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What was already known on this topic:
» Lean management helps organizations optimize their processes.

»  The main idea behind lean management is to eliminate any activities that do not add value
for customers.
» Lean management is a management approach focused on improving efficiency.

What this study added to our knowledge:
»  Waste caused by corrections can be one of the most significant types of waste in

sonography services .
»  Small changes based on lean management can significantly reduce patient waiting times.
»  Keeping patients informed about the treatment process is very effective in reducing waste.
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'Introduction

Lean management is a systematic approach
to optimizing efficiency by minimizing
waste and maximizing value for customers
through better resource utilization[1]. Lean
management evaluates processes to identify
waste and inefficiencies, providing
solutions to improve them and reduce
costs[2]. In the establishment of lean
production, various techniques can be used,
such as re-engineering, participative
management systems, process
documentation, and arrangement system of
workplace (5S). One of these techniques is
value stream mapping (VSM) [3,4]. Value
stream mapping is a graphical model that
has standard symbols and shows the flow of
materials, manpower and equipment, this
technique was developed under the name of
lean healthcare, with the aim of improving
the way hospitals are organized and
managed in health systems[5,6]. The
current value stream map describes the
basic activities of the healthcare process as
they are performed, then this map is used to
systematically identify value-added and
non-value-added activities[7]. By
analyzing the current state of the system,
inefficiencies and wastes such as long
waiting times, inconsistencies in patient
flow, and unoptimized schedules can be
identified. Therefore, the goal of VSM is to
reduce unnecessary and non-value-added
process steps and time[8]. Lean methods
have brought good results in some
hospitals, such as a 60% reduction in the
turnaround time for clinical test results
without the use of new equipment, reducing
the hospitalization time by 29%, and
preventing spending 1.25 million dollars in
the construction of an emergency unit[9].
Since the imaging units and especially the
sonography unit, are considered one of the
most important and busiest diagnostic
imaging units in hospitals, therefore the
purpose of this research was to determine
the opportunities to improve sonography

processes using value flow mapping.

'Methods

The present study was a mixed study
(quantitative-qualitative) ~ which  was
counducted based on the lean approach in
2022. In the quantitative phase, the research
population included patients who received
one of the five types of sonography services
(kidney and bladder, uterus and adnexa,
abdomen and pelvis, breast, and color
Doppler sonography). In this phase, time
duration of sonography process was
measured for 100 convenently selected
patients (25 patients for each type of
sonography) by using a data collection form
to determine the waiting time.In the
qualitative stage, focus group discussion
sessions were held to determine the current
map, and identify the wastes and provide
solutions for the wastes.

The current research process was as
follows:

1- Drawing the sonography process: At
first, the sonography process was drawn,
which included five main sub-processes
and 19 activities.

2- Drawing the current value stream map
and timing: after confirming the drawn
process and activities, the time of the
activities and sub-processes was mesaured
and the current value stream map was
drawn.

3- Organizing a group discussion session
(determining wastes and appropriate
solutions): After drawing the current value
stream map, during three group discussion
sessions, the wastes were determined and
categorized based on the seven waste
patterns (storage, correction, waiting,
additional movement, additional
processing, excess production, transfer).
After that, applicable solutions were
determined.

4- Drawing the future flow map: Finally,
the future value stream map was drawn with
Edrawmax7 software.
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‘Results

Based on the description of the steps of the
value stream map, the process of routine
and emergency outpatient sonography
(morning, evening and night) includes five
sub-processes (queuing and registration,

sonography process was estimated to be
73.3 minutes. During this process, in
average, 42.6 minutes (57.3 percent) of the
patients' time is spent waiting and 30.6
minutes (42.7 percent) is used for the main
cycle of the service delivery process. With

admission, performing sonography, this trend, the percentage of value-added to
interpretation and result reporting)_ In non-valge-added activities in the whole
general, the average total time for the process is 56.35 (Table 1).
Table 1: Value stream map data by sonography type*
Type of time (minutes) LT WT | CT CTILT (%) | VA NVA VAR (%)
sonography
Color doppler Minimum / best 17 4 13 76.47 2 1 66.6
conditions
Maximum/worst 163 84 79 48.46 40 20 66.6
conditions
Average 63.55 31.65 | 31.9 50.19 10.3 7.1 59.1
Breast Minimum 29 10 19 65.51 1 5 100
Maximum 214 147 67 31.30 30 15 66.6
Average 88.06 48.59 | 39.5 44.85 11.94 | 7.31 62.02
Abdomen and | Minimum 13 5 8 61.53 5 1 83.3
pelvis Maximum 145 80 65 44.82 25 5 12
Average 53.15 28.3 2485 | 46.75 7.12 6.2 53.45
Uterus and | Minimum 15 5 10 66.66 1 1 100
appendages Maximum 239 192 a7 19.66 20 15 57.14
Average 67.85 40.65 | 27.2 40.08 8.8 5.45 61.75
Kidney and | Minimum 17 7 10 58.82 1 1 100
bladder Maximum 281 238 43 15.30 20 10 1adkad
Average 93.96 64.08 | 29.87 | 31.79 7.68 9.21 go/ty
Total Minimum 15 4 8 76.47 1 1 100
Maximum 281 238 67 15.30 40 20 66.6
Average 73.3 42.6 30.6 42.73 9.1 7.05 5.35

* lead time (LT), cycle time (CT), waiting time (WT), percentage of cycle time to total time (LT/CT), time of non-value-added
activities (NVA), time of value-added activities (VA), percentage of time Value-Adding to Non-Value-Adding Activities

(VAR)

The results of the group discussion sessions
showed that the most frequent wastes in the
sonography process were related to
correction wastes (six cases), additional
processing wastes (five cases), and
additional movement wastes (four cases).

In addition, in order to improve the
sonography process and eliminate the
identified wastes, 19 solutions were
selected as executable solutions, and a
future roadmap was drawn (Table 2).

Table 2: Wastes and solutions related to the ultrasound process

Wastes Wastes in the sonography process Solutions

Completing the capacity to accept all types of | Organizing emergency sheets without indication
Storage sonography and patient’s requirement to stay on the | The possibility of sending a prescription to take an
waiting list appointment and receive an answer through available
Different types of sonography and different times | messengers (WhatsApp, etc.)
to provide the services Accurate timing and turn-taking within capacity
Distortion of the sonography order Teaching doctors how to record orders correctly
Correction Incomplete recording of the sonography order, | Order sheet control by reception

including not including signature, date, and other | Training doctors for correct prescription according to
order defects insurance laws
Mistake in compiling the type and organ of | Strengthening information technology infrastructure
sonography by the referring doctor Strengthening the electronic system and backup
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Table 2: Continue

Wastes

Wastes in the sonography process

Solutions

Correction

Incorrect declaration of the type of sonography by the
patient

Loss of patient medical records

Failure to retrieve medical records in patients with
previous visits due to electronic system failure

Waiting

Delaying patients for a visit by a doctor

The length of time it takes to evacuate the ultrasound room
by the previous patient (putting on clothes, removing the
gel, etc.)

The doctor is late

Waiting for common equipment (gloves, ultrasound gel,
ultrasound film, etc.)

Online phone line assignment
Counseling to guide patients

Scheduling and making appointments for
patients on time

Additional
movement

The lack of neatness in the arrangement of the equipment
and frequent movement of the secretary in the sonography
room

Move for common equipment like glove, phone, etc.

Loss of patient records

Not having documents from the patient

Using the 5S system
Arrange devices
Grooming and use of layout techniques

Additional
processing

Insistence of clients (patient and companion) to do
ultrasound without prior appointment

Expect an appointment according to the desired day of the
patient

Multiple phone calls from different clinics at the same time

Frequent visits of patients without previous appointments
and their frequent questions about the readiness of the
procedure, the time of the procedure and the time of
receiving the report

Different preparation for all types of sonography and
additional traffic of patients

Compilation of patient guide before and after
sonography
Preparation of educational pamphlets

Excess
production

Collecting patients in the early working hours and messing
up the daily schedule

Unnecessary sonography request without indication

Unexpected and unscheduled visit of emergency patients

Performing sonography outside of the program and based
on relationships

Determining appointments to perform various
types of frequent sonography

Determination and order in the implementation
of appointments

Transfer

Transferring patient examination essentials between
sonography rooms

A long distance from the emergency room and
specialized clinics from sonography department

Using the 5S arrangement system

Other results showed that the current 19
activities decreased to 13 activities by
implementing proposed solutions to value
stream and by mapping the future value
stream. In fact, the number of activities
decreased by 40 percent, and the waiting
time and the duration of the sub-processes
of queuing and registration was
significantly reduced. In addition, the
percentage of non-value-added activities
decreased by 53% from 13 activities to
seven activities.

'Discussion
The current study aimed to improve the

sonography service process in a military
hospital using value stream mapping. By

examining the sonography delivery
process, the steps of the value stream map
were drawn. We found that the sonography
process included five sub-processes
(queuing and registration, admission,
performing sonography, interpretation and
result reporting), and the sub-process of
performing sonography took the highest
time with a maximum of 40 minutes. Three
important wastes in this process were
correction, additional processing and
additional movement. Based on research
findings, almost half of the current
activities were non-value adding and could
be eliminated as waste. Anisi [10] also
states that between 79% and 85.2% of a
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patient's time in the process of visiting the
gynecology clinic is spent waiting, and the
main activities take less than 20% of the
total time. Another study in the Netherlands
revealed that in the esophageal cancer
treatment process, about 13% of all
activities were value-added ones, and the
majority of the process was wastes[11].
Therefore, determining  wastes and
eliminating non-value-added activities is
one of the basic principles of lean
production systems[12]. The most frequent
wastes in the sonography process were
related to the waste in correction, which
needed solutions such as training
medication documentation to physicians,
controling of the order form by the
admission department, and setting up a
computer recording system. Another
research  showed that the proper
implementation of the solutions resulted to
the prevention of insurance deductions,
savings in patient prescriptions, and savings
in patient time[13] . In the current study, to
reduce the time of the process, wastes and
non-value activities were eliminated and
the future value stream map was mapped.
Similar studies used this method. In a study
aimed at mapping the medical record
processes of a charity hospital, current flow
was mapped through a value stream map,
then the wastes were identified and
eliminated in the future value stream map.
The time spent in this process was
approximately 56 days, which was reduced
to 28 days after the proposed
improvements[14].  Today, web-based
medical appointment system and improved
organizational communication can be
effective in reducing this type of waste[15].
The wuse of workplace arrangement
techniques such as 5S in hospitals is one of
the leading methods in management and
productivity, reducing unnecessary
movements and patient waiting time[16].
Chan's study[17] in 2014 showed that
process redesign could effectively reduce
triage and consultation waiting time. In
other studies, patient and visitor education

was strongly emphasized[18]. In the
present study, counseling and education
were suggested for the necessary
preparations before performing sonography
on patients. Another important finding of
this study was that the 19 activities
decreased to 13 activities by implementing
proposed solutions, so that the number of
activities decreased by 40%, and the
waiting time and the duration of the sub-
processes of queuing and registration was
reduced and finally the total time of
sonography process decreased
significantly. This is supported by Lummus
[19] in 2006, who mentioned that the lean
approach had an impact on both reducing
waiting time and total service time. In
general, the implementation of lean
technique in this healthcare organization
reduced errors, eliminated non-value-added
activities, standardized patient flow, and
simultaneously made health and treatment
facilities more competitive. Studies show
that by making small changes based on lean
management principles and techniques,
eliminating wastes and  providing
appropriate solutions in the existing
processes, we can witness fundamental
improvements in the processes[20]. In the
current study, many proposed solutions
could only be implemented by modifying
existing activities without any additional
costs, such as using new equipment and
human resources.
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