revealed that full integration of voice rec-
ognition in PACS would support radiologists by saving their
time. For example, the radiologist can use voice-based
searches of image databases on PACS, which could save their
time in writing queries or searching through database indices.
The importance of voice recognition in PACS has been de-
scribed as the ‘third hand of the radiologist’ (personal com-
munication by a senior radiologist and expert in PACS at the
SPIE conference 2015 on the future of the PACS). In addition,
the integration of voice recognition in PACS has been used as
one of the important features for selecting the best PACS by
radiologists [51] and PACS administrators [52]. Given these
advantages of the voice recognition, adoption of PACS with
voice recognition has begun in many hospitals, especially in
the developed countries such as the USA [53].

Nevertheless, the use of voice recognition is associated
with a number of drawbacks such as errors in voice recogni-
tion transcriptions, the distraction of the user and slowing
down of the radiologists’ productivity [54, 55]. In addition,
the use of voice recognition in PACS in hospitals in many
developing countries could be more challenging [56] for a
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number of reasons such as lack of the informatics infrastruc-
ture and systems and costs, which could favour adoption of
open source PACS and associated tools [38]. More important-
ly, certain types of medical devices despite being available are
not used by healthcare professionals due to a variety of rea-
sons such as personal choice and experience of the user [57,
58]. It is therefore likely that the voice recognition tool in
PACS might not be easily adopted and used despite it being
available in radiology departments due to radiologists’ person-
al choice and lack of training and encouragement.

Backup Solutions for PACS

Backup for PACS data is an important issue because the
existing backup solutions for PACS are inadequate, infallible,
costly, and time-consuming [59], especially because the PACS
data are growing at a very fast rate by both the volume and the
time ([60], p., 369). Thus, backup solutions for PACS are
critical especially to secure PACS data [61] and to avoid risks
to patient care due to the loss of data [62], which could occur
in an unforeseen data disaster incidences such as fire in a
server room [63] or any malign hacking activity involving
health data and healthcare organisations [64]. It must also be
emphasised that the post-disaster data recovery would not be
the actual recovery and the full backup. Thus, data backup in
PACS is an important feature in the selection of PACS from
the perspectives of radiologists and PACS administrators [51,
52]. These findings suggest that PACS developers need to
develop, and PACS implementers need to adopt, backup sys-
tems and solutions for the PACS that are robust and effective
[65].

Implications of the Findings

The findings of this study have implications for both the
PACS technology developers and PACS implementers and
users as follows.

PACS Technology Developers (Vendors) Our findings have
revealed a number of limitations in the current generation of
PACS technology. These limitations include limited storage,
limited windows in the PACS workstation, and standalone
PACS units from different vendors that do not integrate with
each other. Therefore, PACS developers need to address these
issues in the next generation of PACS.

In addition, our study has shown that there are a number of
barriers in improving PACS functionality, integration, and ac-
cessibility, and there are high costs associatedwith adoption of
the latest solutions for improving the PACS functionality. The
PACS vendors could develop and provide affordable solutions
for improving PACS functionality.

PACS Implementers and UsersWe have identified a number of
limitations in using and accessing PACS including issues in
integrating PACS such as integrating PACS developed by dif-
ferent vendors, integration of PACS between hospitals, and
integration of PACS with other hospital systems. Other issues
encountered by some users include challenges in remote ac-
cess to PACS beyond the daily workplace. Hospital managers
and PACS managers therefore need to adopt the latest solu-
tions that can help in improving the functionality, integration,
and access to PACS.

In addition, our study has shown that there are issues
around the PACS training to various types of PACS users.
Therefore, hospital managers in charge of education and train-
ing need to develop programmes for training on PACS includ-
ing the latest PACS applications. Moreover, some of the po-
tential users of PACS might have reservations for using the
PACS; therefore, there is a need to involve and consult with
these potential users of PACS prior to PACS implementation
in healthcare organisations.

More importantly, adopting the latest solutions for PACS
based on the information and communication technologies
such as web-based PACS could have implications for data
security and data loss [66, 67]. Therefore, the PACS users,
implementers, and hospital managers need to ensure adoption
of appropriate measures to ensure data security [66, 67] and
backup solutions for PACS [68] that are essential to address
the issues of potential breaches and losses of PACS data [67].

Strengths and Limitations of the Study

Strengths of this study include the collection and analysis of
rich qualitative data from a range of PACS professionals in-
volved in the development, evaluation, applications, and im-
plementation of PACS. The perspectives of these profes-
sionals were captured through unobtrusive measures, i.e. on-
line observations of 5 ODGs with their membership devoid of
any geographic limitations, which will not be possible with
either face to face, telephone interviews, or online surveys.

The limitations of this study include access to only four
ODGs via LinkedIn. There could be many more ODGs that
could have provided further insights relevant to the objective
of our study. Future research involving online data may take
a note of these limitations.

Conclusions

The functionality of the current generation of PACS is limited
due to a number of different factors but there are various
technological solutions to address these limitations in PACS
as identified in this study. Some of the solutions identified in
this study could be a technological push from the vendors’
perspectives. These solutions need to be evaluated on several
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aspects such as the cost, implementation, management, effec-
tiveness, and security, which are imperative from the perspec-
tives of PACS users. Thus, both the limitations in the current
generations of PACS and the solutions for enhancing the
PACS functionality identified in our study have implications
for both the PACS developers, users, and implementers as
discussed in this paper.

Capturing online conversations for research provide many
insights on the topic of research enquiry; however, these in-
sights are random and lack the depth and supporting evidence.
Thus, online conversations via discussion forums and groups
are more useful only for exploratory studies. Findings of re-
search studies based on online data need to be confirmed
through scientific enquiry using other means of data collection
from the population of interest.
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