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Objectives: Conventional radiological processes have been replaced by digital images and information technology systems
within South Africa and other developing countries. Picture Archiving and Communication Systems (PACS) technology
offers many benefits to institutions, medical personnel and patients; however, the implementation of such systems can be a
challenging task. It has been documented that South Africa has been using PACS for more than a decade in public hospitals
with moderate success. The aim of this study was to identify and describe the PACS challenges endured by PACS vendors
during implementation in the South African public healthcare sector. Methods: This was achieved by engaging in a meth-
odological approach that was qualitative in nature collecting data through semi structured interviews from 10 PACS experts/
participants which were later analysed qualitatively. Results: The findings show that PACS vendors have countless chal-
lenges, some of which include space, insufficient infrastructure, image storage capacity, system maturity and vendor related
concerns. It was clear that the PACS experts readily offered contextually appropriate descriptions of their encounters during
PACS implementations in South African public healthcare institutions. Conclusions: PACS vendors anticipate these chal-
lenges when facing a public healthcare institution and it is recommended that the hospital management and potential PACS
stakeholders be made aware of these challenges to mitigate their effects and aid in a successful implementation.
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l. Introduction
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Over the past few decades, there have been some major
changes in radiology practice and in medical imaging tech-

nology worldwide leading up to the changeover of medical
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imaging machines to a digital format replacing the common-
ly used X-ray film [1]. These revolutionary changes include
the introduction and broad use of Picture Archiving and
Communication Systems (PACS), a sub-division of health-
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care information systems (also called medical information
systems or clinical information systems), which has modi-
tied workflows in hospitals and increased clinical efficiency
between healthcare practitioners and patients [2]. A simple
PACS workflow is shown in Figure 1.

PACS forms an integral part of medical imaging informat-
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ics, which concerns itself with the development and adapta-
tion of techniques from medicine, engineering, computer
science and other fields to create and manage medical data
and knowledge and improve clinical care [3]. During the last
few years, PACS technology has been adopted by many ra-
diology departments within South Africa, particularly in the
private sector [4]. The South African Department of Health
recognized the potential benefit of PACS and consequently
endorsed its implementation in the South African public
health sector to benefit the wider population [5]. The public
helath sector is massive compared to the private sector and
treats almost 90% of the population. Table 1 lists the number
of public and private clinics and hospitals there are in South
Africa and the number of beds per provance.

After all this time, even with several deployment efforts
for PACS combined with the support of the Department of
Health, the systems were not operating successfully and only
a small number of PACS were fully operational [6]. The suc-
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Figure 1. A Picture Archiving and Communication Systems (PACS)-
based workflow.

PACS-based workflow

PACS Implementation Challenges

cess of PACS implementation is based on the vendor’s ability
to meet a list of requirements such as desirable features, sys-
tem uptime, ease of use and professional training programs
defined by the stakeholders such as radiologists, PACS ad-
ministrators, radiographers and others [7]. A PACS vendor
represents the company that sells, installs and implements
the healthcare information systems.

The current situation in South Africa is one such where
medical equipment vendors (PACS vendors) become ex-
clusively responsible for the appropriate implementation of
the equipment and its accompanying software; their exper-
tise and skills are heavily relied upon by the Department of
Health and its users. PACS implementation projects are typi-
cally handled by vendors until the project is handed over,
and even after the handover, external expertise is available
until the system is classified as a success [8]. With almost
60%-70% of all software implementation projects failing in
healthcare, it is agreed that healthcare information technol-
ogy is difficult to implement, and the manner of implemen-
tation is best left to the actual vendor [8,9]. Supporting the
PACS vendor is deemed crucial at the primary implementa-
tion stages to achieve a successful project [8]. This can be
achieved by persuading vendors to be held more responsible
for their involvement in the PACS project [10].

A number of PACS related studies conducted international-
ly have included participants such as radiologists, technolo-
gists and referring doctors, but few have gathered data based
on vendor and expert reviews from a developing country
[2,11,12]. Most investigations have considered a single, or
at best, a small number of factors that contribute to a frag-
mented view of PACS success. PACS implementation from
an institutional perspective is also generally reported [13]

Table 1. The number of public and private clinics and hospitals and the number of private and public healthcare facility beds avail-

able in 2014
PONV Public Private

Clinic Hospital Beds Clinic Hospital Beds
Eastern Cape 731 91 13,200 44 17 1,723
Free State 212 34 4,798 22 13 2,337
Gauteng 333 39 16,656 286 83 14,278
KwaZulu-Natal 592 77 22,048 95 12 4,514
Limpopo 456 42 7,745 14 10 600
Mpumalanga 242 33 4,745 23 13 1,252
North West 273 22 5,132 17 14 1,685
Northern Cape 131 16 1,523 10 2 293
Western Cape 212 53 12,241 170 39 4,385
Total 3,863 407 85,362 610 203 31,067
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rather than at the vendor level. To summarize, past empiri-
cal and evaluative studies have provided limited discussion
on the conceptual frameworks for holistic or comprehensive
understanding of PACS success or systematic and practical
descriptions of challenges endured in a developing country.
The outcome would enable healthcare management and
users and vendors to anticipate possible challenges during
implementation that would later mitigate their downside ef-
fects.

Thus, the aim of this study was to identify and describe
PACS challenges endured by PACS vendors during imple-
mentations in South African public healthcare institutions.
This was achieved by engaging in a methodological ap-
proach that was qualitative in nature and collected data
through semi-structured interviews from 10 PACS experts/
participants.

Il. Methods

This study used an interpretive qualitative research ap-
proach. It enabled an information rich narration of a popu-
lation of PACS vendor employees with the aim to capture
data of their live experiences and to report on their mean-
ings and understandings in context [14]. Ethics permission
was sought and granted, by the University of KwaZulu-Natal
(UKZN) Humanities and Social Sciences Research Ethics
Committee as this study (No. HSS/1582/016M) was com-
pleted in partial fulfilment for a Masters of Medical Science
in medical informatics. Permission to perform the study was
also obtained from the UKZN Registrar’s Office and was
conducted with the participants’ consent.

The study population consisted of PACS experts currently
employed by a PACS vendor with a minimum of 2 years
implementation experience within a South African public
healthcare institution. Convenience sampling was used, and
participant selection was based on both the judgement of the
researcher and the availability of participants. Ten partici-
pants were selected for this study, and the cohort consisted
of PACS managers, application specialists and technicians.

The data were collected by a qualitative approach utiliz-
ing semi structured interviews. Participant interviews were
audio recorded, numbered and transcribed for detailed
thematic analysis. The analysis aimed to capture and nar-
rate the subjective experiences and understandings of the
participants. Reading and re-reading of the transcribed
information steered the author into classifying key themes
which were subsequently used to establish connections and
associations with the aims of this study. After identifying the
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themes, the authors re-interviewed the participants asking
about their opinions on the emerging themes.

I1l. Results

1. Biographic Details

Table 2 provides a summary of the demographic details of
the respondents including age, years of experience, current
designation and prior work experience. The vast majority
of the respondents (7 of 10) were between the ages of 25-40
years old with predominantly prior medical and IT experi-
ence.

2. PACS Implementation Challenges

From the ten individual interviews conducted with the
specialists who have implemented PACS in a South African
public healthcare institution, 12 sub-themes emerged as re-
lated to the above-mentioned main research question. These
themes and key themes are listed in Table 3. The direct
narratives of the respondents are italicized and indented. A
PACS vendor’s customer refers to radiologists, radiographers
and referring doctors specifically.

1) Space & inappropriate furniture

The respondents noted that space is a great challenge be-
cause space is needed for the deployment of PACS worksta-

Table 2. Summary of demographic details of the respondents

n

Age of respondents (yr)

25-35 4

35-40

240 3
Years of experience

2-4 3

4-8

=8 4

Current designation
Application specialist
Technicians
Managers

Prior work experience
Medical
IT

Engineering
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tions and ancillary devices, for working in the PACS server
room and for users to operate the PACS. The narratives sup-
porting these statements are noted below:

Space is always an issue;
Space for your switch cabinets and running the cables;
They don’t have a dedicated server room;
The server room is also very small;
There is no space to work on the computer.

In addition to needing space, the respondents noted that
the correct furniture is needed for the placement of worksta-
tions in an ergonomic manner.

There were no desks;
The correct furniture for radiographer’s desks and workstations;
Ergonomically challenging.

Third, the respondents noted that space could be made avail-
able by removing old equipment which is a laborious task.

Vendors are tasked with finding a place to put all this equipment;
Getting rid of old equipment to make space for new ones can
take some time.

2) Insufficient infrastructure

Respondents in this study described power cuts, the lack
of stable power and insufficient networks installed by the
healthcare institution as some of their major infrastructure
related challenges during PACS implementations. The above
statements are supported by the narratives below:

The biggest issue in this country is the power cuts;

Table 3. Summary of all key themes

PACS Implementation Challenges

Power cuts blow your power supply and your hard drives;
No physical infrastructure like network, power;
Hospitals need to take on the costs of networking in order to
reap the full benefits from the system so no skimming here;
In certain buildings, old ones, it becomes difficult to run network
and cables.

3) Protection of equipment

Protection of IT equipment was noted as a challenge by a few
respondents who stated that the old X-ray dark rooms were
converted to server rooms which are still not safe enough
to store patient image archives evident by the following re-
sponses.

Someone can drill through the wall, puncture a pipe and spray
your IT equipment;
The fact that there can be drains in these rooms mean there
can be flooding.

One respondent noted that there is a need to train users on
proper downtime procedures for when there is a power fail-
ure to minimize damage to equipment.

Users don’t switch off the PC’s when there is a power cut.

One respondent mentioned that theft of equipment was a
concerning factor.
Theft is also an issue.

4) Hospital financial constraints

Budget is an important factor in PACS projects, and this is
one of the challenges noted by the respondents. Respon-
dents mentioned that the reduction in the healthcare budget

Challenge

Possible solution

Space and inappropriate furniture
Insufficient infrastructure
Protection of equipment

Hospital financial constraints

Lack of IT knowledge

Resistance to change

Image storage capacity

System maturity

Software and hardware encounters
Maintaining the radiology workflow

Vendor related concerns

Proper situational and needs assessment
Government and private sector support
Government and private sector support
Government and private sector support
Training

Proper change management processes
Adequate needs assessment

Regular maintenance and evaluation
Regular maintenance and evaluation
Regular maintenance and evaluation

Regular maintenance and evaluation
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means that the best solution for the institution is not often

purchased as demonstrated below:

There’s never enough money to purchase the best equipment
for the hospital;
It’s always too low for what you need to put in;
Its cut down so much... the correct solution does not get installed.

Additionally, the extra costs of buildings and construction,
which are desired for the supporting infrastructure, are not
factored in to budgets. Hospitals do not prepare a budget for
future upgrades and the maintenance of a system or budget
for theft of equipment. The narratives which supported the
above statements are noted below:

They don't ever factor in the building works, infrastructure,
etc.;
They don’t see a need to upgrade the equipment during the
years;
Always additional costs incurred due to theft and not enough
PCs to be allocated to all wards;
These costs cannot be skimmed since it affects the running of
the PACS long term;
Budget needs to be allocated to PACS maintenance every year.

5) Lack of information technology knowledge

Respondents noted that computer literacy and a general lack
of IT knowledge are contributing factors to the challenges of
implementing PACS in South African public health institu-
tions. The supporting statements are given below:

Their lack of IT knowledge makes implementation difficult;
In this country in the public sector, computer literacy is one of
our biggest problems;

Lack of IT knowledge is a major issue.

6) Resistance to change

The respondents noted that a general resistance from all staff
members is perceived during a PACS implementation in the
public healthcare sector. Fear of technological change and
its accompanying lack of leadership are some of the factors
noted. The supporting narratives are noted below:

People who are not familiar with technology... they were very
scared;
They're also a bit reluctant to learn about the new software;
Change is always difficult especially in the medical arena since
it is a highly stressful environment;
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Nobody wants to take the lead and learn about this system.

7) Image storage capacity

Image storage capacity refers to the amount of images the
PACS can store until no new patients can be archived. Re-
spondents noted that healthcare institutions do not project
their storage needs accurately, and radiological image stor-
age space is depleted in the coming years which are noted in
the below narratives:

They need to budget for additional storage going forward;
Not enough storage space and customers don’t project their
storage needs accurately;

The PACS archives are always running out of space.

8) System maturity

System maturity deals with the actual ageing of the PACS
and the ongoing support and upgrades needed to keep the
system operational for a longer period than initially antici-
pated. Respondents noted that customers do not know the
system’s life expectancy, and they do not plan for service
level agreements (SLA) after the initial warranties expire.
Furthermore respondents recommend a SLAs or extended
warranties be pursued for ongoing support. The associated
statements are noted below:

They feel like once the PACS is installed it must run for its life
expectancy;
Recommended that the public sector has an SLA to manage
that;
Ifit’s out of warranty then it becomes an issue because we can’t
attend to their problems.

9) Software and hardware encounters

A few respondents noted that there are clearly visible hard-
ware and software challenges that vendors endure during
PACS implementations as noted below:

There could be quite a lot of issues regarding hardware;
Software usability issues and challenges will always be present.

These challenges seemed to have come from the use of
maintenance contracts or SLAs. Vendors believe that soft-
ware has bugs and those bugs can be eliminated with soft-
ware upgrades; however, these upgrades become costly if
there is no service contract in place. The supporting state-
ments are noted below:

https://doi.org/10.4258/hir.2019.25.4.324
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Software upgrades are expensive if no SLAs are in place;
Constant upgrades of both hardware and software and cus-
tomers need to be aware of this;

Sometimes new versions need to be bought to eliminate bugs
and this is costly for the consumer.

Moreover, the non-conformity of certain DICOM (Digital
Imaging and Communication in Medicine) protocols that
exist whilst integrating modalities to the PACS can be time
consuming as seen below:

Sometimes the DICOM doesn’t conform and you end up
spending a lot of time working your way around that.

10) Maintaining the radiology workflow

The PACS radiology workflow has many advantages for the
department; however, maintaining the correct workflow is a
challenge in the South African public healthcare sector. The
below responses state that there are always workflow issues,
and there is difficulty in maintaining it:

There are workflow issues all the time;
Sticking to it is probably the most difficult part.

It is well-known by the respondents of this study that
workflow related issues are the responsibility of the vendor
and proper workflow training, and those improvements in
the workflow operations process can only be visualized once
the entire implementation is complete. The supporting nar-
ratives are listed below:

Users need to be trained on workflow changes between analogue
and digital;
Users need to be shown how these new work processes will
impact their daily lives;
Workflow improvements can only be seen once the entire
implementation process is complete.

11) Vendor related concerns

PACS vendors operating in South Africa also have their own
set of challenges that are merely vendor related having a
token impact on PACS implementation challenges and are
worth noting. Lack of specialist training for all staff, lack of
man power on large projects and timely professional support
from international manufacturers are deemed the most note-
worthy challenges as described by PACS vendor employees.
The narratives supporting the above discussion can be seen
below:

Vol. 25 e No.4 e October 2019
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Manpower is not enough;
Lack of specialist training;
Professional support from international manufacturers.

12) The single greatest challenge

The single greatest challenge identified by the study respon-
dents is operator related. Respondents were tasked to name
the greatest challenge anticipated during the implementa-
tion, and it was the healthcare user (operator) of PACS that
was mentioned for varying reasons. These reasons point to a
lack of training supported by the following narratives:

90% of the time it is always the medical staff doing something
wrong;
Not capturing the patient in the correct format in the correct
places;
There is a clear lack of IT and PACS training.

Furthermore, respondents mentioned that a reluctance to
attend meetings, unmet customer expectations, resistance to
change and employee interactions are all user related causes
of PACS implementation failure. The narratives supporting
the claims are noted below:

They do not attend meetings;
They just don’t want to adapt; People within the department
do not help each other;
There is a big gap in understanding as to what the system can
do and what it is meant to do.

IV. Discussion

A summary of the challenges that vendors face is shown in
Table 1. A general lack of space to position the PACS work-
stations and its accompanying peripheral devices was inten-
sified with the absence of proper furniture limiting the po-
tential for their use. Triegaardt [6] concurred by noting that
the resistance from users during a PACS implementation in
the Eastern Cape, South Africa was generally due to minor
system changes such as uncomfortable ergonomic position-
ing of equipment. The current situation leaves the PACS
vendor responsible for the positioning of these workstations
and the removal of the older equipment which is said to be
a laborious task. Moreover respondents noted that old X-ray
darkrooms are often converted to unsafe server rooms with
the possibility of damage to the equipment. In South Africa,
there is a lack of physical infrastructure like rooms, offices
and general space [15]. This has been identified as a problem
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by the vendors as well.

The most important elements of a sufficient infrastructure
needed for PACS deployment are power and networking as
noted by the respondents. Similarly, the failure of Limpopo’s
health system in 1999 had comparable examples of infra-
structure problems that included difficulties identifying the
appropriate computer rooms with air conditioning, reliable
power and installed local networks which was delayed by a
concurrent plan to upgrade hospitals [16]. South Africa has
a general problem with power and electricity that affects all
sectors, including business and healthcare [17]. This clearly
also poses a challenge to PACS implementation as the entire
system depends on stable power.

The lack of financial support was the most significant bar-
rier to successfully implementing information technology
in healthcare from both the clients’ and vendors’ perspective
[18]. Moreover, funds are available, but vendor contracts
limit system adjustability, and governmental systems limit
the options that hospitals can purchase [6]. Other barriers
include the additional costs of space modifications, budgets
for future upgrades, maintenance of the system and replace-
ment for theft of equipment. Respondents noted that theft is
a concerning factor in the South African healthcare sector.

A general lack of IT knowledge was noted as a challenge
that impaired the implementation of PACS systems because
PACS software training is reliant on a basic understanding
of IT. This has been also reported in the healthcare domain.
In a recent study that determined the perceptions of health-
care workers in Africa on IT, only 40% had seen a computer
in their lifetime, and only a meager 29% had received basic
computer literacy training [19]. This is a major challenge to
vendors during PACS implementation. If the users are not
even computer literate, there will be major issues with using
the PACS systems.

A general resistance to change was reported with PACS
users lacking I'T experience said to be the most reluctant. In
addition, there is a lack of leadership and change manage-
ment which creates challenges during implementation and
training phases of the project. Lorenzi and Riley [20] advo-
cated that organizational resistance always occurs during
the implementation of new healthcare information systems.
Along similar lines, the PACS workflow was reiterated by
the respondents suggesting that operators do not follow the
guidelines set out at the planning stages. In addition, it was
noted that the workflow related issues are the responsibil-
ity of the vendor, and proper workflow training along with
process improvements can only be visualized once the entire
implementation is successfully accomplished.
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Respondents noted that healthcare institutions do not proj-
ect their storage needs accurately, and hospitals often have
their storage space depleted meaning they will not be able to
archive any more patients. Moreover, customers are unaware
of the system’s life expectancy, and they do not plan for
SLAs after the initial warranties expire. System maturity was
stressed as a challenge. Because South Africa has been im-
plementing PACS for over 10 years, there are many systems
operating without possible service contracts in place trans-
lating into higher costs and system instability. PACS vendors
endure many software and hardware encounters, some of
which are expected such as software bugs that can easily be
eliminated with system upgrades. It was generally advocated
by the respondents that all these matters are of no concern
when the customer has an active SLA but can become costly
when there is no service contract in place. PACS vendors en-
dure some of their own challenges that have a token impact
on PACS implementations. Lack of specialist training, lack of
man power on large projects and timely professional support
from international manufacturers are the most salient points
because these can lead to implementation delays and dis-
satisfied customers contributing to the resistance mentioned
earlier.

The study respondents were tasked to name the great-
est challenge anticipated during the implementation, and
it was the healthcare user (operator) of the PACS that was
mentioned for varying reasons. A lack of training was noted
with either the current PACS, basic IT or an interconnected
system that transmits data to the PACS. It is well-known that
users have unfounded expectations of the system, and this
has proven to be challenging for the PACS vendors. Further-
more, respondents noted that users are reluctant to attend
PACS meetings aimed at solving some of these challenges.
As a final point, users were observed not helping each other
with PACS related queries during implementation which
if achieved can reduce the constant training liability of the
PACS vendor.

Understanding and evaluating PACS implementation chal-
lenges are paramount in developing countries where many
unforeseen encounters can take center stage by triggering a
system to fail. The results of this paper indicate that space,
insufficient infrastructure, image storage capacity, system
maturity and vendor related concerns are the more pertinent
challenges noted by the study respondents among others.
PACS vendors anticipate these challenges when facing a
public healthcare institution, and it is recommended that the
hospital management and potential PACS stakeholders be
made aware of these challenges to mitigate their effects and
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to aid in a successful implementation.
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