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mbedded in a network of negotiated decision-making processes. Professional interdependency and 
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preted and transformed at each point of care. The proposed model could contribute to alignment towards 
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Introduction

Referrals for a diagnostic imaging investigation require the
request for an opinion from a radiology specialist to detect or
exclude disease. This action contributes to the prognosis, patient
management, monitoring of the clinical course of disease and/or
screening for at-risk health.1,2 The referral and the imaging inves-
tigation itself lie “in the middle of the continuum”3 of the patient’s
journey through the healthcare system.

The aim of this review article is to provide a holistic perspective
of diagnostic imaging services in a resource-limited healthcare
system, based on the authors’ healthcare research experience in
South Africa. The proposed model incorporates medical- and non-
medical-provider interaction processes mediated through text
(documents and files) and technology. The model could form the
basis for research aimed at providing a holistic account of the
quality of care services in a healthcare setting. The focus also in-
cludes a way of understanding how the lower levels of care in the
healthcare sector, with a limited choice of imaging modalities,
interact with higher levels of care.
Makanjee).

1

Diagnostic imaging within the complex healthcare system

The division between public and private health sectors is a
global arrangement. Many countries, just as in South Africa, divide
their public sector into the following levels: primary (level 1, dis-
trict hospital), secondary (level 2, regional hospital) and tertiary
(level 3, central hospital),4 with specific guidelines for referrals
between these levels. District hospitals often provide only X-ray
services, and in some instances basic sonography and fluoroscopy.
Regional hospitals provide additional services such as computed
tomography (CT) and diagnostic sonography services, whereas
central or tertiary-level hospitals provide access to the whole
spectrum of diagnostic imaging services. Fig. 1 provides an over-
view of referral pathways and flows of processes for diagnostic
imaging investigations in the public sector.

There is a wide diversity among countries regarding the struc-
turing of the private health sector. In South Africa it is, for example,
divided into a large, corporate private-for-profit hospital sector and
a smaller and diversified, private-not-for-profit sector.4,5 No com-
plete typology of private and industry or workplace hospitals is
available. Radiological services are outsourced, regardless of the
level of the hospital. In the private sector patients often have direct
access to some specialised imaging services via their general
practitioners.



Figure 1. Referral pathways for diagnostic imaging services in the public sector.
The focus of this paper is mainly on diagnostic imaging in the
public sectorof a resource-limited country.However, client cross-over
between the public and private sectors when seeking healthcare is a
common phenomenon. This type of fragmentation impacts on the
healthcare system and on patients e financially and clinically e in
terms of providing a continuum of services of optimal quality.
Although diagnostic imaging (including referral, decisionmaking and
interaction) focuses on individual patients at a micro-level in the
healthcare system, meso- and macro-level trends influence the indi-
vidual encounters betweenpatients and healthcare providers and the
outcomes with regard to management, treatment, and follow up.6,7

When reflecting on diagnostic imaging services as being
embedded inand intertwinedwith themedico-clinical pathways, the
notion of integration becomes central. Integration implies effective,
accessible, continuous and comprehensive care services of quality. It
also entails collaboration, coordination and alignment of interactions
and decisions, mediated through healthcare providers. These pro-
viders are, according to the actor network theory, first-order actors,
with text and technology being second-order actors.8 Collective
intra- and inter-institutional navigation is required to provide the
necessary continuumof care and a smooth and safe transition for the
patient in his or her journey through the healthcare system until the
ultimate diagnosis and treatment plan can be achieved.8e11
Complexity and interconnectivity in interactions and decision-
making processes

Each service stage of the patient’s journey is made up of mul-
tiple small steps with interfaces between these steps. Caring for an
individual patient requires a holistic un-derstanding, greater than
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the sum of its parts. The ‘bigger picture’ emerges from the com-
plexities and interactions in a health system. The building blocks for
making a decision regarding the most appropriate diagnostic
investigation of choice with minimal risk and optimal benefit are
strongly shaped by organisational structure, institutional members,
the quality of information on the request document, the actual
investigation and its outcomes. The process evolves as the various
events unfold, based on the actions taken with each event and
depending on the interactions of the professionals within the sys-
tem. The process is highly dependent on who is communicating
with whom in a particular institution or what forms the content of
the communication.

The hierarchical interconnectivity between different levels of
the health system12 is evident throughout the referral process for
diagnostic imaging investigations. A hospital is an indivisible unit
with a high degree of specialisation and diversity among its
healthcare providers, its components (including technology), and
feedback and interaction loops.13

Decisions in everyday situations are embedded in a broader
context and are part of a decisioneaction cycle that is affected by
monitoring and feedback and not by a single judgement.10 The way
that services are distributed in the healthcare context of diagnostic
imaging often means that the notion of interprofessional, team-
based, patient-centred decision making does not apply or is not
appropriate.14 In this regard, Patel et al.13 refer to distributed
diagnostic imaging services involving the “management of streams
of information and . communication and coordination among
individuals and from data sources” in order to come to shared
understandings and decisions. Meaningful communication re-
lationships between healthcare professionals and between pro-
fessionals and patients are difficult to develop without mutual
understanding.10 The interdependency at different levels and
stages of decision making and the diversity of healthcare providers
involved in the fragments of decisions contribute towards building
the bigger picture. “Even if a single individual ultimately decides on
a course of action others are critically involved in the process”.13

We developed a model to capture the bigger, institutional
macro-level picture applicable at any hospital or health centre
providing diagnostic imaging services. The model depicted in Fig. 2
was adapted from Yabroff’s15 health services research framework
for evaluating cancer screening. It shows the interconnectivity
between healthcare professionals (including various levels of the
healthcare system) and patients. It also shows the network of re-
lations and interactions between the role players involved in re-
ferrals for diagnostic imaging investigations, interpretation of
images, communication of results, and the drafting of treatment
and management plans.

At the macro-level the model contextualises the connectivity of
the health system and its providers with patients and their com-
munities regarding decision making in diagnostic imaging. The
common goal shared by all healthcare providers is to deliver quality
service and care to the patient.16 Central to this network of inter-
connectivities arewhat patients present with and how they present
their histories, their symptoms and the narratives of their condition.
The immediate challenge is the coordination of information as part
of a continuum of patient care within this network of interactions.

Routine actions and interactions in decision making

Various role players routinely interact in decision making at the
meso- and macro-level. Diagnostic imaging routines are highly
subject to context, needing adaptation as the context or situation
changes.17 However, the quality of routine actions should continue
to enable continued efficiency and optimal outcomes in all
circumstances.



Figure 2. Role players and inter-level interactions in decision making around diagnostic imaging.
In the South African public health sector routine actions to ac-
cess some specialised imaging modalities entail building up clinical
evidence to justify a request. The complexity of a case determines
the progress through the levels of care, from the district to the
regional to the tertiary hospital (Fig.1).18 This depends, inter alia, on
the severity of the condition, the accessibility of services and
technologies, and the availability of expertise required for man-
agement and treatment.19 This is in contrast with the private sector,
where financial incentives for the provider via payments by med-
ical insurance and the consumerist approach result in easier access
to a specialist and a range of modalities.18

A typical example of a complex case is the referral pathway for
patients with cervical spine trauma admitted at the casualty
department of a district hospital in South Africa. Contrary to the
prescribed referral pathway, such a patient does not always have to
be examined by a specialist before being referred for a CT scan at
the second or third level of care. Based on the interpretation of
plain images, the referring medical practitioner can request an or-
thopaedic surgeon to authorise the referral for a scan before the
practitioner contacts the radiologist directly.

Within the confines of any hospital level, medical care providers
(general practitioners and family physicians) and radiographers
providing plain radiographic imaging services interact with each
other, often in a transactional manner. Fig. 2 illustrates the
healthcare-provider interactions between different levels of care in
the public health system. It provides a better understanding of the
rigid “ceremonial”20 processes within which healthcare providers
find themselves. In other words, it is the unwritten, prescribed way
of behaviour that shapes decision-making and interaction path-
ways that public-sector providers adhere to.

However, in our experience medical practitioners at some dis-
trict hospitals view the bureaucratic system of the higher levels of
healthcare as an obstacle for referrals to the appropriate modalities
3

of diagnostic imaging investigations, as well as to access expert
radiological opinion. There is also a perception that medical officers
(general practitioners) working in regional and tertiary hospitals
have easier access to these sophisticated modalities and expert
opinions than practitioners in district hospitals. The reality is,
however, that access to certain modalities at higher levels of care is
restricted by a step-by-step process, starting with referrals for basic
examinations, followed by a referral from a general to a specialised
department, even within the same level of care. This process does
not necessarily correspond to the ideal of making an accurate
diagnosis by means of direct access to the most appropriate mo-
dality for providing clinical evidence.

A typical example of accessibility is the referral route for a
mammography investigation in the South African public sector. The
district hospitals’ medical officers are unable to refer directly, in
contrast to their counterparts in the private health sector. Medical
officers in the public sector have to follow a rigid step-by-step
process, starting with a physical examination followed by a fine
needle aspiration, then a biopsy and ultimately a mammogram. In
view of the absence of a general mammography screening pro-
gramme in South Africa, together with limited access to
mammography, CT and magnetic resonance imaging (MRI) services
at most public hospitals, serious questions could be raised about
timely diagnosis, patient safety, cost efficiency, risks to patients and
the impact of the anxiety created in patients.

Patients who enter the health system bring with them a life-
world (including a community system of support) (Fig. 2). This im-
pacts on their micro-level interactions with different healthcare
providers at each point of contact in their journey through the
system. These interactions are often very brief encounters, with
each encounter resulting in the classification of patients into specific
hierarchies. As a result, diagnoses of increasing severity determine
the journey of some patients to higher levels of the system.18



All role players (groups and individuals) bring with them spe-
cific personal characteristics, skills, competencies, roles and re-
sponsibilities (Fig. 2). The main responsibility of medical-care
providers at all levels is to coordinate and manage patient care,
as well as treatment processes and procedures. Diagnostic imaging
service providers (radiographers and radiologists) and nurses play
a supplementary role. Their main function is to support the medical
practitioner in diagnostic decision making by rendering a profes-
sional service of high quality, specifically by means of diagnostic
imaging investigations and radiological reports.

The medical practitioner is the coordinator of the referral pro-
cesses in hospital settings at the lower levels of care (Fig. 2).21 One
of the most important skills or characteristics related to a referral
for a diagnostic image is knowledge about the most appropriate
investigation to assist in making a diagnostic decision. An effective
decision requires the practitioner to be able to evaluate the quality
of an image, to interpret the image, and to integrate the information
of the radiological report into the bigger clinical picture.

Filtering, interpretation and integration of information

The ability to use and transform information in order to come to
a diagnosis and formulate a treatment plan is an important com-
petency required of medical care providers. Their task is supple-
mented by high-quality radiographic images and radiological
reports provided by radiographers and radiologists, respectively
(Fig. 2). On the one hand, the quality of a diagnostic imaging
investigation is dependent on the radiographer’s ability to make a
judgement on the appropriateness of the investigation. Making
such a judgement is in turn dependent on the quality of informa-
tion on the request form (provided by the medical care provider),
the cooperation of the patient and the available imaging technol-
ogy. On the other hand, the radiologist relies on the quality of in-
formation on the request form and on the quality of the images
(provided by the radiographer) to enable integration and to make
an interpretational judgement regarding the diagnosis or differ-
ential diagnosis.22

Within the bigger picture of decision-making and diagnostic
processes, information and knowledge input and output at
different points characterise the patient’s journey through the
healthcare system. These actions form the basis of decision-making
processes23,24 that could lead to improved operational, economic or
clinical benefit.25 Interpretation also draws onmediation tools such
as the request form and other technological information-
processing systems, which are embedded in contexts such as
work practices, organisational structures and cultures, and inter-
personal relations.26

In order to construct and reconstruct a diagnosis and a man-
agement plan to improve patient outcomes, information in the
form of empirical evidence e the ‘right’ piece of information e

needs to be gathered during a medical consultation and by means
of diagnostic tests.27,28 Everitt27 describes the pivotal questions as:
“what information to gather; which diagnostic test to perform;
how to interpret and integrate this information to draw diagnostic
conclusions”. As such, the quality of information is highly depen-
dent on the nature and quality of provider-patient and providere
provider interactions mediated through documentation (text) and
technology. The practice of information exchange is an important
feature where information gathering, processing and verification
are concerned e especially where technological information has to
be transformed into biomedical concepts and narratives that form
part of the professional practices of medical practitioners. In this
regard, Eisenberg and colleagues29 refer to the critical role of pro-
fessionals in filtering cues. They have to process the cues and decide
which to ignore or bracket,26 which to translate into a list of actions,
4

or which to integrate into the final diagnosis. Data and information
are therefore filtered in a sequence of transactions through diverse
sources (providers and patients) in an effort to make sense of how
to interpret,17 integrate and transform3 information in a meaning-
fully connected and coherent manner.17

Alignment of patient and healthcare provider goals

The alignment of goals that takes into consideration patient
expectations and preferences is part of the diagnostic imaging
process.16,30 This entails obtaining adequate information for
decision-making activities and actions by means of interactive
communication in order to enhance both medical and lay under-
standing.31 The image itself provides visibility and concreteness,
enabling the alignment between patients and healthcare providers.
It also demonstrates alignment with reality.32

Patients have specific roles and responsibilities within the
public healthcare system (Fig. 2): to provide accurate information
about their illness and/or concerns or previousmedical encounters;
to take interest in their health and well-being; to inform healthcare
providers of their expectations in terms of outcomes; and, in some
countries, to keep imaging and/or previous discharge records.33 In
some settings patients generally play a relatively passive role in the
provider-patient interaction. They also rely on healthcare pro-
fessionals to effectively communicate with them, particularly
before a diagnosis, when there is uncertainty and fear regarding the
experienced symptoms. Patient experiences of illness can extend to
a wider context beyond the boundaries and settings of formal
diagnosis and treatment,34 and impact on their experience of, for
example, quality of life.30

Negotiated decision making

Diagnostic imaging investigations are embedded in a network of
negotiated decision-making processes. This is especially evident
where one type of healthcare provider or profession needs the
services or expertise of another or where technology (e.g. diag-
nostic imaging equipment or computers) contributes to the trans-
formation of information in a significant way.23 These kinds of
decisions are rarely based on team work, as they are outcomes of
temporary interactions with other healthcare providers. Bleakley14

refers to “teeming”, “negotiated knotworking” (networking) and
“collaborative intentionality” to describe the transience of these
interactions. Where diagnostic imaging investigations are at stake,
negotiated decision making often takes places at discreet moments
in the unfolding of decision-making events.

Healthcare providers also have to negotiate with patients at
various points of contact before coming to a final diagnosis and
treatment decision. Where more than one treatment or investiga-
tion option is available or where a patient needs more time to give
permission for an investigation or treatment, behavioural outcomes
e following certain decisions that have been made e are con-
structed from negotiations.23 In addition, patient-centred care
recognises the asymmetries in the status of healthcare providers
and patients, which should be resolved by involving all role players
to cooperate, collaborate and coordinate through negotiations
rather than by the prescribed rules of behaviour.22,35,36

Conclusion

To the best of our knowledge, this is one of the first attempts to
describe the referral system and interaction processes in diagnostic
imaging in the public-sector context of a developing country with
limited resources. The South African healthcare systemwas used as
the entry point to highlight challenges in providing timely access to



specialised diagnostic imaging services and specialist care, as 
illustrated by the inadequacies of referral for mammography, MRI 
and CT scans. These have consequences for quality healthcare to 
patients. The dilemmas point towards the need to review the dis-
tribution of diagnostic imaging services, the way in which catch-
ment areas for patient admissions and referrals is prescribed, and 
the types of patients that access services at particular points of 
healthcare.

The perspectives presented could also be applicable to other 
countries with similar constraints and limited access to specialised 
medical imaging services. Despite suboptimal and sometimes risky 
referral mechanisms available to access technical healthcare ser-
vices, the review of the healthcare system enabled us to make 
visible the referral pathways and interaction processes aimed at 
accessing diagnostic imaging services. The model provides a point 
of departure for interrogating the adequacy of current practice, 
routine actions and interaction processes between the role players 
in a multidisciplinary team. It also facilitates the review of coordi-
nation, collaboration and cooperation in a hierarchical health sys-
tem, from referral to outcomes. Further research studies should be 
conducted in other countries with similar healthcare systems to 
validate, amend or modify the various elements of the proposed 
model.
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