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The potential misalignment between new technologies entering healthcare requires attention. This paper will
compare the fit between an Open Source Electronic Medical Record Solution (OpenMRS) and a clinical
guideline that outlines the requirements for the care of a patient. Design/methodology: A process analysis
technique is used to construct and analyse the fit between the processes as stipulated by the South African
clinical guidelines for Tuberculosis (TB) and that of the OpenMRS. This technique has been used to identify
inefficiencies and opportunities. Lean principles are applied in the analysis to identify waste in the process.
Findings: Process analysis has provided valuable insight into the working of both the system and the
provision of this healthcare service. The OpenMRS solution has a good fit to the South African healthcare
context with some minor gaps between the system processes and that of the clinical guidelines. In addition,
wasteful tasks have been flagged within the clinical guideline processes which appear to be due to limited

consideration being paid to the patient's end-to-end care process.

1 INTRODUCTION

The Internet revolution has resulted in exciting new
information systems with the potential to improve
healthcare (Haux, 2006). The challenge of an aging
population and an increase of chronic illnesses like
diabetes and heart disease have placed demands on
healthcare service to deliver radical change. In
addition, disease burdens such as HIV/AIDS have
forced the health care industry to rethink their
service offering. This study uses as its context the
healthcare approach to Multi-Drug Resistant
Tuberculosis (MDRTB) because a high rate of co-
infection of Tuberculosis and HIV/AIDS has been
noted in the last decade, in South Africa. There has
also been an extensive drive to curb the incidence of
both these communicable diseases during the same
period (WHO, 2009). Unlike HIV/AIDS, TB or
MDRTB is a curable disease given the correct
medication and adherence to treatment guidelines by
both the patient and the healthcare workers. The
potential to improve diagnosis and treatment of
MDRTB as a result of employing a process
engineering intervention could have a meaningful
impact.
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There is a critical collaborative relationship
between technology, people and the tasks they
perform (Elske et al., 2006); (Tsiknakis and
Kouroubali, 2009). This relationship has received
limited research attention in the healthcare domain.
This is important because merely implementing a
Health Information Systems (HIS), without
revisiting the business process and its context,
cannot solve challenges and improve inefficiencies
(Berg and Toussaint, 2003); (Ludwicka and
Doucettea, 2009). This study explores the practical
use of process engineering in healthcare services,
thus assessing the process itself and how it can
inform the development of HIS.

2 LITERATURE

The literature survey discusses the research
conducted in Process Management in healthcare,
over the last sixteen years (1994 — 2011). The
discussion focuses on five areas, namely: the
challenges in the implementation and adoption of
HIS, the process management approach, the
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application of process management in healthcare,
MDRTB as a public healthcare crisis and the origins
of OpenMRS.

2.1 Challenge of HIS Implementations

Heeks (2006) has identified 7 gaps between what is
specified in the design of a health information
solution and what is actually delivered in reality.
These gaps, identified as the cause for poor
adoptions and implementation of HIS, are;
Information, Technology, Process, Objectives and
value, Staffing and skills, Management systems and
Structures and other resources (Heeks, 2006).
“Process” is identified as a gap because the solution
often focuses on the data in isolation from the
healthcare delivery process in which the data is
embedded, and associated users,. The importance of
addressing this gap is also stressed by Ludwicka and
Doucette (2009) and Munir and Kay (2005).

2.2 Process Management

As technology has become ubiquitous organisations
have realised that both technology and the
streamlining of their businesses' processes is
required to develop competitive advantage and
improve performance (Trkman, 2010).

Process transformation can be seen to have
occurred in four waves over the last forty years with
each wave inheriting the best aspects of its
predecessor. Wave one, dominated by Total Quality
Management (TQM) focused more on customer
facing processes and little was achieved in back
office improvements (Towers, 2010). In wave two
the focus shifted to Business Process Re-engineering
(BPR) calling for the fundamental rethinking and
redesign of business processes to achieve dramatic
improvements in critical contemporary measures of
performance such as cost, quality, service and speed
(Muthu et al., 1999). The third wave, triggered by
the Lean management technique, saw the focus shift
to customer needs, reduction of waste and value
creation with the focus shifting toward
simultaneously reducing cost and improving revenue
and service (Towers, 2010). The fourth wave (post
2000) embraces a myriad of traditional techniques
with a strong focus on successful customer outcomes
(Towers, 2010).

2.3 Applications of Process
Engineering in Healthcare

Bergman (1994) suggested the introduction of re-

engineering in healthcare and within a decade some
traction in this idea is evident: A study by Anderson
et al. uses the design of processes to determine the
best way to develop HIS to meet user requirements
(Andersson et al., 2003); Berg and Touisant(2003)
realised the mapping of processes allowed the
“fluid” nature of medical knowledge to be easily
expressed; and Lenz and Khun (2004) aim to align
HIS and healthcare processes, by defining a layered
approach that allows for quick deployments using an
integrated “generator tool”, used extensively at the
university hospital at Marburg Germany. A similar
approach was proposed by researchers in Finland in
an effort to design web services for a generic HIS
using a service orientated architecture approach
(Mykka nen et al., 2007).

In a systematic review of evidence based re-
engineering in healthcare 87 articles from 1989 to
2003 were analysed (Elkhuizen et al., 2006). They
identify two main weaknesses in this research field:
Firstly, there are few studies focusing on negative
results of process management and, secondly, a large
number of health improvement projects are being
performed by private companies who do not have a
vested interest in publishing this work(Elkhuizen et
al., 2006). However, this is beginning to change as
private companies are publishing results of the
process re-engineering work they have done
(Hartung and Biglin, 2010).

TQM is seen as inadequate to address the
challenges experienced due to the inherent
complexity of healthcare (Patwardhan and
Patwardhan, 2008). On the other hand, process
engineering is being seen as an appropriate
technique as it provides an understanding of the
impact and influence of the process on people and
technology (Lenz and Kuhn, 2004, Elkhuizen et al.,
2006, Boston-Fleischhauer, 2008b, Patwardhan and
Patwardhan, 2008, Trkman, 2010).

Little research is available for healthcare process
management both in SA and other developing
countries. Vine (2007) suggests the South African
health care processes are “fundamentally broken”
(Gerntholtz et al., 2007) and thus research in this
area is much needed. SA’s boldest attempt to
implement an EMR solution across all government
hospitals in Limpopo, failed in 1998. Healthcare
workers were inadequately prepared and a lack of
attention to the intent of processes and their unique
application in South Africa appear to have played a
role in this failure (Littlejohns et al., 2003).
However, by first improving the process before
automating it , led to a successful Electronic Medical
Record implementation in the renal department of
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Chris Hani Baragwanath Hospital (May 2005)
(Gerntholtz et al.,2007). Thus process re-engineering
does seem to suggest one possible way forward.

2.4 Patient Centred Process
Management

It is however necessary to consider where the focus
of such process reengineering needs to be placed.
There are two “user” groups who will benefit from a
HIS; the staff of the medical facility and the patients.
As the patient is in fact the “customer” in these
systems, the focus on patient centred care is
becoming a trend in the healthcare industry
(Tsiknakis and Kouroubali, 2009). By understanding
that the patient is the focal point in the healthcare
system, it becomes evident applications of process
engineering should be patient centred (see for
example Francis and Alley (1996) and Pickles et al.
(2008)

2.5 Open MRS Origins

One of the most widely used Open source EMR
solutions in Africa is OpenMRS (Seerbregts et al.,
2009); (Tierney et al., 2010). OpenMRS is designed
using international standards (HL7, DICOM, and
LOINC) for interfacing and development to support
portability and interoperability of the solution and
universal deployment. The OpenMRS MDRTB
module that is being reviewed in this study was
developed to provide an intuitive “front end” to
support the treatment of MDRTB for World Health
Organisation (WHO) sponsored projects (Thomas,
2008). The module can be customised with some
medium to high level computer skills for specific
geographical or treatment requirements (Choi and
Fraser, undated). OpenMRS positions itself as a
means to enable and empower developing countries
to improve the healthcare administration and thereby
the standard of care of patients. To date OpenMRS
has been deployed in Kenya (2001), Tanzania
(2008) Rwanda (2008), South Africa (2006), and
Uganda (2007) (Seebregts et al., 2006); (Frasier et
al., 2008); (Tierneya et al., 2010).

2.6 MDRTB

MDRTB is a strain of tuberculosis where the
bacteria are resistant to two or more of the drugs
used to treat TB, in particular isoniazid and
rifampicin (WHO, 2010). MDRTB has developed as
a result of patients’ poor compliance to their
tuberculosis treatment regimens. There have been
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attempts to address the improvement of the
treatment of TB patients with the Direct Observation
Treatment Short-course (DOTS). DOTS aims to
provide a patient centred care framework, whereby
the patient is provided with the necessary support
such as; travel arrangements to the clinic and active
participation of community care workers, to ensure
adherence with the treatment regimen (2009).

In South Africa many patients die before an
MDRTB case is confirmed, as a result of the
turnaround time in conducting these diagnostic
tests(O'Donnell et al., 2009). It is often more
beneficial in suspected cases to begin MDRTB
treatment, while a diagnosis is being conducted.
While MDRTB patients require hospital based
treatment they are often turned away due to the
limited capacity at the hospitals and the high
prevalence rate, this often creates a risk of the
disease  spreading more  widely in the
community(Seung et al., 2009). In addition there is a
high rate of co-infection of MDRTB and
HIV(WHO, 2010). Once again one of the major
drivers for the escalations of death among HIV
positive patients is the time to confirm the MDRTB
diagnosis of the patient(Seung et al., 2009). Another
concern in treating an MDRTB patient who is co-
infected with HIV is the potential drug interaction
conflict (Cohen and Maarstens, 2004).

In summary: Once the technology becomes
accessible and reliable, the challenge lies in the fit
between the two dimensions of adoption: Firstly, the
task to be performed and the technology being
employed to achieve it and secondly, the user
performing the technology-enabled task and the task
to be performed (Elske et al., 2006). As highlighted
earlier by process transformation waves, greater
attention is being given to the individual who
derives value from the execution of the process.

3 METHODOLOGY

There has been little research on process analysis in
the developing world context (Harrison, 2009). A
qualitative methodology was thus adopted in order
to “raise awareness and increase insight” (Hancock,
2002). The research study is grounded in the FITT
theoretical framework (Elske et al., 2006). This
model explicitly looks at three dimensions and the
relationship between each: (1) User and Technology,
(2) Task and Technology and (3) User and Task.
While the focus of the methodology is on the task
and the technology fit, it aims to do so while also
considering implications for users in terms of their
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fulfilment of tasks and use of technology.

The study was conducted in four phases. This is
illustrated in figure 1. The first phase focused on the
creation of process models based on the SA clinical
guidelines and the OpenMRS MDRTB module
using Business Process Modelling Notation (BPMN)
(White, 2004). The procedures in the guidelines
(2009d) were translated into business processes. The
tutorial from the OpenMRS MDRTB module
(Thomas, 2008) together with an out-of-the-box
installation were used to create process models that
represent how the health information system should
be used to manage the data of patients diagnosed
with and treated for MDRTB.

A business process model visually illustrates the
sequence of tasks completed to achieve the
organisations objective. Each task is detailed in a
rectangular shape starting with a verb to focus on the
action taken. In order to achieve both a big picture
and finer grained view of processes; a process is
sub-divided into sub-processes. Each Sub-process is
then decomposed. into a process map. The process
rules are represented by “gateways” (a diamond
shape symbol). The process is contained by a start
point and end point marked by circle shapes at either
end of the process. The starting point indicates the
trigger that sets off the process and the end points
indicates the attainment of the organisation’s
objective. BPMN is a well-used technique for
illustrating process models in a simple and easily
understandable manner. The process goal for each
process is determined based on the understanding of
the objective of the guideline. The process goal is
used to evaluate whether each task in the process is
contributing to the process goal.

During the second phase the analysis of the
process models provided insight into inefficiencies,
and the alignment of the process as prescribed by the
clinical guidelines and the technology solution as
provided by OpenMRS.

In the third phase of the study, experts were
engaged in a discussion on the analysis derived in
phase 2. These experts were identified by creating a
list of authors from the literature review conducted
and assessing their potential involvement based on
the following criteria: (1) Published research related
to OpenMRS deployment in Africa or South Africa
in the past five years, (2) Member of the OpenMRS
Implementers’ Community for the past three years,
(3) Published research related to TB or MDRTB
from a South African perspective in the past five
years, (4) Currently or previously a clinician, and (5)
availability of an email address.

The participants group consisted of 28 experts;

15 individuals responsible for implementing EMR
solutions and 13 clinicians practicing or researching
in the field of TB and MDRTB. These experts were
consulted to provide judgment on the process
analysis provided using the Delphi technique. An
email was sent to 28 participants (11 Clinician & 16
OpenMRS implementers) identified to participate in
the study, requesting them to participate. The email
explained the objectives of the study and their role in
the study. 7 Participants responded confirming their
participation in the study within a two week period
(4 clinicians and 4 OpenMRS implementers). As the
timelines for data collection had already been agreed
with those who had agreed to participate, it was not
possible to delay the study further in order to attempt
to secure additional participants. Of the original 28
experts approached to participate in the Delphi
study; Only 5 of the 7 participants who responded
within two weeks of the request, provided responses
to the first round of the study. These 5 participants
formed the Delphi group. The participant’s
responses were then collated. The objectives of the
study together with the responses from the first
round were used to create questions for the second
round. The aim of the second round of questions was
to determine the degree of agreement with a
statement or the frequency with which a particular
risk or gap is experienced. The experts’ comment on
the perceived usefulness of the process analysis was
also requested. The feedback from round two was
collated with Excel and analysed. As no new
responses arose in round 2 there was no need to
conduct a third round (Syed et al., 2009).

In the fourth phase, the opinions from the experts
were analysed according to emergent themes. The
emergent themes were used to determine the points
of contention and consensus with regard to the value
of process engineering when using OpenMRS to
manage patient’s medical data. When a content
analysis statements was performed analysing word
concentration to identify themes, there was a poor
result therefore statements were further analysed to
interpret the actual meaning of the statement
(Thorne, 2000). This culminated in a final review
with experts.

4 RESULTS

The results of the study are presented to highlight
three key aspects, namely: First, the insights gained
from the process analysis of two perspectives of the
MDRTB guidelines; second, the synergies relating
to the co-treatment of MDRTB and HIV/AIDS; and

147



HEALTHINF 2013 - International Conference on Health Informatics

third, and the value of process re-engineering as an
analytical and design tool.

4.1 Process Analysis Insights

4.1.1 Process Models

The results from the process analysis highlight
various inefficiencies and waste. Some of these
problems are related to the lack of integration of
upstream processes with downstream processes.
Table 1 provides an overview of the key metrics
evaluated in Phase 2 of the study: Break points
referred to an activity with hand-offs between
departments, people, systems and functions. With
the 54 break points that were identified, steps need
to be put in place to ensure that the transition at the
break points are smooth to support optimal flow of
the process. The 2™ metric, Business Rules directs
an individual or machine through a different path
depending on the condition that is met. During the
analysis the applicability of the business rules were
questioned and found to be relevant. The Gaps
identified focused on identifying where the out-of-
the-box instance of OpenMRS did not meet specific
requirements in the South African context. This
meant that some customisation will be required. The
Risks identified highlight potential weaknesses in
the process. During phase 3 of the methodology,
when the risks were put to the Delphi Group, these
were identified as “not significant”. Finally the
Waste identified in the process highlighted the
potential opportunities to streamline the process.

4.1.2 Expert Commentary on Process
Models

The Delphi study was conducted over one month (15
November 2011 — 15 December 2011). Using a
questionnaire, participants profiled themselves as
spending their time doing research, implementing
EMR solutions and performing clinical activities.
Four, out of five, participants has experience in
overcoming challenges of diagnosis and treatment of
MDRTB patients and experience in healthcare
quality improvement projects. All three clinicians in
the group have knowledge of the South African
clinical guidelines. Only one participant refrained
from indicating their level of experience with EMR
solutions, two of the participants expressed "some
experience" and another two expressed a "great deal
of experience". With the exception of the one
participant who practices process analysis on a daily
basis, all other participants had limited exposure to
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process analysis. One of the clinicians expressed an
interest to learn process analysis.

In support of existing literature all participants
agreed that the alignment of process, technology and
the individual is very important (Elske et al., 2006);
(Ludwicka and Doucettea, 2009); (Tsiknakis and
Kouroubali, 2009). Participants also indicated that
operational efficiency, quality improvement and
innovation in service delivery of healthcare are
poorly explored subjects in healthcare research
(Elkhuizen et al., 2006). They also identified that
these subjects are becoming more relevant as the
burden on the healthcare system grows (Nathanson
et al., 2006); (Singh and Padayatchi, 2007);
(Keshavjee et al., 2008; 2009), (WHO, 2009);
(WHO, 2010). In the literature reviewed it is evident
that much of the in these subjects is concentrated in
the developed world (Boston-Fleischhauer, 2008a);
(Pickles et al., 2008); (Chan and Kaufman, 2010).

In this study participants raised issues potentially
related to developing countries; issues of poor
capacity development and inefficient turn-around
times as gaps and risks, respectively. Participants
refer to poor capacity both in terms of the
infrastructure; such as diagnostic equipment,
integration of specialized technologies, and in terms
of skilled human resources to execute procedures.
Laboratory results that are used for diagnosis are
conducted by a third party in South Africa, creating
a further disconnect. Turn-around times of processes
thus need to be more tightly managed to support the
efficiency of the diagnostic process. As highlighted
by Seung et al. (2009), there are several cases where
a delayed diagnosis results in treatment being
delayed resulting in a patient’s delayed recovery or
even death. All participants agreed with these and
other wastes identified in the process analysis.

Wastes were stated as improvements, gaps or
risk in the second round of the Delphi study and
tested with the participants. In agreement with
existing research, their responses show that two of
the greatest inefficiencies in current non-EMR
settings are the redundant capture of information and
laborious data analysis (Gerntholtz et al., 2007);
(Vine, 2007); (Blaya et al., 2008); (Clifford et al.,
2008).

The benefit of developing a new guideline was
deemed questionable as expert comments
highlighted that all healthcare workers do not follow
the current prescribed guidelines and suggested any
revisions may remain unimplemented. However,
given the various improvements that have been
recommended by participants in this study and those
noted in recent literature (Seung et al., 2009)
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Table 1: Process analysis summary.

Process analytics

Total instances of analytics identified

Break Points: An activity with hand-offs between departments, people, systems and functions 54
Business Rules: Determine behaviour. It directs a person or machine with regard to; what to do 5

and when.

Gap: A particular function or step that the clinical guideline requires but OpenMRS does not 3
support.

Moment of truth: The interaction between patient and the health care facility 9

Risk: An unforeseen error that could impact the flow of the process from successfully reaching 3

its objective.

Waste: Activities in the process that result in inefficiencies that can be avoided. 5

(Albert et al., 2010); (Cegielski, 2010); (O’Donnell
et al., 2010); a new guideline could allow for the
incorporation of best practices. Understanding the
gap between the technology and the process is a
critical exercise that must be conducted to ensure
that there are limited work-a-rounds once the HIS
implementation is completed. The gap analysis
indicates there is a high concentration of gaps
between the process-and the technology (14).

As noted by a participant, it is important for a
HIS to be customizable, “The reality of the
operational set up is that the care process is highly
fluid”. A participant, who is an international
OpenMRS implementer, highlighted how nine of the
thirteen gaps between task and technology could be
closed by customisations. OpenMRS has been
customised and integrated with other applications
like Chasqui in Peru (Blaya et al, 2007),
FrontlineSMS in Ghana & AMPATH in clinics in
sub-Saharan Africa (Anokwa, 2010); (Kumar et al.,
2010); (Wei-Chih et al., 2010), and integration with
Google maps in Pakistan (Ford, 2009). Thus
illustrating OpenMRS can be customised for
different contexts; including developing countries.

Given the growing use of technologies to support
clinical decision making (Terazzi et al., 1998);
(Andersson et al., 2003); (Marc Mitchell et al.,
2007); (Isern and Moreno, 2008); (Anokwa, 2010),
it was not surprising that participants, particularly
clinicians, made recommendations with regard to the
need to integrate specialised technologies. This is
further supported by the fact that the majority of
participants responded positively to the technology
improvement in OpenMRS regarding clinical
decision making support to aid healthcare workers.
While there are numerous gaps highlighted in the
out-of-the-box installation of OpenMRS MDRTB
module, it does help to mitigate various identified
risks and eliminate waste; making the diagnosis and
treatment process of MDRTB more efficient.
However it would be better if the gaps identified in

the study were closed before an implementation is
done.

Two process improvements were presented to
participants: Firstly, always taking 3 sputum samples
and secondly, replacing the MDRTB register with
the investigation form. The clinical guideline
specifies that three sputum samples be collected
based on a specified decision tree and the
recommendation was to simplify the process and
always collect 3 sputum samples. Participants
“disagreed” and “strongly disagreed” with the
process modification suggested, although no reason
was provided by participants when this was queried.
The majority of the participants were “undecided”
whether replacing the register with the investigation
form would yield value. Thus, based on the experts’
experience in the field, these interventions appear
likely to have an insignificant impact.

One of the greatest opportunities to enhance the
OpenMRS system is to ensure that the processes that
are supported by the system adequately provide
relevant communication to stakeholders involved in
the process. Quality improvement research
highlights the need for effective communication
among healthcare workers during the clinical care
process to support care co-ordination (Boston-
Fleischhauer, 2008a); (Tanevaa et al., 2010). All
participants did not respond to statements relating to
the need for the system to support communication,
and responses varied widely. An individual’s
perspective on this issue may be dependent on the
environment in which the participant operates. This
form of context dependent analysis did not form part
of this research however it does suggest an area for
future research.

4.2 Synergies for Co-treatment of
MDRTB & HIV

One of the greatest challenges in the developing
world is the dual infection of HIV and MDRTB
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(Cohen and Maarstens, 2004); (O'Donnell et al.,
2009); (Seung et al., 2009). This was supported by
the findings in this study as all participants agreed
that there is a need for the co-treatment of HIV and
MDRTB patients.

Participants highlighted several factors that could
offer synergies for the co-treatment such as;
identifying the reasons for the delay in initiating
HIV treatment of MDRTB patients and the provision
of support to HIV and MDRTB patients to adhere to
their treatment programmes. These are supported by
World Health Organisation (2009) research and by
Perumal et al., (2009). Participants suggested, and
strongly agreed, that it would be preferable to have
one service provider to support the treatment of
patients suffering both conditions. This has not been
explored in any previous study and should be further
explored from both an operational and clinical
perspective.

A participant noted the lack of existing literature
detailing the advantages and disadvantages of a
decentralized model of care (a.k.a community care
or mobile care). As with previous studies,
participants also highlighted the need for MDRTB
patients attending facilities to be tested for HIV
(O’Donnell et al., 2010). The synergies that were
raised, but which participants disagreed on were;
electronic monitoring systems that do not require
specialised data capturers, separate clinic notes and
registers and the provision of isoniazid prophylaxis
for all immune-compromised individuals, especially
post TB treatment.

The participants with a clinical background also
highlighted the need for more synergies in terms of
drug treatments to effectively support the
consequences of drug interaction; as highlighted by
Cohen and Maastens (2004), Calver et al., (2010)
and Cegielski, (2010). Participants reiterated the
point made in previous studies that there is a need
for early treatment of ARV in dually infected
patients (O'Donnell et al., 2009); (Seung et al.,
2009).

The participants with OpenMRS implementation
experience also contributed to the synergies
identified, indicating that electronic monitoring
systems could support patient treatment adherence.
This is not surprising, as OpenMRS implementations
in other African countries have already encountered
such challenges and have worked on solutions such
as SMS reminders (Allen et al., 2007);
(Noormohammad et al., 2010); (Choi and Fraser,
undated).
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4.3 Value of Process Engineering

Participants had no substantive disagreement with
the findings presented as a result of the process
analysis. In addition, participants expressed the
value that they had seen in terms of the advantages
noted in the first round of the Delphi review. Thus
the exercise promoted the appreciation of the value
of process analysis. Four out of five participants
agreed that conducting the process analysis was a
time consuming activity. Given that participants
themselves did not conduct the process analysis,
their perception of the time consuming nature of the
activity may be biased.

While there are a few studies that highlight the
value of process models as a medium to teach
healthcare workers (Stausberga et al., 2003), this
potential benefit was ranked lower than most other
advantages noted by participants. The use of process
analysis in the development of clinical protocols has
been noted by Taneva et al., (2010). Participants in
this study both identified this advantage and ranked
it very high. It is a growing trend in healthcare
quality improvement programmes and research to

encourage  healthcare  workers to  initiate
improvement = opportunities  (Needleman and
Hassmiller, = 2009); (Chassin et al., 2010).
Participants identified process analysis as a

technique to realise this advantage and ranked it
very highly.

One of the participants highlighted that there is a
need to measure improvement in clinical outcomes
with the implementation of a HIS and research
indicates that evidence based medicine is strongly
supported by implementations of HIS (Paulus et al.,
2008).

5 CONCLUSIONS

This study has presented an opportunity to
understand how healthcare can be delivered with
operational excellence. Even in the developing
world context, simple process improvement can go a
long way to improving service.

Firstly modelling the process that healthcare
workers are expected to follow in the diagnosis and
treatment of MDRTB (based on the SA clinical
guidelines) and the electronic HIS processes (based
on OpenMRS documentation) it became easier to
understand the main objectives of the diagnosis and
treatment process.

Secondly the process models allowed for the
analysis of wastes, opportunities for improvement
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and the alignment between the SA clinical
guidelines and the functions of OpenMRS. The
process analysis highlighted that there are
inefficiencies in the process related to poor data
management and break-points in the process. There
are also various opportunities to provide value add
to the patient, with reminders for follow-ups and
better reporting requirements to improve assessment
of the processes. There are numerous areas where
the out-of the box OpenMRS MDRTB installation
does not fit the South African context but has the
ability to reduce the inefficiencies that currently
exist.

Thirdly, the process analysis findings were
validated with experts in the field. The experts
confirmed that the findings were valid in terms of
outlining the relevant steps to be followed by
healthcare workers, the need for technology to
enable the process where appropriate and risks and
wastes that make the process inefficient. Participants
disagreed with the need to adjust the sputum
collection tasks and synergies of co-treatment such
as a single service provider and provision of
isoniazid prophylaxis for all immune-compromised
individuals.

The study assists in providing evidence to
illustrate the value of process engineering in the
developing world. The findings support current
trends in quality improvement such as evidence
based medicine. This will help the focus in the
developing world to include operational excellence
to improve the quality of care delivery, clinical
outcomes and the wuse of technology where
applicable to support these initiatives.

REFERENCES

Albert, H., Bwanga, F., Mukkada, S., Nyesiga, B.,
Ademun, J. P., Lukyamuzi, G., Haile, M., Hoffner, S.,
Joloba, M. & O’Brien5, R. (2010) Rapid screening of
MDR-TB using molecular Line Probe Assay is
feasible in Uganda. BMC Infectious diseases, 10,
10.1186/1471-2334-10-41.

Allen, C., Jazayeri, D., Miranda, J., Biondich, P. G.,
Mamlin, B. W., A.Wolfe, B., Seerbregts, C., Lesh, N.,
Tierney, W. M. & Fraser, H. (2007) Experience in
Implementing the OpenMRS Medical Record System
to support HIV treatment in Rwanda. Studies in Health
Technology and Informatics, 129, 382-386.

Andersson, A., Hallberg, N. & Timpka, T. (2003) A model
for interpreting work and information management in
process-oriented healthcare organisations.
International Journal of Medical Informatics, 72, 47-
56.

Anokwa, Y., (2010) Delivering Better HIV Care in Sub-

Saharan  Africa Using Phone-Based Clinical
Summaries and Reminders University of Washington
Available from: cs.washington.edu/homes/
yanokwa/.../2010_UW_Generals Paper.pdf [Accessed
November 2010].

Berg, M. & Toussaint, P., (2003) The mantra of modeling
and the forgotten powers of paper: a sociotechnical
view on the development of process-oriented ICT in
health care. International Journal of Medical
Informatics, 69, 223-234.

Bergman, R., (1994) Re-engineering Health Care.
Hospital & Health Networks, 64, 23-36.

Blaya, J., Holt, B. & Fraser, H. S., (2008) Evaluations of
the Impact of eHealth Technologies in Developing
Countries: A Systematic Review. Working paper for
Rockefeller eHealth Meeting. Harvard-MIT Division
of Health Sciences and Technology, Partners In
Health, Division of Social Medicine and Health
Inequalities.

Blaya, J. A., Shin, S. S., Yagui, M. J., Yale, G., Suarez, C.
Z., Asencios, L. L., Cegielski, P. & Fraser, H. S.,
(2007) A web-based laboratory information system to
improve quality of care of tuberculosis patients in
Peru: functional requirements, implementation and
usage statistics. BMC Medical = Informatics and
Decision Making, 7, 10.1186/1472-6947-7-33.

Boston-Fleischhauer, C., (2008a) Enhancing healthcare
process design with human factors engineering and
reliability science, part 1: setting the context. J Nurs
Adm, 38, 217.

Boston-Fleischhauer, C., (2008b) Enhancing healthcare
process design with human factors engineering and
reliability science, part 2: applying the knowledge to
clinical documentation systems. J Nurs Adm, 38, 84-9.

Cegielski, J. P., (2010) Extensively Drug-Resistant
Tuberculosis: “There must be some kind of way out of
here”. Clinical Infectious Diseases, 50, S195-S200.

Chan, C. V. & Kaufman, D. R., (2010) A technology
selection framework for supporting delivery of patient-
oriented health interventions in developing countries.
Journal of Biomedical Informatics, 43, 300-306.

Chassin, M. R., Loeb, J. M., Schmaltz, S. P. & Wachter,
R. M., (2010) Accountability Measures — Using
Measurement to Promote Quality Improvement. The
new England Journal of Medicine, 363, 683-688.

Choi, S. & Fraser, H. (undated) Developing Multidrug-
resistant TB Systems Using OpenMRS Partner in
Health - Harvard Medical school Available from:
http://archive.openmrs.org/images/f/f1/TB_Presentatio
n.pdf [Accessed 12 June 2010].

Clifford, G. D., Blaya, J. A., Hall-Clifford, R. & Fraser, H.
S., (2008) Medical information systems: A foundation
for healthcare technologies in developing countries.
BioMedical Engineering Online, 7, 10.1186/1475-
925X-7-18.

Cohen, K. & Maarstens, G., (2004) Management of HIV
and tuberculosis co-infection in South Africa. The
Southern African Journal of HIV Medicine, 8-12

Elkhuizen, S. G., Limburg, M., Bakker, P. J. M. &
Klazinga, N. S., (2006) Evidence-based re-

151



HEALTHINF 2013 - International Conference on Health Informatics

engineering: re-engineering the evidence A systematic
review of the literature on business process redesign
(BPR) in hospital care. International Journal of
Health Care Quality Assurance, 19, 477- 499

Elske, A., Carola, I. & Mabhler, C., (2006) IT - Adoption
and the interaction of task, technology and individuals:
a fit framework and a case study. BMC Medical
Informatics Decision Making, 6, 1472 - 6947

Ford, R. E., (2009) Integrating Global Information
Systems into ehealth initiatives in Africa University of

Rwanda Available from: http://idrc-
gisworkshop.pbworks.com/
f/FINAL eHealth GIS Report8rev.pdf [Accessed

June 2011].

Francis, S. D. & Alley, P. G., (1996) A “patient focus
review” of surgical services Business process re-
engineering in health care. Business Process Re-
engineering & Management Journal, 2, 48-62

Frasier, H., May, M. A. & Wanchoo, R., (2008). e-Health
Rwanda Case Study.

Gerntholtz, T., Heerden, M. V. v. & Vine, D. G. (2007)
Electronic Medical Records -Why should you consider
implementing an EMR?  Continuing Medical
Education, 25, 24-28

Hancock, B., (2002) An Introduction to Qualitative
Research. Trent Focus Group.

Harrison, D., (2009) An Overview of Health and Health
care in South Africa 1994 — 2010: Priorities, Progress
and Prospects for New Gains A Discussion Document
Commissioned by the Henry J. Kaiser Family
Foundation* to Help Inform the National Health
Leaders” Retreat Muldersdrift - Johannesburg
Available from: [Accessed April 2010].

Hartung, D. & Biglin, J., (2010) Clinical effectiveness
Achieving results - not just the latest buzzword
Deloitte Available from: http://www.deloitte.com
[Accessed October 2010].

Haux, R. (2006) Health Information systems - Past,
Present and future. International Journal of Medical
Informatics, 75, 268 - 281.

Heeks, R. (2006) Health information systems: Failure,
success and improvisation. International Journal of
Medical Informatics, 75, 125 - 137

Isern, D. & Moreno, A. (2008) Computer-based execution
of clinical guidelines: A review. International journal
of medical informatics, 77, 787 - 808

Keshavjee, S., Seung, K., Gupta, R., Nicholson, T.,
Talbot, J. R., Vanderwarker, C. & Zintl, P. (2008)
Stemming the tide of multi-drug resistant tuberculosis:
major barriers to addressing the growing epidemic A
white paper for the institute of medicine of the
national academies Harvard Medical School, Partners
In Health, Francois - Xavier Bagnoud Center For
Health and Human Rights, Brigham and Women's
Hospital Available from: [Accessed

Kumar, A., Chen, J., Paik, M. & Subramanian, L. (2010)
ELMR: efficient lightweight mobile records
Proceedings of the 1st ACM workshop on Networking,
systems, and applications for mobile handhelds. New
York USA Available from: http://dl.acm.org/citation.

152

cfm?1d=1592606 [Accessed May 2011].

Lenz, R. & Kuhn, K. A., (2004) Towards a continuous
evolution and adaptation of information systems in
healthcare.  International  Journal of Medical
Informatics, 73,75 - 89

Littlejohns, P., Wyatt, J. C. & Garvican, L., (2003)
Evaluating computerised health information systems:
Hard lessons still to be learn't. Bio Medical Journal,
326, 860 - 865

Ludwicka, D. A. & Doucettea, J., (2009) Adopting
electronic medical records in primary care: Lessons
learned  from  health  information  systems
implementation experience in seven countries.
International Journal of Medical Informatics, 78, 22 -
31

Marc Mitchell, M., M. S., Neal Lesh, P., M. P. H., Hilarie
Cranmer, M., M. P. H., Hamish Fraser, M., MSc, Irina
Haivas, M. D. & Kate Wolf, M. S., (2007) Improving
Care — Improving Access: The Use of Electronic
Decision Support with AIDS patients in South Afiica
Harvard University Available from:
www.hsph.harvard.edu/ihsg/.../ImprovingCarelmprovi
ngAccess.pdf [Accessed September 2009].

Max R. O’Donnell, Jarand, J., Loveday, M., Padayatchi,
N., Zelnick, J., Werner, L., Naidoo, K., Master, 1.,
Osburn, G., Kvasnovsky, C., Shean, K., Pai, M., Walt,
M. V. d., Horsburgh, C. R. & Dheda, K. (2010) High
Incidence of Hospital Admissions With Multidrug-
Resistant and Extensively Drug-Resistant
Tuberculosis Among South African Health Care
Workers. Annals Of Internal Medicine, 153, 516-523

Munir, S. K. & Kay, S. (2005) Simplifying the complexity
surrounding ICU work processes—Identifying the
scope for information management in ICU settings.
International Journal of Medical Informatics, 74, 643
- 656

Muthu, S., Whitman, L. & Cheraghi, H. (1999) Business
Process Reengineering: A Consolidated methodology
The 4th Annual International Conference on Industrial
Engineering Theory, Applications and Practice San
Antonio, Texas, USA Available from:
http://webs.twsu.edu/whitman/papers/ijii99muthu.pdf
[Accessed September 2009].

Mykka nen, J., Riekkinen, A., Sormunen, M., Karhunen,
H. & Laitinen, P. (2007) Designing web services in
health information systems: From process to
application level. International Journal of Medical
Informatics, 76, 89 - 95

Nathanson, E., Weezenbeek, C. L.-v., Rich, M. L., Gupta,
R., Bayona, J., Blondal, K., Caminero, J. A,
Cegielski, J. P., Danilovits, M., Espinal, M. A., Hollo,
V., Jaramillo, E., Leimane, V., Mitnick, C. D.,
Mukherjee, J. S., Nunn, P., Pasechnikov, A., Tupasi,
T., Wells, C. & Raviglione, M. C. (2006) Multidrug-
resistant Tuberculosis Management in Resource-
limited Settings. Emerging Infectious Diseases, 9,
1389-1396

Needleman, J. & Hassmiller, S. (2009) The Role Of
Nurses In Improving Hospital Quality And Efficiency:
Real-World Results. Health Affairs, Available from:



Making the Case for Business Process Re-engineering in Health Informatics - Focusing on MDRTB in South Africa

http://www.healthpolicyfellows.org/pdfs/TheRoleOfN
ursesInlmprovingHospitalQualityandEfficiency-Real-
WorldResultsbyNeedlemanandHassmi.pdf [Accessed
October 2011].

Noormohammad, S., Mamlin, B., Biondich, P., Mcknown,
B., Kimaiyo, S. & Were, M. (2010) Changing course
to make cllinical decision support work in an HIV
clinic in Kenya. International Journal of Medical
Informatics, 79,204 - 210

O'Donnell, M. R., Padayatchi, N., Master, 1., Osburn, G.,
Robert, C. & Horsburgh (2009) Improved Early
Results for Patients with Extensively Drug Resistant
Tuberculosis and HIV in South Africa. International
Journal Tuberculsosis Lung Disease, 13, 855-861

Patwardhan, A. & Patwardhan, D. (2008) Business
process re-engineering — saviour or just another fad?
One UK health care perspective. International Journal
of Health Care Quality Assurance, 21, 289 - 296

Paulus, R. A., Davis, K. & Steele, G. D. (2008)
Continuous Innovation In Health Care: Implications
Of The Geisinger Experience. Health Affairs, 27,
1235-1245Available from: [Accessed November
2011].

Pickles, J., Hide, E. & Mabher, L. (2008) Experience based
design: a practical method of working with patients to
redesign  services.  Clinical ~ Governance: An
International Journal of Biomedical Informatics, 13,
51-58

Seebregts, C., Mars, M., Fourie, C., Singh, Y. & Weyer,
K. (2006) Inexpensive Open Source TB and HIV
electronic medical record system (OpenMRS) in South
Africa Collaborating Toward an EMR for Developing
Countries. AMIA Annual Symposium. Available from:
http://www.mrc.ac.za/conference/satelemedicine/Seeb
regts.pdf [Accessed June 2010].

Seerbregts, C., Mamlin, B., Biondich, P., Fraser, H.,
Wolfe, B., Jazayeri, D., Allen, C., Miranda, J., Baker,
E., Musinguzi, N., Kayiwa, D., Fourie, C., Lesh, N.,
Kanter, A., Yiannoutsos, C., Bailey, C. & Network, T.
O. 1. (2009) The OpenMRS implementers network.
International Journal of Medical Informatics, 78, 711
- 720

Seung, K. J., Omatayo, D. B., Keshavjee, S., Furin, J. J.,
Farmer, P. E. & Satti, H. (2009) Early Outcomes of
MDR-TB Treatment in a High HIV-Prevalence Setting
in Southern Africa. PLoS One, 4, €7186

Singh, J. & Padayatchi, N. (2007) XDR-TB in South
Africa: No time for denial or complacency. PLoS Med,
4, ¢e50

Stausberga, J. r., Bilira, H. s., Waydhasb, C. & Ruchholtz,
S. (2003) Guideline validation in multiple trauma care
through business process modeling. International
Journal of Medical Informatics, 70, 301 - 307

Syed, A. M., Hjarone, L. & Aro, A. R. (2009) The Delphi
Technique in developing Internationl Health Policies:
Experience from the SARSControl Project. The
International Journal of Health, 8

Tanevaa, S., Groteb, G., Easty, A. & Plattnera, B. (2010)
Decoding the perioperative process breakdowns: A
theoretical model and implications for system design.

International Journal of Medical Informatics, 79, 14 -
30

Terazzi, A., Giordano, A. & Minuco, G., (1998) How can
usability measurement affect the re-engineering
process of clinical software procedures? International
Journal of Medical Informatics, 52,229 - 234

Thomas, D. (2008) MDR-TB Module Documentation.
OpenMRS.

Thorne, S., (2000) Data analysis in qualitative research.
EBN Notebook..

Tierney, W. M., Achieng, M., Baker, E., Bella, A,
Biondicha, P., Braitsteina, P., Kayiwae, D., Kimaiyod,
S., Mamlina, B., McKowna, B., Musinguzif, N.,
Nyandikod, W., Rotichd, J., Sidlea, J., Siikad, A.,
Werea, M., Wolfea, B., Wools-Kaloustiana, K.,
Yeunga, A., Yiannoutsosa, C. & Consortium, T.-U. O.
(2010) Experience Implementing Electronic Health
Records in Three East African Countries. MedInfo
2010. Capetown Available from: https:/wiki.
openmrs.org/download/attachments/3346807/Experien
ce+Implementing+Electronic+Health+Records+in+Th
reetEast+AfricantCountries.pdf ~ [Accessed  June
2011].

Tierneya, W. M., Achiengb, M., Bakerc, E., Bella, A,
Biondicha, P., Braitsteina, P., Kayiwae, D., Kimaiyod,
S., Mamlina, B., McKowna, B., Musinguzif, N.,
Nyandikod, W., Rotichd, J., Sidlea, J., Siikad, A.,
Werea, M., Wolfea, B., Wools-Kaloustiana, K.,
Yeunga, A., Yiannoutsosa, C. & Consortium, T.-U. O.
(2010) Experience Implementing Electronic Health
Records in Three East African Countries MedInfo
2010 Capetown Available from: [Accessed

Towers, S., (2010) Outside -in The secret of the 21st
century leading companies. 2nd ed., BP Group Press.

Trkman, P., (2010) The critical success factors of business
process management. International Journal of
Information Management, 30, 125 - 134

Tsiknakis, M. & Kouroubali, A., (2009) Organizational
factors affecting successful adoption of innovative
eHealth services: A case study employing the FITT
framework. International Journal of Medical
Informatics, 78, 39 - 52

Vine, D. G., (2007) Communicating between colleagues -
pitfalls and practical solutions. Continuing Medical
Education, 25, 14 -16

Wei-Chih, L., Tierney, M., Chen, J., Kazi, F., Hubard, A.,
Pasquel, J. G., Rao, B. & Subramanian, L., (2010)
UjU: SMS-based applications made easy Proceedings
of the First ACM Symposium on Computing for
Development New York USA Available from:
http://dev2010.news.cs.nyu.edu/papers/16-lu.pdf
[Accessed March 2011].

White, S. A., (2004) Introduction to BPMN BP Trends
IBM  Corporation Available from: http:/www.
omg.org/bpmn/Documents/Introduction_to BPMN.pd
f[Accessed 15 May 2010].

WHO, (2009) The key bottlenecks hampering the
prevention and scale-up of M/XDR TB control and
patient care A ministerial meeting of high M/XDR TB
burden  countries  Beijing  China  Available

153



HEALTHINF 2013 - International Conference on Health Informatics

from:www.who.int/entity/tb/challenges/mdr/bottlenec
ks/bottlenecks full version.pdf [Accessed June 2010].

WHO, (2009) Global Tuberculosis control WHO report
2009 WHO Report World Health Organisation
Available from: http://www.who.int/tb/publications/
global_report/2009/en/index.html [Accessed 12 April
2010].

WHO, (2010) Multidrug and extensively drug-resistant
TB (M/XDR-TB) 2010 Global report on surveillance
and response World Health Organisation Available
from: http://www.who.int/tb/features_archive/m_xdrtb
_facts/en/index.html [Accessed April 2010].

154



