IMAGING INFORMATICS
PROFESSIONALS IN NEW
ZEALAND HEALTHCARE

Kevin Hughes

A thesis submitted in partial fulfilment of the
requirements for the degree of Master of Health Science

Unitec Institute of Technology
2012



Unitec

Institute of Technology
- T WHARE WARANCA O WAIBAKA

DECLARATION

Name of candidate: Kevin Hughes

This Thesis/Dissertation/Research Project entitled “Imaging Informatics Professionals in
New Zealand Healthcare” is submitted in partial fulfilment for the requirements for the
Unitec degree of: Masters of Health Science (MRT)...

CANDIDATE’S DECLARATION

| confirm that;

e This Thesis/Dissertation/Research Project represents my own work;

e The contribution of supervisors and others to this work was consistent with the Unitec
Regulations and Policies.

e Research for this work has been conducted in accordance with the Unitec Research Ethics
Committee Policy and Procedures, and has fulfilled any requirements set for this project
by the Unitec Research Ethics Committee.

Research Ethics Committee Approval Number: 2012-1028

Candidate Signature: ..........cooovvviriiiriniiiir e eieeereenaas Date: 07/12/2012

Student number: 1198473 ..o


http://www.unitec.ac.nz/

ABSTRACT

This study investigated the Imaging Informatics Professionals in New Zealand Healthcare. It
is a qualitative study which examined who is currently performing this role while analysing
their experience, background and educational qualifications to do so. In addition it also
examined the continuing professional development of these individuals and what are the
current and projected functions of this role both internationally and in New Zealand.

This emerging/evolving role originated from the expansion of Diagnostic Imaging into the
world of digital imaging and its further progression into the realm of medical informatics. It
has grown from that of a Picture Archiving Communication System (PACS) and or
Radiology Information System (RIS) support person to its current position with the greater
integration of electronic patient records for all forms of digital imaging and reports. New
Zealand Healthcare has a goal of an easily accessible electronic patient record by the end of
2014 and is progressing to this end. With the boom in the amount of data generated by
current information and imaging systems, it follows, therefore, that the role of the Imaging
Informatics Professional (11P) has to grow to support these systems and assist in attaining that
goal. Additionally they must provide enhanced, efficient, secure and functional care for the
patients and end user clinicians while maintaining these features in the respective

departments that contribute the data.

This research has demonstrated there is a diverse group of individuals undertaking this role to
varying levels across the District Health Boards of New Zealand. The lack of availability of
formal training and post graduate courses has been overwhelmingly demonstrated and may
well be a contributing factor to the lack of published New Zealand literature. Most of the
individuals surveyed have learned what they know from their vendor(s) and on the job.

Many feel that the biggest issues are in not knowing what they don’t know and therefore not
having a full understanding of the Imaging Informatics field.

Whilst there are some on-line courses offered predominantly from the United States and
Canada, training programs are almost non-existent in Australasia. As most respondents
indicated their desire to do some form of additional training if it was provided, lack of

accessibility to local training only serves to compound the issue. Of those surveyed and
interviewed, only one (1) has obtained any formal certification in PACS administration.

Today the two (2) available certifications are provided by professional organisations located



outside of Australasia and not from recognised educational institutions. Both of these
certifications are by examination only. Only one of the two organisations that offer these
examinations is currently available on-line in New Zealand at the participant’s leisure. The
other can only currently be sat in an approved supervised location (the closest is in Australia)

in pre-defined semi-annual sittings.

The numbers of IIP’s in New Zealand healthcare is very small and may well not justify a
formal education or regulatory body. However, most feel there is a need for some education,
regulation and recognition of what they overwhelmingly agree is a unique advanced practice
role, and one which they and the literature, recognise as a very critical component of the

patient care chain.

It is clear that the field of Imaging Informatics will only grow in the foreseeable future in
order to provide the support services that are required to maintain a best practice environment
for New Zealand. It follows, therefore, that there is a need for both education and regulation
of the 11P’s in New Zealand. In addition, the global nature of today’s health care industry
may well demand that the education, standards and regulations, conforms not only to that of

our Asia-Pacific neighbours, but also those of the international leaders in the field.
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CHAPTER 1 INTRODUCTION

This study investigated the Imaging Informatics Professionals (IIP’s) in New Zealand
Healthcare. It is a qualitative study which examined who is currently performing this role
while analysing their experience, background and educational qualifications to do so. In
addition it examined the continuing professional development of these individuals and what
are the current and projected functions of this role both internationally and in New Zealand.

Therefore the questions that this project has researched are: What are the roles, tasks and
responsibilities of the Imaging Informatics Professionals in New Zealand, who is performing

them; what educational resources do they need and what support is available to them?

Many patients will be referred for medical examinations that will produce images and
associated information. The majority of these will be performed within the Medical Imaging
Department while others will be performed in a variety of departments across the healthcare
field. From receiving the referral request, scheduling and corresponding the appointment
details and preparations, registering the patient demographic details, performing the
examination, reviewing the images, recording, accepting and distributing these results, there
are a variety of systems involved that will require the support of Imaging Informatics

Professionals.

Dr. Steven Hori, in Bui and Taira, refers to the definition of Imaging Informatics by the

Society for Imaging Informatics in Medicine (S11IM) which describes the field as:

“A relatively new multidisciplinary field that intersects with the biological sciences,
health services, information sciences and computing, medical physics, and
engineering. Imaging Informatics touches every aspect of the imaging chain and
forms a bridge with imaging and other medical disciplines” (Bui & Taira, 2010, p.

viii).
In a Scientific Computing article, Sequera states Imaging Informatics

“consists of accurately capturing images, extracting pertinent raw data, analysing

that data with great precision, displaying it in a readily comprehensible form, sharing



it with colleagues and other professionals, and applying the information gained to the

context of individual disciplines to extend the knowledge base” (Sequera, 2004, p. 18)

Revolutions in the fields of medical imaging and biomedical informatics have provided the
impetus to develop this emerging role and career path. Hori further states that “from a high-
level perspective the healthcare process can be seen in terms of three clinical questions, each
related to aspects of the scientific method. For any given patient, the physician has to”

investigate:

1. What is wrong (develop a hypothesis);
2. Determine how serious the problem is by using diagnostic procedures (i.e.
experiment) and;

3. Interpret the result to decide what needs to be done (analyse and conclude).
This is further qualified when the author states that at each of these stages, “health care
imaging takes on a critical role” (Bui & Taira, 2010, p. 4). This infers that the use of Imaging
Informatics can be developed by following these scientific methods. Imaging Informatics
must therefore incorporate a wide variety of skilled individuals, terminology, systems and
integrations covering all aspects of a patient’s healthcare process. These items should then be

integrated utilising scientific methodology in order to accomplish this critical role.

In some departments, the evolution of the IIP unknowingly began in the early 70’s, when
departments began migrating from paper—based systems to computerised Radiology
Information Systems (RIS) and the need for support personnel was identified resulting in the
RIS Administrator role being born (Lyche, Richardson, Maliff, Romlein, & Norton, 1999;
Wiltgen et al., 1993; Winsten & McMahan, 2000). In the 80’s with the coining of the term
PACS, (Picture Archive and Communication Systems), the beginnings of the archival and
distribution systems emerged with a realisation that support personnel were also required for
these systems and initially these individuals were predominately identified as PACS
Administrators (Huang, 2003b). Frequently the person appointed to this role was the Medical
Radiation Technologist (MRT) with the most computer interest or knowledge within the
radiology department or the team leader of a specific modality (Cabrera, 2002b; Hasley,
2002; Redfern, Horii, Feingold, & Kundel, 2000; B. Reiner, 2002; Siegel & Reiner, 2003).

This in turn contributed to the early modality-centric approach adopted by most systems.

The overwhelming adoption of the DICOM and HL7 standards by vendors also allowed for a

common language for the integration of the imaging and information systems data and to



facilitate the communication with the systems responsible for hospital patient health records
(Blazona & Koncar, 2007; Freiherr, 2009; Huang, 2010). In turn this required a higher level
of understanding and cooperation with the central information technology departments to
ensure these communications were properly interfaced or integrated and efficient for
enterprise wide exchange and benefit. As the years have progressed there has also been
tremendous increase in the capacity of the software, hardware, networks, integrations and
interoperability of not only the PACS and RIS systems but all healthcare informatics systems.
This was reflected in the growth and acceptance of these systems in the healthcare
environment (Huang, 2003a). In conjunction with this acceptance was the growth of
standards, legislation and accreditation requirements, which the individuals in this role were
required to comply with to maintain compliance, accreditation and even funding (Shrestha,
2012). The modality and department centric role of the RIS and/or PACS Administrator has
rapidly evolved over the last 20 years and has had a name change to reflect the expanded role,
tasks and responsibilities required to cover all aspects of Imaging Informatics and it’s
evolution into a patient-centric focus. It is still however a role which is being predominately
filled by MRT’s, IT, administrative and management personnel with cross training to provide

all these requirements (Gould, 2009; Hagland, 2009a; Hayes, 2006; Honea, 2001).

After a relatively short period of time it was recognised that there was a need for formal
certification of the IIP as the role has expanded past that of the training of most
Radiographers and IT personnel and expanded to its own unique role. Two main pathways of
certification were developed, firstly by the PACS Administrators Registry and Certification
Association (PARCA) which was later followed by the American Board of Imaging
Informatics (ABII).

PARCA was formed in 2005 and has been offering certification examinations accessible
around the world via the internet since that time. They offer five different levels of
certification which “provides a roadmap for required skills and a baseline for evaluating
available training programs”(PARCA, 2012a). In recognition of the changes in the current
environment, PARCA introduced two new levels of certification in 2012 to recognise the
move towards Electronic Medical Records (EMR). PARCA has over 2000 members and has
issued 891 certificates worldwide. There is a member of the board of directors from
Australia which has 24 current members and seven of those are certified. New Zealand has

five current members however only one of those is certified (Grazer, 2012).



The Society for Imaging Informatics in Medicine (S1IM) evolved from the Society for
Computers Applications in Radiology (SCAR) which also incorporated The Radiology
Information System Consortium (RISC). SIIM, in conjunction with the American Registry of
Radiologic Technologists (ARRT), created the independent American Board of Imaging
Informatics (ABII). This partnership led to the development of the Certified Imaging
Informatics Professional (CI1IP) examination and its requirements, after the decision to pursue
this was reached at the 2005 SIIM annual meeting in Orlando, Florida. The first exam was
held in 2007 and today there are more than 2000 members of SIIM with 934 CIIP’s from
around the world currently on the register (ABII, 2012). The examinations for the ABII
certification are only held twice a year in recognised education centres. A review of the

database for the ABII as of November 2012 shows there is only one New Zealand CIIP.

Both of these certification bodies have requirements that must be met prior to being permitted
to sit the examinations. They also both have a five year certification cycle which mandates

Continuing Professional Development requirements (CPD) and membership.

Imaging Informatics is a relatively young and expanding field which currently has very
diverse implementations throughout the world (Fernandez-Bayd, 2011). This has led to an
even more varied level of integration with other hospital and community systems. The
individuals tasked to support these implementations and associated software applications are
from a variety of clinical, technical, management and clerical backgrounds which also adds

an element of diversity towards who is performing this role.

The information that was sought in this project is predominately qualitative in nature; the
main target group being the imaging informatics professionals in New Zealand healthcare.
These are the individuals who provide day to day support to the end users of the Imaging
Informatics applications. The project investigated the training, background and CPD
available to assist with administering and enhancing the Imaging Informatics systems. The
information obtained was used to assess the level of integration that the individuals,
departments and professions involved are currently supporting and what educational support
they require to perform their role and prepare for the future.

The complexity of this field requires the understanding of the subtleties that influence the
role. Any training, educational or other perceived shortcomings with current
implementations or known future system enhancements were investigated. Other issues that

arose from the literature, data and observation that were preventing or hindering the



development of these I1P’s to improve patient care and utilisation of these systems were also

investigated.

The overall aim of this research was to arrive at some recommendations for future best
practice for the professional development of Imaging Informatics Professionals in New
Zealand This will assist in determining what can be done to support Imaging Informatics
Professionals in their role both now and in the foreseeable future. In addition it examined
disparities in current roles and educational backgrounds and combined this with the

information obtained from the literature review.

Chapter 2 discusses the background of this role. This is followed by chapter 3 reviewing the
pertinent literature. A review of the processes followed for this research including ethical
consideration and an evaluation of the methodology is in chapter 4. This is followed by a
presentation of the results in Chapter 5 and a review of the data obtained is discussed in
chapter 6. To conclude, chapter 7 provides a summary with the key findings, implications

and recommendations.



CHAPTER 2 BACKGROUND

For many years “Medical Records” was the responsible department for the compiling,
maintaining, cataloguing, coding, distributing and archiving of all the patient information that
was recorded in the healthcare setting. This was very time-consuming, required a lot of
resources and was subject to the errors of human intervention. The arrival of the computer
and then software applications along with increased networking speeds and protocols able to
support this function was shown to greatly improve patient care. The Medical Informatics
departments emerged and evolved from these advances and the changes required while

coordinating and maintaining all the information that these new systems generated.

| have been a qualified MRT for over 25 years, and have been employed in a variety of roles
and modalities which has allowed me the opportunity to follow the digital invasion of the
field. 1 began in the early 80’s with exposure to the rapid growth and change in CT Digital
Fluoroscopy and Ultrasound along with the personal computer. In the mid 1990°s I was
managing radiology departments, purchasing equipment using the DICOM standards and
implementing RIS systems to migrate away from the paper based file systems and to provide
statistical data while observing the explosion in digital radiography at the RSNA. | began
installing modality-centric imaging systems around Nuclear Medicine, CT, Digital

Fluoroscopy and Ultrasound along with early teleradiology utilising commercial networks.

I have moved through some lecturing and clinical tutoring roles after I came to New Zealand
and now | am a PACS/RIS System Administrator. | have also been a member of the SIIM,
formerly known as SCAR, for the last 4 years and | completed my certification as an Imaging
Informatics Professional (CI1IP) under the auspices of the American Board of Imaging
Informatics in 2011 which has both a technical and clinical component. Over the years |
have undertaken considerable on the job training and self-directed learning which has crossed
many borders and software applications. In addition to RIS and PACS, | also support several
other integrated and stand-alone software and hardware components. These include
Orthopaedic templating software, voice recognition software, business intelligence and
reporting software, DICOM and HL7 Standards, networking (bandwidth, security, LAN,
WAN, VPN, routers, switches, etc.), storage (magnetic tape, spinning disk, optical media,

CD’s, DVD’s, solid state), integration (interface engine, scripting), hardware, infrastructure



and resources which have all been identified as components that an 1P would need to support
and have knowledge of (B F Branstetter IV, 2007a).

Through the 1970’s, as the movement was occurring in the medical records department,
many imaging departments were migrating from the use of manual filing systems for patient
visits, results, billing, statistics and reports, towards what was to become known as Radiology
Information Systems (RIS). Designed to support the operational workflow and business
analysis, along with being a repository of patient radiology records and results, these systems
required integrations with the Hospital Information Systems (HIS) to obtain patient
demographics and provide some patient related information to the HIS in return (The Royal
College of Radiologists, 2008). This was a significant beginning for the integration of
imaging departments into the realm of Medical Informatics. In New Zealand, the late 70’s
also saw the introduction of a form of national unique identifier linked to hospitals via their
HIS. This was later followed by the National Health Index (NHI) in 1992 and is still, some
20 years in the future one of the few national health indexes in the world. It is regarded as a
significant cornerstone of New Zealand healthcare and is the envy of many international

medical informaticists (Delany, 2006).

International development of PACS and ultimately Imaging Informatics has been shown to be
varied due to disparate funding, varied operating conditions and different environments
(Huang, 2003a). Generally, medical imaging departments began experimenting in the late
1970s with the transfer and storage of digital images from nuclear medicine and computed
tomography within Local Area Networks (LAN’s) (Prior, 1992). As such these were
designed for a specific set of functions for a specific modality and introduced the end users to
soft copy work stations and short term archival using technologies such as Optical Discs

however long term archival was still hard copy, printed film.

The first records on the concept of digital image communication and display were in an
original paper from German professor Heinz U. Lemke in 1979 at a Digital Radiography
conference sponsored by SPIE (International Society for Optical Engineering) at Stanford
University Medical Centre chaired by Dr. William R. Brody, himself a pioneer in the field
(Huang, 2011). Between these early pioneers there was much discussion and literature
generated which led to the a conference on Digital Radiography and the topic of Picture
Archiving and Communication Systems in 1982 (Huang, 2003b, 2010). There is also a

similar timeline in the European and Asian Medical Imaging communities. The First



International Symposium on PACS and PHD (Personal Health Data) sponsored by the
Japanese Association of Medical Imaging Technology (JAMIT) was held in July 1982. The
driving force in Europe is the EuroPACS (Picture Archiving and Communications Systems in
Europe) which began annual meetings in 1983.

PACS has as a central concept, the communication of medical images between the modalities
which generate the images and the devices required to display the images. A key requirement
of this concept is the ability to store and retrieve the images and the associated information on
demand and with no loss of data. To ensure this was done while maintaining integrity of the
patient data and department workflow, integration with RIS systems had to occur. In order
for these systems to be fully functional, it was soon recognised and accepted that it was just
one aspect of a complete hospital-wide information network. PACS is generally integrated
with the other components of this enterprise wide information system across a local area
network (LAN) and uses a wide area network (WAN) to communicate across enterprises.

As the number of PACS implementations grew and developed, it was soon recognised that it
was not only revolutionising the workflow in the imaging department, but was also rapidly
becoming a very critical component of patient care. It would require individuals with strong
computer background and clinical knowledge to maintain and support this critical patient care
system. These individuals became known as PACS Administrators (PA) and were generally
a bridge between the clinical department and the IT department (B. F. Branstetter 1V, 2009).
With the rapid changes in hardware, software, modalities, standards, legislation and
initiatives, the PACS/RIS systems had to evolve as did the training and background of the
PA’s. Medical imaging led the way with standards such as DICOM being jointly developed
by the American College of Radiology (ACR) and the National Electrical Manufacturers
Association (NEMA). This partnership ensured the end users and the vendors all had input
into the voluntary standards and assisted in its universal acceptance and adoption. Along
with this standard and the incorporation of other healthcare standards such as HL7, the PA’s
found themselves supporting other modalities and the move from a modality centric to a
department centric focus began. This resulted in even more integration, collaboration and
cooperation required with the IS infrastructure of the hospital. The superseding of this
department centric model began occurring when other healthcare departments began realising
the benefits available from these PACS systems and the PA’s found themselves moving out
of the traditional imaging department to support the other ‘ologies’. Along with this change

came a transformation and name change from PACS Administrator to Imaging Informatics



Professional (I1P) with responsibilities outside the boundaries of the traditional modality or

department-centric PACS systems.

Founded in 1993 by Dr. Laurens V. Ackerman, the InfoRad section of the Radiological
Society of North America (RSNA) showcased live demonstrations of DICOM and has been a
key driving force behind the development and clinical acceptance of PACS (Huang, 2010).

In 1997 the RSNA began the process of collecting ideas directed towards an integrated
healthcare information infrastructure. In turn this led to a joint project between the RSNA
and the Healthcare Information and Management Systems Society (HIMSS) which convened
in the fall of 1998 (Carr & Moore, 2003). Two initial outcomes of this project were the
definition of an organisational structure and that the commitment of the group to clarifying
the use of existing standards and that it would not in itself become a standards organisation.
Integrating the Healthcare Enterprise (IHE) was established to bridge the gap between the
standards and implementation of integrated systems to make interoperability possible. To
date, IHE has published 10 integration profiles defined by clinical need which address
specific information management problems. Currently New Zealand is in the minority and is
not active under the Asia-Oceania IHE umbrella. The Royal Australian and New Zealand
College of Radiologists (RANZCR) is a member organization but there are no New Zealand
specific associations with IHE apart from the global New Zealand based vendor Orion Health
(IHE, 2012).

To lay the groundwork for patient centric Imaging Informatics System in New Zealand, there
has been a move to four regional PACS/RIS systems throughout the country under the
auspices of the National Health IT plan (Ministry of Health, 2011a). In addition there are
regional Clinical Work Station (CWS) and Clinical Data Repositories (CDR) that will need to
be interfaced and/or integrated with these solutions. These are just two of the much needed
integrations required to meet these goals for all forms of imaging performed in the healthcare

environment. The current aims of the National IT Health Board are:
"That by 2014:
» New Zealanders have electronic access to their own health information.

« All health professionals caring for a person, no matter where they are in the country,

have secure electronic access to that person’s full health information.” (Ministry of

Health, 2011b).



This subsumes a move towards an integrated Electronic Health Record (EHR) or Personal
Health Record (PHR) in New Zealand and is a definite move to the patient centric model.
Again this will require an extension of the applications, support and training that will be
necessary for the Imaging Informatics Professionals to support these goals. For this
requirement, one advantage to achieving this goal in New Zealand is that it is one of the few
countries in the world to have a national unique patient identifier. This has paved the way to
the sharing of crucial patient demographics and clinical information in the effort to move to
centralised electronic patient record (EPR).

Imaging Informatics within the New Zealand health care system is a very young and
expanding field. There are currently disparate implementations throughout the country with
an even more varied level of integration between community providers, hospitals, District
Health Boards and regional IT boards. As was identified earlier, the diversity of the
individuals tasked to support these implementations and associated software applications,

also adds to the inconsistency.

In my experience and research, most IIP’s in New Zealand have been educated on the job,
primarily by the application specialists provided by their specific vendor. However a
thorough understanding of the standards, theories, techniques, protocols and integrations of
all the applications, associated software, legislated regulations and accreditation standards is
required by these IIP’s to perform their role both now and in the future. It is essential to
support all the applications, end users and the associated professionals in order to provide
optimal service and reach the goals of the National Health IT Board. This requires some
input and cooperation from the associated professionals and specialists in the clinical field as
well as from the IT (Information Technology), IM (Information Management) and IS

(Information Systems) sector.

Additionally there is very limited and almost non-existent formal post graduate training

available from recognised tertiary institutions in Australasia for those placed or volunteered
into these roles. This study will research the current role, background and requirements for
these professionals to provide optimal assistance to the end users and to the ultimate goal of

improving patient care.

The purpose of this project is to examine the roles of these application support staff, what

training and educational support is available to support them currently, and what is required



to provide continuing professional development to prepare for the future of Imaging

Informatics in New Zealand. Therefore the questions that this project is going to research are:

What is the role of the Imaging Informatics Professionals in New Zealand and who is
performing it; what educational resources do they need and what support is available to

them?



CHAPTER 3 LITERATURE REVIEW

This literature review began in February 2011 and was supported both by on-going reviews
of the subject matter and utilising automated system updates from a broad spectrum of
journal publishers. The main source was the Unitec library Databases with very few
restrictions placed on which databases could be searched. Many keyword terms were utilised
to represent the broad base of the project. Included were the terms ‘Picture Archiving and
Communication Systems (PACS)’ ‘PACS Administrators’, ‘Imaging Informatics
Professionals (IIP)’, ‘Health Care Informatics (HCI)’, ‘Medical Informatics (MI)’,
‘Integrating the Healthcare Enterprise (IHE)’, ‘Radiology Information Systems (RIS)’,
‘Electronic Patient Records (EPR)’, Electronic Medical Record (EMR) ‘PACS
Administrators training and certification’, and ‘Imaging Informatics training and

certification’.

Internationally there is a significant amount of literature regarding Healthcare Informatics,
PACS, RIS, and specifically Imaging Informatics as a burgeoning field. There is however
very little on these subjects in New Zealand literature. Most of this local literature relates to
medical informatics and is at a higher level than this research is investigating and not specific
to Imaging Informatics. New Zealand Healthcare Informatics articles that are important and
relevant to the 1P role development will be presented.

In order to analyse this topic it was necessary to investigate the component systems which
impact the roles and how these components contribute to the overall system. Dr. Bernie
Huang is a pioneer in PACS and Imaging Informatics and has published over 200 peer
reviewed articles, co-authored or authored eight books and presented at most major PACS
conferences around the world (Huang, 2010). In 2003, he stated that Medical Imaging
Informatics (MII) comprises “medical images and associated data (including PACS
database), image processing and analysis, data/knowledge base management, visualization,
graphic user interface, communication networking, image data security, system integration,
and application server and user application software. These components are logically
organised in a hierarchical software architectural design” (Huang, 2003a, p. Xix). This
analysis of the components in turn enabled me to assess the literature defining the
responsibilities, tasks, experience and education an 1P would require to fulfil the role

competently both now and in the future.



INFORMATION SYSTEMS

Radiology Information Systems were designed to support the operational workflow of the
Radiology or Medical Imaging Department. Other departments also use some forms of
information systems that are generally focussed on supporting the specific requirements of
that functional area. These include Cardiology Information Systems (CIS), Laboratory
Information Systems (LIS) and many others. The main link all of these have is the Hospital
Information System (HIS) for patient demographics, admission and discharge transactions
(ADT) and enterprise level coding and statistics support (Mansoori, Erhard, & Sunshine,
2012; Winsten & McMahan, 2000). In radiology, the RIS is generally the repository for the
data affiliated with the examination including reports, scheduling, work lists, dictation,
resource availability, business analysis and many other functions (The Royal College of
Radiologists, 2008). Radiology Information Systems had been providing data to analogue
systems long before PACS was available. They now provide both the front and back ends of
many PACS systems and are the heart and soul of many Imaging Informatics Systems
(Huang, 2010). In fact it became obvious during this review that many references to PAC

Systems include the RIS as it is fully integrated within some of them.

In most installations the RIS is connected to the HIS, the Clinical Data Repository (CDR),
report distribution systems such as Healthlink in New Zealand, business intelligence and
many other systems. These connections can be directly integrated but more commonly they
are via interfaces which are developed, depend upon the HL7 standards and utilise one or
more interface engines to control and monitor the message flow. HL7 is the common
standard employed by most Information Systems to communicate data in a recognised format
(The Royal College of Radiologists, 2008). Therefore understanding the components of HL7
messaging and interface engines are skills and tasks required of the PACS administrator in
order to fully comprehend and troubleshoot the realm of the data exchange involved in the
chain of the PACS system (Carrino et al., 1998; McDonald, 2002; Sinha et al., 2002; Winsten
& McMahan, 2000). There is continual growth of these standards to incorporate the many
requirements of integrating numerous systems to provide everything from scheduling to
reporting, business analysis and billing data (Blazona & Koncar, 2007; Honeyman, 1999;
Kijewski, 2011).



PICTURE ARCHIVING AND COMMUNICATION SYSTEMS
(PACS)

PACS was coined at the first International Conference and Workshop on Picture Archiving
and Communication Systems held in Newport Beach, California in January 1982 (Huang,
2003b). Continued development of PACS and its clinical acceptance was furthered by its
inclusion in the InfoRAD section at the annual RSNA Scientific Assembly in 1993 (Bui &
Taira, 2010; Dreyer, Hirschorn, Thrall, & Mehta, 2006; Huang, 2010). This presented the
first Digital Imaging and Communications in Medicine (DICOM) interface and, in 1994,
DICOM 3.0 was released as a result of collaboration between the American College of
Radiology (ACR) and the National Electronic Manufacturers Association (NEMA) designed
to provide all the tools necessary for the “diagnostically accurate representation and
processing of medical imaging data” (Pianykh, 2008, p. 3). The introduction, wide
acceptance and adoption of this set of standards, currently consisting of 16 volumes known as
parts encompassing the data transfer, storage and display protocols, set the stage for digital
imaging to be embraced across the healthcare sector (ibid). Other standards such as HL7
have been incorporated into the PACS in order to enable the integration and communication
required between the RIS and other healthcare systems. Information is required in a
recognised format to allow the development of software applications utilising these standards
to enhance digital imaging. Crossing traditional imaging boundaries has required both
clinical and technical support to provide the interoperability of these integrations while

adhering to legislative and professional standards.

The concept of digital imaging and communication has been around since the inception of
nuclear medicine but became more focussed and indeed necessary with the introduction,
acceptance and growth in the imaging family of computed tomography, magnetic resonance
imaging and diagnostic ultrasound. Initially these were very basic systems which did not
meet the full requirements of a PACS as they had no long term archival capabilities and very
limited communications, and then only over dedicated small Local Area Networks. In
addition these early systems still required film for long term storage as long term digital
storage was too costly and cumbersome. Systems such as these were first identified in the
literature through the works of some of the early pioneers of PACS such as Steven Horii,

Sam Dwyer I11, Eliot Siegel, and Bernie Huang to name a few (Wiley, 2005).



PACS has at its core, the concept of communicating digital images between both the
generators of the image and long term archives as well as the end users’ display devices.
PACS and RIS followed a very intense path of developing and adopting DICOM and HL7
standards which has allowed the industry and vendors to provide a diverse range of imaging
informatics to support and improve patient care (Blazona & Koncar, 2007; Henri, Cox,
Rubin, Bret, & Couch, 1999; Jianguo, Jianyong, & Johannes, 2003). This translation of the
theories and techniques incorporated in these standards should be the goal of all Imaging
Informaticists and their implementations and should be combined with the aim of increasing
patien