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Abstract

Implementation of electronic prescribing system can overcome many problems of the paper
prescribing system, and provide numerous opportunities of more effective and advantageous
prescribing. Successful implementation of such a system requires complete and deep
understanding of work content, human force, and workflow of paper prescribing. The current
study was designed in order to model the current business process of outpatient prescribing in
Iran and clarify different actions during this process. In order to describe the prescribing process
and the system features in Iran, the methodology of business process modeling and analysis
was used in the present study. The results of the process documentation were analyzed using
a conceptual model of workflow elements and the technique of modeling “As-Is” business
processes. Analysis of the current (as-is) prescribing process demonstrated that Iran stood at
the first levels of sophistication in graduated levels of electronic prescribing, namely electronic
prescription reference, and that there were problematic areas including bottlenecks, redundant
and duplicated work, concentration of decision nodes, and communicative weaknesses among
stakeholders of the process. Using information technology in some activities of medication
prescription in Iran has not eliminated the dependence of the stakeholders on paper-
based documents and prescriptions. Therefore, it is necessary to implement proper system
programming in order to support change management and solve the problems in the existing
prescribing process. To this end, a suitable basis should be provided for reorganization and
improvement of the prescribing process for the future electronic systems.

Keywords: Electronic prescribing; Medication prescription; Process analysis; Model,
Workflow.

Introduction

Health care systems are under tremendous
pressures owing to the demographic changes
of population and the subsequent demand for
health care. Accordingly, due to the society’s
trend toward medication therapy, the number
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of medication prescriptions and drug items has
steadily increased in most countries and the
society has become much more dependent on the
prescribing, dispensing and processing system
of medication prescriptions (1-6).

Iran is one of the most populous countries
in the Middle East (7) and about 85 million
prescriptions are issued annually for all insured
patient in this country (8). Previous studies on
paper prescribing in Iran have revealed problems
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such as preventable medication errors (9,10),
transcription errors (11,12), polypharmacy
(13.14), inappropriate prescription of antibiotics
and injectable form of drugs (15-22). Moreover,
these studies have emphasized on the impact of
computerized prescription system on reducing
medication error and improving patient safety
(9, 10).

Nowadays, limitations and problems of the
paper-based prescription system and remarkable
advantages of information and communication
technology have led to initiate new technologies
and electronic systems in prescribing as the
final solution to eliminate deficiencies of paper
prescribing (23-32).

However, itshouldbenotedthatthereisastrong
relationship between information technology
and business process (33, 34), and inappropriate
application of information technology in wrong
processes might lead to organizational defeat
and unintended consequences of information
technology such as unfavorable workflow or
untoward changes in communication patterns
and practices. Also, improper automation
intensifies the speed of previous errors incidence
and generates new kinds of errors (35-37).
Successful implementation of an electronic
prescribing system requires complete and deep
understanding of the work content, manpower,
and workflow of paper prescribing. Therefore,
it is essential that workflow patterns related to
baseline conditions of current prescribing be
analyzed. Achieving a thorough understanding
of the current paper system will prevent any
unwanted outcomes due to application of
modern technologies that may not be matched
with workplace (38-43).

Since health systems have complex business
processes involving several departments with
multiple workflows, role definitions, objectives
and fiscal interest (44, 45), some researchers
have studied critical assessment, utilization
of workflow analysis, and clinical processes
modeling (28, 33, 38, 40, 41, 46-54). A number
of these researchers have utilized different
techniques for process modeling and workflow
analysis of electronic prescribing (24, 33, 34,
38, 41, 46, 47, 49). Among these techniques,
Unified Modeling Language (UML) has been
more popular as an effective language for
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Business Process Modeling (BPM) of electronic
prescribing systems (33, 49, 55) and manual
prescription writing (38).

The transition to e-prescribing is not a
single-step process (42, 56) and, in general,
the main actions and steps in the process of
prescribing remain the same with advancing
computerization level (47). Since the failure
to recognize the realities of the current manual
process could drastically impact the adoption
and successful implementation of future
electronic systems, it is necessary that the
current system be analyzed in the first stage
of automation of the prescribing process (38).
The current business process modeling and
analysis provides a visual snapshot to acquiring
a general knowledge of the workflow, business
processes, activities and actors, and also
paves the ground for extracting new system
software requirements, implementing actions
automatization, and changing management (33,
35).

Hence, the objective of this study was
to analyse and model the current outpatient
prescribing process in Iran as well as to clarify
the different actions taken during this process.
The results of the study can provide a suitable
opportunity to reengineer and improve the
process of designing future electronic prescribing
systems.

Experimental

In this study, the Business Process Modeling
and Analysis (BPMA) methodology (57) was
used to demonstrate the process and system
characteristics of the prescribing system in
Iran since this modeling technique is a well-
established approach used to gain understanding
and systematic appraisal, and to identify areas
of improvement of a business process. Also, this
methodology is now widely utilized for non-
software process modeling (52). The business
process analysis consists of the following three
phases that were carried out in sequence:

Phase I: Scope setting (methods and
materials).

Phase II: Data collection, process
documentation and analyses framework

(methods and materials).



Table 1. Interviewees by affiliation.

Modeling of Outpatient Prescribing Process in Iran.

Number of Informants

Affiliation

~N L W W W

Food and Drug Organization (Office for Narcotics and Drug Supervision and Evaluation)

Social Security Insurance Organization (staff investigating and verifying outpatient prescriptions)
Medical Services Insurance Organizations (staff investigating and verifying outpatient prescriptions)
Iranian General Practitioners' Association (IGPA) (members of board of directors)

Tran Pharmacists Association (members of board of directors)

Totals

Phase III: Process analysis, bottlenecks
identification, discussion and recommendations
development (57) (results, conclusion and
discussion).

The study method is explained in the first and
second phases, and the results, discussion, and
suggestions are stated in the third phase.

Phase I: Scope setting

The process model of medication management
and also the definition of electronic prescribing
were used for defining the project scope of
this study. The process model of medication
management is proposed by Bell et al. for
evaluating prescribing systems that encompass
either handwritten or electronic prescribing.
Central to the model are the five major activities
involved inmedication management: prescribing,
transmitting, dispensing, administering, and
monitoring (58). Also, the term e-prescribing
refers to the transmission of prescription or
prescription-related information between a
prescriber, dispenser, insurance organization or
health plan, performed either directly or through
an intermediary (59).

Consequently, the project scope was
defined from the medication prescribing to
the reimbursement claim process, which
including three major activities of Bell’s Model
(prescribing, transmitting, dispensing) and
claim reimbursing. Moreover, only the business
process of medication prescriptions related
to the outpatient patients covered by Social
Security Insurance Organization and Medical
Services Insurance Organization were included
in this scope, since based on Article 38 of the
Fifth Development Plan Law of Iran, the Iranian
Health Insurance Organization should be formed
through the incorporation of all Iranian insurance
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organizations into the Medical Services Insurance
Organization that will provide public coverage
to all members of the society. In addition, the
Social Security Insurance Organization was also
included in the scope of this study on account of
being the largest social insurance institution in
the country.

Phase II: Data collection,
documentation and analyses framework

A qualitative data collection approach
was chosen to provide an in-depth and
detailed description of the current business
process of prescribing in Iran. In this study,
the combination of data collection methods
including semi-structure interviews, visiting
websites of related organizations, examination
the relevant guidelines and publications, and
direct observation of prescription workflow
were used. Methods triangulation was employed
by the first author to ensure validation of the data
provided during interviews and the conclusions
from each of the methods were the same, then
validity is established. Also, the research team
was independent of the prescribing process.

To initiate construction of workflow model
and UML diagrams for outpatient prescribing,
the first author interviewed semi-structurally
with informants from the Office for Narcotics
and Drug Supervision and Evaluation of
Drug Deputy affiliated to the Food and Drug
Organization, staff investigating and verifying
outpatient prescriptions in Social Security
Insurance Organization and Medical Services
Insurance Organizations, and also members
of board of directors of the Iranian General
Practitioners Association (IGPA) and Iran
Pharmacists Association (See Table 1). The
study involved three types of sampling methods;

process
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convenience, purposeful and snowball sampling.
The final sample size of n=23 was defined by the
point when data saturation occurred and no new
explanations emerged. All participants provided
written informed consent to participate in the
study.

The interviews were conducted with the aid of
a semi-structured interview guide. The interview
guide was prepared based on series of questions
about prescribing workflow walk-through (60)
and expanded according to predefined project
scope. The interview guide was pretested with
a Vice-Chancellor for Food and Drug Affairs to
verify face-validity and no modifications were
deemed necessary. Data from the pilot interview
was not included in the final analyses. In order to
increase issues relating to authenticity, accuracy
and keep confidentiality of the interviews, we
tried to define a tranquil place far from worry
of the workplace for interview so that entrance
and exit of the clients and telephone ring don’t
bother the interviewees and disorder the session.
The interview took between 45 and 55 minutes
and all session’s times were recorded by two
electronic systems in order to prevent potential
problems.

All the interviews were digitally audio taped
and transcribed verbatim. In order to ensure
authenticity of the rewritten conversation, the
said texts were revised and confirmed by the
interviewees. The recorded interviews were
then analyzed using content analysis and coded
according to the predetermined categories,
which related to the main elements of conceptual
model of workflow (actors, actions, outcomes,
artifacts, aggregation, context, temporality)
(61), components of business use Case diagram
(business actors, business use case, association
relationship, include and extend relationships)
(62,63), components of activity diagram (actions,
decision point, transaction, join nodes or fork
nodes, swimlane, initial and end state) (64) and
defective areas of prescribing process steps.

The results obtained from content analysis of
collected data were depicted by the conceptual
model of workflow elements (61) and the
technique of modeling “As-Is” Processes (57).
The business process modeling was carried out
through use case and activity diagrams of UML.
Business use Case diagram was drawn using
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IBM Rational Rose Version 7.0.0 software since
it supports UML v2.1 modelization, and has the
capacity of demonstrating business use case and
business actor. As it is not possible to change the
font size on swim lanes in the Rational Rose,
the activity diagram was drawn by the open
source software Argo-UML v0.34 supporting all
standard UML 1.4 diagrams.

Results

Phase II1. Process analysis

The Analysis of the Prescribing Process
Using Conceptual Model of Workflow Elements.

Successful implementations of e-prescribing
systems and the precise depiction of UML
diagrams require a deep understanding of the
main elements of prescription-writing workflow
(38). However, there are different approaches
toward definition and evaluation of workflow
(23, 65, 66); therefore, we used the conceptual
model of workflow elements to define the basic
workflow elements of the current prescribing
process in Iran (Figure 1). The model of elements
defining workflow developed by Unertell et al.
is grounded in the systematic literature review,
and is composed of two levels: pervasive and
specific.

1. The pervasive level includes three
components that apply throughout specific
elements of the workflow: context, temporal
factors and aggregate factors.

2. The specific level is composed of
actors, artifacts, actions, characteristics, and
outcomes (61).

Analysis of the prescribing process using the
technique of modeling “as-is” processes

Modeling as-is business processes provides
a foundation for defining business activities and
improves business processes. In recent years,
UML has been highly regarded as an effective
technique of modeling business processes and
has been recognized as the best way to analyze
processes and describe system characteristics
using graphical techniques (40, 52, 67), while
being comprehensible for people lacking
scientific and technical skills (68). Therefore,
UML activity and use case diagrams were used
to analyze the prescribing process in this study.
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Figure 1. The conceptual model of workflow components for current prescribing process in Iran.

Business process modeling of medication
prescription in iran using business use case
diagram

In first, the context diagram was used in
two levels of abstraction in order to find actors,
and then the related use cases were recognized
according to what people want from the system
(Figure 2).

Use case diagrams are the starting point
for other UML diagrams, and in spite of their
simplicity, they provide a general overview
of the analyzed process. The use case model
contains a set of use cases, actors, and their
relationships extracted from collected data. An
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actor defines a coherent set of roles that users
of an entity can play when interacting with the
entity, including human users and other systems.
A use case represents the steps in a specific
business function or process. The «include» or
«usesy relationship indicates that the path of one
use case is included in another. The «extends»
allows to modify the behaviour of the base
use case and shows that a use case provides
additional functionality that may be required in
another use case (62, 63).

As the use case diagram for the current
prescription process indicates in Figure 3, there
are six main use cases (including prescribing
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Prescription System

Prescription System

Figure 2. The context diagram of prescribing system in Iran.

the medicine, transferring the prescription
to pharmacy, dispensing drugs, relationship
with the insurance organization, request for
reimbursement of prescriptions), and four main
actors (including physician, patient, dispenser,
and insurance office) in this area. The dispenser
actor means pharmacy, dispensing pharmacist or
pharmacy technician, and the insurance office
consists of the prescribing investigators or
verifier staff in insurance organizations.

In this diagram, the relationship between use
cases of patient visit and prescribing was shown
by «extend» connection, because visit use case is
complete even without prescribing use case, and
the visit might be done without any medication
prescription. The use case of prescription is,
therefore, optional. In this analysis, we only
considered visits that entailed prescriptions.

Considering that in the process of dispensing,
the circumstances might be different, we also
used «extend» relation for illustrating the
relationship between the dispensing under
different circumstances (for instance dispensing
of special patients’ prescriptions and verification
of medication prescriptions), indicating that the
dispensing process in these conditions differs
from that in general prescriptions.

Nowadays, dispensing medication to special
patients (including those being treated for
complex disorders such as haemophilia, multiple
sclerosis and thalassemia, as well as transplant
and kidney dialysis patients) requires creation
of a medication record in the database of special
patients, only to be performed by personal
encounter at related insurance offices. Hence,
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the «include» relationship was used for depicting
the compulsory connection between use cases
related to the dispensing of medication to special
patients, creating patient medication record, and
also the relationship with insurance agencies.
Also, personal attendance at insurance offices
and creation of a medication record is initially
required for internet verification of some other
prescriptions as their medication are above the
defined cost limit pricing. In following encounters,
however, it is possible to verify the medication
from the pharmacy through the internet. On the
other hand, pharmacies are eligible to verify
prescriptions under the defined cost limit pricing
online without having to create a medication
record. Therefore, «extend» relationship was
used to represent the conditional relationship
between use cases of verification of medication
prescription and creating patient medication.

The base use case of reimbursing the
expenses includes the functionality of request
for reimbursement use case, as prescription
investigation in order to reimburse the costs
can only be done after receiving all necessary
documents for related insurance agencies
(including a list of prescriptions, electronic files
for prescription records, physical prescriptions,
and paper reimbursement claims). This is the
reason why “include” obligatory relation was
used between these use cases. The diagonal line
on use cases and actors refers to business use
case modeling with UML2.

Business process modeling of prescription in
iran using activity diagram

“Activity diagram is typically used for
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Figure 3. Use case diagram of the prescription process in Iran.

modeling the logic captured in a specific use case
in a use case diagram” (64). An activity diagram,
also referred to as a workflow diagram, employs
traditional flowchart techniques to model
workflow, information exchange, and business
processes (33, 38, 69-71). This type of diagram
is suitable for depicting the dynamic nature of the
prescription process. Activity Diagram is used to
model a specific actorys workflow within the entire
system and shows all potential sequence flows in
an activity. The Activity Diagram is comprised of
the model elements including, actions, decision
point, transaction, join nodes or fork nodes,
swim lane, initial and end state (64).

The activity diagram of the prescription
process in Iran (Figure 4) indicates the order of
activities, tasks and how they are assigned to
different actors (roles) in this business process.
Prescription process starts with the activity initial
node of the patient-physician encounter and ends
in the activity final node of the reimbursement for
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dispensed prescription medications. The activity
diagram displays four swim lanes, representing
the roles of the patient, the physician, the dispenser
and the insurance office (sequencing). These swim
lanes contain the sequence of activities performed
by the actors.

The fork node at the beginning and the joint
node at the end have been used in order to show
simultaneous and parallel activities associated
with the use case of visiting the patient in the
physician swim lane column (including patient
interview, patient physical examination, and
clinical results interpretation), and also to depict
parallel activities associated with the use case of
dispensing in the dispenser swim lane column
(including dispensing for special patients and
medication prescriptions requiring insurance
verification). The reason is that a fork node has
one input flow and several output flows, while
a join node has several input flows and one
output flow. Using decision nodes, the change
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Figure 4. Activity diagram of prescription process in Iran.

in the work content of dispenser activities has
been demonstrated based on conditions resulting
from different types of medication prescription
(including those belonging to special patients that
require insurance verification and the creation
of medication records in insurance offices)
and also evaluation of prescriptions by the
pharmacist (including problematic prescriptions,
and prescriptions that require the pharmacist>s
accessibility to the patient).

Phase IlI: Bottlenecks identification

Qualitative Content analysis based on
defective areas category and also process analysis
to address problematic areas (e.g. redundant
and duplicated work, concentration of decision
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nodes, and communicative weaknesses among
stakeholders) led to detecting bottlenecks of the
prescription process in Iran. These bottlenecks
then categorised by research team based on
identified use cases and swim lanes of the
current prescribing process models in Iran. The
results of the bottlenecks Identification phase is
presented as below:

. In the use case of prescription and
the swim lane of the physician: The physician
prescribes medications without considering
the patient’s financial status, medication
coverage by the patient’s insurance plan, Iranian
pharmacopoeia of insurance coverage, and
patient preferences. This kind of prescription
increases the patient’s dissatisfaction and leads to



generation of prescriptions that are not covered
by any insurance plan.

Paper-based prescribing prevents evaluation
of medication-specific factors and patient-
specific clinical and non-clinical factors, access
to external resources, and the use of clinical
decision support systems for the medication
prescription process. Therefore, warnings about
drug interactions, contraindications, medication
allergies and repetitive medication do not appear
at the time of prescribing. Also, it is not possible
to calculate dosage automatically according to
age, gender, weight, health history, and so forth.

Prescription does not have a unique
prescription number for identification and
tracking. The volume and page number of
the patient’s insurance booklet is the only
prescription identifier that has been wused
in pharmacy software systems over the
years. However, Social Security Insurance
Organization has recently started recording the
18-digit serial number and barcode (composed
of the patient’s National Identifier Number,
insurance branch code, volume number and
page number) on each page of the Social
Security Insurance booklet in order to provide
the required preparation for electronic health
record implementation.

There is no data element about the number
and duration of refills on medication prescription.

The physician cannot review and track the
paper prescription after the drug is picked up
by the patient. Therefore, it is not possible to
modify and cancel the existing prescription, or
discontinue a specific medication, if the patient>s
condition changes.

. In the use case of dispensing and the
swim lane of the dispenser:

All paper prescription data must be entered
in the pharmacy software system to provide
the electronic file containing prescriptions and
dispensing information to be sent to insurance
offices. This causes a bottleneck that slows down
the process of dispensing prescriptions and
imposes extra work on the pharmacy.

The patient’s insurance number is the
most important identifier of the patient in the
pharmacy software system, while it is not a
unique patient identifier. In this regard, the
Social Security Insurance Organization has
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withdrawn the old insurance booklets that did
not contain the National Identifier Number, and
has replaced insurance booklet serial numbers
with this unique number.

Pharmacies do not have a unique national
identifier so the Iranian Food and Drug
Organization of the Ministry of Health and
insurance organizations use different identifiers
to recognize pharmacies.

A fundamental difficulty of this process is
the multiple drug codes used by Food and Drug
Organization of the Ministry of Health and
Medical Education of Iran [Iran Registration
Code (IRC) and European Article Number 13
(EAN-13)], insurer organizations formal five-
digit medication code, and Saman Salamat
Company (16 digit authentication code of drugs).
IRC is a common number for pharmaceutical
products stored in the data bank of the Division
of Pharmaceutical and Narcotic Affairs of the
Drug Supervision and Evaluation Office, from
which all information about pharmaceutical
products can be obtained.

Creation of a medication record is initially
required for internet verification of prescriptions
with medications that are above the defined cost
limit pricing.

Although provided opportunity for online
verification of prescriptions from the pharmacy,
the poor quality of the internet connection in
some cases has caused wandering of the patients
to have their medication prescriptions verified.

Special patient smart cards are only used for
dispensing each specific patient’s medication
based on the defined medication ratio, while
this card has been designed for use through the
prescription processes.

Refilling and renewal of covered medication
prescriptions is not possible through pharmacy
and without referring to the physician. If the
number of refills is indicated on the prescription,
the total price for the renewed prescription will
have to be paid by the patient without taking
insurance coverage into consideration.

Phone call is the only communication
channel between pharmacists and physicians;
therefore, the patient will be referred to the
physician if accessibility to physician is not
possible through this channel when required.
This shows the weakness of communication
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between pharmacists and physicians.

The physician cannot be notified of the filled
or refilled prescriptions in the expected time
course, and therefore it is not possible to identify
the unfilled prescriptions.

In the swim lane of the dispenser, decision
node concentration is seen in activities of
medication prescriptions verification, dispensing
of prescription for special patients, evaluation of
prescription by pharmacists, and pharmacists’
communications with physicians. The use case
management of dispensing is therefore difficult
because of the unpredictability of the activities
resulting from these nodes.

In the wuse case of prescription
reimbursement and the swim lane of the
insurance office:

Despite automation of some activities in
the prescription process such as entering the
prescription data in the pharmacy software
system and the online claiming system of
Social Security Insurance Organization, the
prescriptions investigation in insurance offices is
still done after receiving physical prescriptions.

Insurance offices have different policies
regarding receiving, investigating and verifying
medication prescriptions, and identical services
are provided differently by different health
insurance organizations.

Paper prescriptions are legally the only valid
documents for dispensing and investigating
medication prescriptions, and using electronic
prescriptions is legally forbidden. This legal
limitation has led to rework loops, redundant and
duplicated work in this process.

Discussion

Results of the process analysis indicated that
main use cases and actors of the prescribing
process in Iran were similarly the same with
other studies in this field (28, 33, 38, 47),
as they are common in four main actors
(including Prescriber, patient, dispenser, and
reimbursement agency) and four main use cases
(including prescribing the medicine, transferring
the prescription to pharmacy, dispensing drugs
and reimbursing claim). Moreover, a unique
identifier was not used for prescriptions, patients,
prescribers, dispensers and pharmacies in the
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current prescribing system, while each of these
entities should have a single unique identifier,
and the development of unified identifiers is
an essential prerequisite for the rapid and safe
development of integrated prescribing systems
(51) as suggested by other researchers (5, 49, 58,
72). In this process, the activities of prescribing,
transferring the prescription to pharmacy and
dispensing were performed manually, while
activities of submitting reimbursement claims,
dispensing medication for special patients,
verifying prescriptions, and reimbursing the
costs of dispensed medication are carried out
semi-automatically. However, using information
technology in some activities of medication
prescription has not eliminated the dependence
of insurance organizations on paper-based
documents and prescriptions (73). Meanwhile,
inconsistencies in the policies and practices used
by different insurance organizations regarding
medication prescription has been pointed out in
this research and other studies done in Iran (74-
77).

E Health Initiative (EHI) has outlined six
different graduated levels of e-prescribing
from basic reference systems to advanced
systems demonstrated in a pyramid. Each level
covers more functionalities than previous one.
“The levels of the pyramid are: “1. Electronic
prescription reference only, no prescribing
capability; 2. Stand-alone prescription writer,
with no medication history or supporting data;
3. Addition of basic supporting data, such
as allergies, demographics, and formulary
information, which can be used by the system
to generate alerts; 4. Medication management,
long-term tracking and monitoring of each
patient’s active medications; 5. Connectivity
among practices, pharmacies, payers, pharmacy
benefit managers(PBM’s), intermediaries, and
patients; 6. Integration with a more complete
electronic health record” (78). Therefore,
Iran is placed in the first graduated level of
sophistication based on this model. Moreover,
since drug information, dosage calculation and
pharmacopoeia are accessible as free text or
digitally but are not automatically displayed
when prescribing, medical error reduction
and prevention is extremely difficult in this
system, although most commercial e-prescribing



products at least provide significant features at
levels 2, 3 and 4.

Also, the country is in the first step of
the five-stage model adopted by e-Health
Observatoryinordertosubdividee-prescribing
functionality. This five-stage model includes
zero stage of paper prescription environment
to fifth stage of complete implementation
of electronic prescription and link with the
electronic medical record (EMR). In this
model, some new processes do enter the
workflow with increasingly sophisticated
e-prescribing systems (42). Hence, Iran’s
prescription system has crossed from stage
zero of completely paper-based prescribing
environment to stage one due to the fact
that many applications such as information
systems for health care organizations have
been used in this domain. Because, it’s
suggested that the presence of information
technology utilization in the medical centers
can facilitate the positive pharmacotherapy
interventions, saving lives and minimizing
health care costs (79). However, current
softwares are mnot in compliance with
information exchange standards and decision
support systems (73).

Phase Ill: Recommendations development

According to the research results, the
following suggestions are proposed for solving
the problems of the current prescribing process
in Iran and paving the way for implementing
electronic prescribing system:

Using unique identifiers for patients,
prescriptions, medications, and pharmacies.

. Extending coverage to all members
of the society by the Iran Health Insurance
Organization and creating an integrated payment
system.

Correcting rework loops and eliminating
redundant and duplicated works in this process.
Considering electronic prescribing as a
part of electronic health project.

Establishing a centralized national
prescription database.

Connecting required databases such as
medication, demographic, and decision support
system databases to the central prescribing
database.
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Defining a proctor to implement and
preserve the centralized national prescription
database. Since the Statistics and Information
Technology Office affiliated with the Ministry
of Health and Medical Education has the
responsibility to design and establish electronic
health records, we suggest that the responsibility
of implementing the electronic prescribing
system be assigned to this office as well.
Approving  the  necessary  laws
mandating electronic prescribing, legitimating
electronic signature and accepting electronic
versions of prescriptions as legal documents for
reimbursement.

. Converting all paper artifacts used in
medication prescribing to electronic artifacts.

Defining all  stakeholder information
requirements for the prescribing process.

. Using the capacity of the national

smart card for electronic health records, and
considering health card as a component of the
national smart card.
Merging and integrating the treatment
smart card and the smart card of Medical
Services Insurance Organization with the
national smart card.

. Providing the opportunity to move
toward a paperless environment for activities of
medication prescribing, transmitting, dispensing,
claiming, reimbursing and refilling via electronic
connectivity between physicians, pharmacists
and insurance organizations.

. Providing easy access to the information
of the formulary, medication history and patient
eligibility at the time of prescribing.

Preparing free hardware, software and
technical support, or considering the appropriate

mixture of incentives to attract related
stakeholders to e-prescribing.
Acknowledgement

This study was part of a PhD thesis supported
by Tehran University of Medical Sciences
(Grant No.: TUMS/SHMIS-1390/672). The
work described here was carried out independent
of the funders and the authors did not have any
financial and personal relationships with other
people or organisations that could inappropriately
influence (bias) their work. Therefore, no conflict



Ahmadi M. et al. / TIPR (2014), 13 (2): 725-738

of interest occurred.

References

(1) Hypponen H, Salmivalli L and Sumi R. Organazing for
anational infrastructure project: the case of the Finnish
electronic prescription. Proceeding of the 38" Hawaii
International Conference on System Science, Hilton
Waikoloa Village, Big Island, Hawaii, IEEE (2005).
Adang E, Voordijk L, Jan van der Wilt G and Ament
A. Cost-effectiveness analysis in relation to budgetary
constraints and reallocative restrictions. Health Policy
(2005) 74: 146-56.

Phillips DP, Christenfeld N and Glynn LM. Increase in US

medication-error deaths. Lancet. (1998) 351: 643-644.

Kohn LT, Corrigan J and Donaldson MS. To err is

human: building a safer health system. Washington

DC: national Academies Press; 2000 [cited 2012 Oct

15] Available from:URL: http://www.providersedge.

com/ehdocs/ehr_articles/to_err_is_human_ %20

building_a_safer health system-exec summary.pdf.

Mosleh A, Darbooy SH, Khoshnevis Ansari SH and

Mohammadi M. Drug prescription based on WHO

indicators: Tehran university of medical sciences

facilities with pharmacy. Tehran Uni. Med. J. (2007)

65: 12-15.

IMS Institute for Healthcare Informatics. The use of

medicines in the United States: review of 2010 [serial

online . USA: April 2011 [cited 2012 Oct 15]. Available
from: URL: http://www.imshealth.com/imshealth/

Global/Content/IMS%20Institute/Documents/IHII_

UseOfMed_report%20.pdf.

World Health Organization: WHO-AIMS report on the

mental health in the Islamic Republic of Iran. Tehran:

World Health Organization and Ministry of Health and

Medical Education (2006).

Food and Drug Organization. National Committee of

Rational Use of Drug (NCRUD) [cited 2013 Feb 18].

Available from:URL: http://fdo.behdasht.gov.ir.

Kazemi A, Fors UGH, Tofighi S, Tessma M and

Ellenius J. Physician order entry or nurse order entry?

comparison of two implementation strategies for a

computerized order entry system aimed at reducing

dosing medication errors. J. Med. Int. Res. (2010) 12: 5.

(10) Asadi F, Moghaddasi H, Hosseini A and Maserrat E.
A survey on pharmacy information system at hospitals
affiliated to Shahid Beheshti university of medical
sciences. J. Health Admin. (2010) 13: 31-40.

(11) Kazemi A, Ellenius J, Pourasghar F, Tofighi S,
Salehi A, Amanati A and Uno GH Fors. The effect
of computerized physician order entry and decision
support system on medication errors in the neonatal
ward: experiences from an Iranian teaching hospital. J.
med. systems (2011) 35: 25-37.

(12) Zargarzadeh A H, Emami MH and Hosseini F. Drug-
related hospital admissions in a generic pharmaceutical
system. Clin. Exp. Pharmacol. Physiol. (2007) 34:
494-498.

(13)Soleymani F, Valadkhani M and Dinarvand R.

@

3)
“)

®)

(6)

0

®)

©

736

Challenges and achievements of promoting rational
use of drugs in Iran. Iran. J. ournal of pub. health
(2009) 38: 166-168.

(14) Safaeian L, Mahdanian AR, Hashemi-Fesharaki M,
Salami S, Kebriace-Zadeh J and Sadeghian G-H.
General physicians and prescribing pattern in Isfahan,
Iran. Oman Med. J. (2011) 26: 205.

(15) Mosleh A, Khoshnevis Ansari S, Sorush M, Eghbalpor
A and Babaeian S. Evaluation of the drug prescription
status based on the WHO indices in pharmacies of
health care centers affiliated to Tehran University of
Medical Sciences. Med. J. Islamic Repub. Iran. (2011)
25:222-225.

(16) Soleymani F, Rashidian A, Dinarvand R, Kebriaeezade
A, Hosseini M and Abdollahi M. Assessing the
effectiveness and cost-effectiveness of audit and
feedback on physician’s prescribing indicators: study
protocol of a randomized controlled trial with economic
evaluation. DARU J. Pharma. Sci. (2012) 20: 1-7.

(17) Cheraghali AM, Soleymani F, Behmanesh Y, Hbibipour
F, Ismaeilzadeh A, Nikfar S and Rahimi W. Physicians’
Attitude toward Injectable Medicines. J. Pharmacol.
Toxicol. (2006) 1: 33-39.

(18)Nikfar S, Kebriacezadeh A, Majdzadeh R and
Abdollahi M. Monitoring of National Drug Policy
(NDP) and its standardized indicators; conformity to
decisions of the national drug selecting committee in
Iran. BMC Int. Health Hum. Rights (2005) 5: 5-5.

(19)Garjani A, Salimnejad M, Shamsmohamadi M,
Baghchevan V, Vahidi RG, Maleki-Dijazi N and
Rezazadeh H. Effect of interactive group discussion
among physicians to promote rational prescribing.
East Mediterr Health J. (2009) 15: 408-415.

(20) Cheraghali AM, Nikfar S, Behmanesh Y, Rahimi
V, Habibipour F, Tirdad R, Asadi A and Bahrami A:
Evaluation of availability, accessibility and prescribing
pattern of medicines in the Islamic Republic of Iran.
East Mediterr Health J. (2004) 10: 406-415.

(21)Sepehri G and Meimandi MS. The quality of
prescribing in general practice in Kerman, Iran. Int. J.
Health Care. Qual. Assur. (2005) 18: 353-360.

(22) Cheraghali AM, Soleymani F and Shalviri G.
Promoting rational use activities in Iran: a successful
trend. Essential Drugs Monitor (2003) 33: 10-11.

(23) Costa AL, de Oliveira MM and Machado Rde O. An
information system for drug rescription and distribution
in a public hospital. Int. J. Med. Inf. (2004) 73: 371-381.

(24) Bell DS, Marken RS and Meili RC. Recommendations
for comparing electronic prescribing systems: results
of an expert consensus process. Health aff (Millwood)
[serial online]. (2004) [cited 2012 Oct 8]23(4):305-317.
Available from: URL: http://www.elsevierbi.com/~/
media/Images/Publications/Archive/The%20Pink%20
Sheet%20Daily/2004/5/25/14040525004/040531
health_affairs_article.pdf.

(25)Eysenbach G. What is e-health?. J. Med. Int. Res.
(2001 ) 3: 20.

(26) Salmivalli L and Hilmola OP. Business Pluralism of
Electronic Prescriptions: State of Development in Europe
and the USA. Int. J. Electron. Healthc. (2006) 2: 132-148.



(27)Joia LA and Magalhaes C. Implementation of an
electronic prescription system in Brazilian general
hospital: understanding source of resistance. Electronic
J. Inform. Sys. Dev. Count. (EJISDC). (2009) 39: 1-18.

(28) Hypponen H, Salmivalli L, Nykanen P, Pajukoski M
and Ruotsalainen P. Testing a theoretical framework
for interdiciplinary IS evaluation: The case of Finnish
electronic prescription. /nt. J. Health Care Technol.
Manage. (2007) 8: 42-65.

(29) Schiff GD and Rucker TD. Computerized prescribing:
building the electronic infrastructure for better
medication usage. J. Am. Med. Inform. Assoc. (1998)
279: 1024-1029.

(30) Suomi R. Electronic prescriptions as a part of national
ICT-infrastructure for the healthcare industry. Turku
School of Economics, Finland (2009). Available from:
URL: http://www.ismict2009.org/pdf/2D02.pdf.

(31) Strom BLand Schinnar R. Evaluating health information
technology’s clinical effects. Leonard Davis Institute
of Health Economics [serial online]. (2011) [cited
2012 Oct 10] 16: 1-4. Available from: URL: Http:/
www.upenn.edu/ldi/IssueBriefVol16Issue4-3.pdf.

(32)Keet R.Essential characteristics of an electronic
prescription writer. J Healthc Inf Manag [serial online].
(1999) [cited 2012 Oct 10] 13(3): 53-61. Available
from:  URL:  http://www.himss.org/content/files/
jhim/13-3/him13306.pdf.

(33) Liu XM and Wyner GM (eds.) Coordination analysis:
a method for deriving use cases from process
dependencies. Proceedings of the 4th International
Conference on Design Science Research in Information
Systems and Technology, Philadelphia (2009).

(34) Attaran M. Exploring the relationship between
information technology and business process
reengineering. Inform. Manage. (2004) 41: 585-596.

(35) Ammenwerth E, Talmon J and Ash JS. Impact of CPOE
on mortality rates--contradictory findings, important
messages. Meth. Inf. Med. (2006) 45: 586-593.

(36) Ash J, Coiera E and Berg M. Some unintended
consequences of information technology in health care:
The nature of patient care information system-related
errors. J. Am. Med. Inform. Assoc. (2004) 11: 104-112.

(37) Campbell EM, Sittig DF, Ash JS, Guappone KP and
Dykstra RH. Types of unintended consequences
related to computerized provider order entry. J. Am.
Med. Inform. Assoc. (2006) 13: 547-556.

(38)Johnson KB and Fitzhenry F. Case report: activity
diagrams for integrating electronic prescribing tools
into clinical workflow. J. Am. Med. Inform. Assoc.
(2006) 13:391-395.

(39)Brennan S and Spours A. Electronic prescribing and
medicines administration: are we overcoming the
barriers to success?. Br. J. Healthcare. Comput. Info.
Manage. (2003) 20: 19-22.

(40) Shiki N, Ohno Y, Fujii A, Murata T and Matsumura
Y. Unified Modeling Language (UML) for Hospital-
based Cancer Registration Processes. Asian. Pac. J.
Cancer. Prev. (2008) 9: 789-796.

(41) Eisenberg F and Barbell AS. Computerized physician
order entry: eight steps to optimize physician workflow.

737

Modeling of Outpatient Prescribing Process in Iran.

J. Healthcare Inform. Manag. (2002) 16: 16-8.

(42)Partridge C and Bassi J. Electronic prescribing:
workflow  analysis.  handbook  v3.0.  eHealth
Observatory [serial online] (2011) [cited 2012 Oct 10].
Available from: URL: http://ehealth.uvic.ca/resources/
tools/WorkflowModeling/2011.02.18-ePrescribing
Workflow Handbook-v3.0.pdf.

(43) Gorman P, Lavelle M and Ash J. Order creation and
communication in healthcare. Meth. Inform. Med.
(2003) 42: 376-383.

(44) Williams W, Lyalin D and Wingo PA. Systems thinking:
what business modeling can do for publichealth. J.
Public Health Manage. Practice (2005) 11: 550.

(45) Saboor S, Ammenwerth E, Wurz M and Chimiak-Opoka
J. MedFlow-improving modeling and assessent of clinical
processes. Stud. Health Technol. Inform. (2005) 116: 521.

(46) Chou YC, Chen BY, Tang YY, Qiu ZJ, Wu MF, Wang
SC, Lin HS and Chuang WC. Prescription-Filling
Process Reengineering of an Outpatient Pharmacy. J.
Med. Syst. (2012) 36: 893-902.

(47)Partridge C and Bassi J. Electronic Prescribing
Workflow Analysis Handbook v1.0 [serial online]
(2010) [cited 2012 Oct 10]. Available from: URL: http://
ehealth.uvic.ca/resources/tools/WorkflowModeling/
WorkflowModeling.php.

(48) Boyd LB, Hunicke-Smith SP, Stafford GA, Freund
ET, Ehlman M, Chandran U, Dennis R, Fernandez
AT, Goldstein S, Steffen D, Tycko B and Klemm JD.
The caBIG® life science business architecture model.
Bioinform. (2011) 27: 1429-1435.

(49) Liaw ST, Deveny E, Morrison I and Lewis B. Clinical,
information and business process modeling to promote
development of safe and flexible software. Health
Inform. J. (2006) 12: 199-211.

(50)Khan SA, Payne PRO, Johnson SB, Bigger JT and
Kukafka R. Modeling clinical trials workflow in
community practice settings [serial online]. AMIA
Annu Symp Proc. (2006) [cited 2012 Oct 11] 419-23.
Available from: URL: http://www.ncbi.nlm.nih.gov/
pmc/articles/PMC1839500/pdf/AMIA2006 0419.pdf.

(51)de Carvalho ECA, Jayanti MK, Batilana AP, Kozan
AM, Rodrigues MJ, Shah J, Loures MR, Patil S,
Payne P and Pietrobon R. Standardizing clinical trials
workflow representation in UML for international site
comparison. PloS. One. (2010) 5: 13893.

(52) Kumarapeli P, De Lusignan S, Ellis T and Jones
B. Using Unified Modeling Language (UML) as a
process-modeling technique for clinical-research
process improvement. Inform. Health Soc. Care.
(2007) 32: 51-64.

(53)Knape T, Hederman L, Wade V, Gargan M, Harris C
and Rahman Y. A UML approach to process modeling
of clinical practice guidelines for enactment. Stud.
Health Technol. Inform. (2003) 95: 635-640.

(54) Jun GT, Ward J, Morris Z and Clarkson J. Health care
process modeling: which method when?. Int. J. Qual.
Health Care. (2009) 21: 214-224.

(55)Mehta CH. Software Requirements specification for
hospital information system [serial online]. Version
1.0. (2010) [cited 2012 Oct 10]. Available from: URL:



Ahmadi M. et al. / TIPR (2014), 13 (2): 725-738

http://www.chintanmehta.co.cc/download/Mehta
Chintan_SRS.pdf.

(56)Shores T, Obey T and Boal R. The evolving
e-prescribing landscape Challenges, incentives, and
the opportunities for industry stakeholders [serial
online]. Deloitte Development LLC, (2010) [cited
2012 Oct 10]. Available from: URL: http://www.
deloitte.com/assets/Dcom-UnitedStates/Local%20
Assets/Documents/us_Ishc_eprescribing_022610.pdf.

(57) The secretariat of the Economic and Social Commission
for Asia and the Pacific (ESCAP). Business Process
Analysis Guide to Simplify Trade Procedures. United
Nations publication [serial online], Thailand (2009)
[cited 2012 Oct 5]. Available from: URL: http://www.
unescap.org/tid/publication/tipub2558 chap3.pdf.

(58)Bell DS, Cretin S, Marken RS and Landman AB. A
Conceptual Framework for Evaluating Outpatient
Electronic Prescribing Systems Based on Their
Functional Capabilities. J. American Med. Inform.
(2004) 11: 60-70.

(59) eHealth Initiative. 4 Clinician»s Guide to Electronic
Prescribing.Washington [serial online], D.C: (2008)
[cited 2012 Oct 10]. Available from: URL: http://www.
aaos.org/research/committee/evidence/eprescribing-
guide.pdf.

(60) chealth observatory2. ePrescribing Workflow Walk-
through. eHealth Observatory ePrescribing Workflow
Handbook v3.0. (2011) [cited 2013 Feb 10]. Available
from: URL:
http://ehealth.uvic.ca/resources/tools/
WorkflowModeling/2011.02.15-ePrescribing_
Workflow_Scenarios-v3.0.pdf

(61) Unertl KM, Novak LL, Johnson KB and Lorenzi NM.
Traversing the many paths of workflow research:
developing a conceptual framework of workflow
terminology through a systematic literature review. J.
Am. Med. Inform. Assoc. (2010) 17: 265-273.

(62) Ambler SW. The Elements of UMLTM2.0 Style. New
York: Cambridge University Press (2005).

(63)Neustadt I and Arlow J. UML 2 and the Unified
Process: Practical object-oriented analysis and design.
Addison-Wesley Professional (2005).

(64) Information and Technology Management Branch.
Activity diagram modeling standards and guidelines:
Version 1.0 IM / IT Standards & Guidelines, 2005.
Available from:URL: http://www.bced.gov.bc.ca/imb/
downloads/activitydiagramstandards.pdf.

(65) Niazkhani Z, Pirnejad H, Berg M and Aarts J. The
impact of computerized provider order entry systems
on inpatient clinical workflow: A literature review. J.
Am. Med. Inform. Assoc. (2009) 16: 539-549.

(66) Unertl KM, Weinger MB, Johnson KB and Lorenzi
NM. Describing and modeling workflow and
information flow in chronic disease care. J. Am. Med.
Inform. Assoc. (2009) 16: 826-836.

(67) Ikhu-Omoregbe N. Formal modeling and design of
mobile prescription applications. J. Health Inform.
Dev. Count. (2008) 2: 6-9.

68. Dragicevic S, Celar S and Novak L. Roadmap for

738

(68) requirements engineering process improvement using
BPM and UML. Advances in Production Engineering
& Management [serial online]. (2011) [cited 2012 Oct
10];6(3):221-231. Available from:URL: http://maja.
uni-mb.si/files/apem/APEM6-3-view.pdf#page=79.
Lyalin D and Williams W. Modeling cancer registration
(69) processes with an enhanced activity diagram. Meth.
Inform. Med. (2005) 44: 11-13.
Williams W, Lyalin D and Wingo PA. Systems
(70) thinking: what business modeling can do for public
health. J. Public. Health Manag. Pract. (2005) 11: 550.
Booch G, Rumbaugh J and Jacobson I. Unified
(71)modeling language user guide. Addison- Addison-
Wesley Professional (2005).
Barber N, Franklin BD, Cornford T, Klecun E and Savage
(72) 1. Safer, faster, better? Evaluating electronic prescribing.
Report to the patient safety research programme [serial
online]. (2006) [cited 2012 Oct 10]. Available from:
URL:  http://www.who.int/patientsafety/information
centre/reports/PS019 Barber Final report.pdf
Statistics and Information Technology Office.
(73) Development  of EHR architecture.Recognition
of applications. Ministry of Health and Medical
Education of Iran [serial online] , (2009) [cited 2012
Oct 10]. Available from: URL: http:/it.behdasht.gov.
ir/uploads/101_812_shenakht%20e%20S.W.pdf.
Bahadori M, Ravangard R, Farzaneh A and Hakimzadeh
(74) SM. Research needs assessment in the health insurance
organization: Level of health care provider. Electronic
Physician. (2011) 3: 436-441.
Bahadori M, Ravangard R, Rahmani H and Hajisaftar
(75) S. Prioritizing the performance indicators of a large
insurance organization in Iran from the patientsy
perspective. Int. J. Collaborative Res. Int. Med. Public
Health (2012) 4: 1392-1398.
Marnani AB, Teymourzadeh E, Bahadori M,
(76) Ravangard R and Pour JS. Challenges of a large health
insurance organization in Iran: A Qualitative Study. /nt.
J. Collaborative Res. Int. Med. Public Health (2012) 4:
1050-1062.
Hashemi Meshkini A, Keshavarz Kh, Nikfar S, Vazirian
(77)1 and Kebriacezadeh A. Pharmacists remuneration
models in Iran and selected countries: a comparative
study. [ran. J. Pharm. Res. (2013) 12: 955-964.
eHealth Initiative. Electronic Prescribing: Toward
(78) maximum value and rapid adoption. Recommendations
for optimal design and implementation to improve care,
increase efficiency and reduce costs in ambulatory
care [serial online] . Washington, D.C (2004) [cited
2012 Oct 10]. Available from: URL: http://c.ymcdn.
com/sites/www.azhec.org/resource/resmgr/files/erx_
toward maximum_value and.pdf.
Dabaghzadeh F, Rashidian A, Torkamandi H, Alahyari
(79)S, Hanafi S, Farsaei Sh and Javadi M. Medication
Errors in an Emergency Department in a Large
Teaching Hospital in Tehran. fran. J. Pharm. Res.
(2013) 12: 937-942.

This article is available online at http://www.ijpr.ir




