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ABSTRACT
Hospitals are always looking for ways to improve their pro-
cesses and systems to provide benefits for all the stakeholders. 
Radiology department is one of the revenue-generating areas 
in the hospital where short waiting times and positive experi-
ence represent important drivers of patient satisfaction. Quality 
of care has been given a major focus by hospital and health 
care organizations across the country. Computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) are the two 
important modalities contributing to the revenues through 
radiology. Since the scan time being low, the significance for 
more revenue by increasing the patient load will add more 
value to the services. Certain non-value activities may lead to 
improper functioning of the department. Lean and Six Sigma 
tools have been used in this study to identify such activities. 
This led to reversal of negative performance indicators, stream-
lining the processes, and regaining the patient satisfaction in  
this hospital.

Objectives: Streamline mapping of workflow to implement 
Lean and Six Sigma and to improvise the present performance 
of Radiology Department.

Materials and methods: Prospective study with direct obser-
vation of workflow. A total of 120 patients were observed for 
a period of 1 month, to identify the time taken. Failure mode 
effect analysis (FMEA) was used to identify potential steps for 
failure, and their effects.

Results: Number 490 is the maximum risk priority number 
(RPN) for report approval and preparation; 920 minutes was 
the average time taken for CT scan approval and 834 minutes 
was the time for MRI scan approval.

Conclusion: The radiologists were pointing that lesser number 
of monitors were available for report preparation.

Keywords: Customers process mapping, Inputs, Lean and Six 
Sigma in healthcare, Outputs, Process, Radiology services, 
Supplier, Total quality management.
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INTRODUCTION

Radiology services is one of the major sources of revenue 
generation in a tertiary care level. In the Indian scenario, 
as many outpatient diagnostic centers, stand-alone radiol-
ogy scan centers are being built, with a huge competition 
in domestic market.

This leads to patients getting attracted to any center 
for reasons like quick processing time of scans, turn-
around times, accurate reporting, better customer care 
services in the lounges, and competitive pricing. Hence, 
radiology department in tertiary care hospitals faces 
stiff competition and administrators face stiff challenges 
with workflow and patient flow, if the department does 
not operate smoothly. Delays can be common and there 
is rarely a single common cause delaying the system or 
adversely impacting the patient throughput.

Diminished capacity and diminished productivity 
will lead to a variety of problems for diagnostic modalities 
like delay in diagnosis and treatment, increased length 
of stays, patient dissatisfaction, and referring physician 
dissatisfaction. Lean and Six Sigma are two approaches 
that are in use for systematically analyzing and improv-
ing process flow and efficiency within industries.

Other approaches are Business Process Modeling, 
Business Process Reengineering, Workflow Mapping, as 
well as total quality management (TQM) and continuous 
quality improvement (CQI)-oriented techniques, such as 
management accounting systems, Kaizen, and Shewhart 
cycles. Health care organizations started adopting indus-
trial quality management methods in the late 1980s, 
including TQM and CQI approaches.1 The selection of 
any one process of approach depends upon the specific 
circumstances and needs, existing in working environ-
ment, including the type of processes, the improvement 
objectives and the skills, knowledge, and resources avail-
able in that setting. Where there is optimizing changes 
among process steps (Lean) or if there are many steps 
where statistical analysis of defects can be done (Six 
Sigma), these approaches can be used.
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Radiology services in a hospital will aptly suit with 
both the above situations; hence, we used Lean and Six 
Sigma tools to reduce the reporting time. Early applica-
tions primarily focused on setting up of programs and 
infrastructure to measure quality and enhancing organiza-
tional culture around quality-related problems.2 Few hos-
pitals used TQM methods toward implementing process 
improvements and redesigning both supportive and clini-
cal workflows.3 The phrase “lean transformation” is used 
by many businesses to characterize a company moving 
from an old way of thinking to lean thinking. It requires 
a complete transformation on how a company conducts 
business. This requires long-term perspective and perse-
verance. The term was first used by Jim Womack and his 
team at Toyota and coined by John Krafcik4 in a 1988 article, 
“Triumph of the Lean Production System.” Six Sigma’s core 
philosophy focuses mainly on reducing variability.

Output variability is reduced by implementing tightly 
controlled processes. This is done through a methodol-
ogy that uses five basic processes: Defining, Measuring, 
Analyzing, Improving, and Controlling (DMAIC). 
Problem which is identified, data collected, and statistical 
methods are used to determine sources of variation and 
opportunities to improve.

Processes are then adjusted to remedy the problem, 
data collected, and analyzed several times to check for 
improvement in error rates.5 Lean philosophy encour-
ages an accentuated continuous improvement strategy 
supporting creating a simple and direct pathway and 
eliminating loops in a system. Being of a similar process 
to Six Sigma, Lean quality improvement methodology 
identifies an inefficient process, establishes waste within 
the process by distinguishing value-added and nonvalue-
added activities, improves the process by creating stan-
dardized work, and uses standardized metrics to guide 
the work. Like Six Sigma, Lean requires cultural change 
to result in performance improvement.6 The purpose of 
our study was to utilize these methods in understand-
ing the characteristics of the current radiology processes 
that are limiting the ability of the department to ensure 
the referral base for the CT and MRI services. Untimely 
reporting of results is impacting negatively the referrals 
to hospital, resulting in reduced customer satisfaction, 
limiting the revenue opportunities.

MATERIALS AND METHODS

An exploratory research was conducted at a 2000-bed 
tertiary care hospital's radiology department.

Primary Data

During the Measure phase, overall performance of busi-
ness process is calculated. A plan for data collection is 

prepared to collect the required data, and what type of 
data, sources of data, and the specific reason to collect 
data are identified and measured. A sample of 60 cases 
undergoing CT scan and 60 cases undergoing MRI scan 
were observed during a 30-day duration.

RESULTS

The goal of the project is to improve the workflow of 
department, improve timely reporting process to physi-
cians, and improve patient and physician satisfaction.

Under the Define phase, the Project Charter was pre-
pared and a Supplier, Inputs, Process, Outputs, Customers 
(SIPOC) process mapping was done. These processes 
were modified and improved through the remaining 
phases of DMAIC (Table 1). The department works on 
all days from 8 am till 5 pm.

It is well equipped and staffed with organization 
hierarchy showing all cadres of consultants available. 
There are 12 radiologists, 20 nurses, 34 radiographers, 
6 MRI technicians, and 8 CT technicians. During the 
Measure phase, the researcher observed the time taken 
for each patient to get serviced in CT scan area and MRI 
area as identified by the Time study. The findings are 
as below.

The two factors that became prominent as perfor-
mance indicators having a direct relationship with patient 
and physician satisfaction were identified after noting the 
time taken as in Table 2. These two factors were: (1) Patient 
waiting time in the lounge is high (>30 minutes) and (2) 
reporting of results after approval of senior consultant 
(around 24 hours).

The nonvalue-added activities that lead to dissatisfac-
tion among patients were identified, where the Lean phi-
losophy can be applied. These activities were: (1) Patients 
waiting at the lounge, (2) time taken to review the film by 
junior doctor, and (3) time taken to approve the report. 
In the CT scan area, a staff nurse was deployed to take 
consent, whereas in the MRI scan area, it was the MRI 
technician work, so this has been identified as nonvalue-
added activity to staff nurses in the CT scan area.

Value-added activities are the steps where customers 
are willing to pay, as they perceive a better service or better 
product due to that step. During the Analyze phase, FMEA 
was used. This process includes rating possible defects, 
or failures in three ways: The likelihood that something 
will go wrong, the ability to detect a defect, and the level 
of severity of the defect. This is done to identify and 
understand potential failure modes and their causes, the 
effect of failures on the systems or end users, to assess the 
risks associated with identified failure modes, effects and 
causes, and to prioritize issues for corrective actions. It 
includes analysis of the following: (1) Steps in the process, 
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Table 1: Project charter for radiology: Lean and Six Sigma project

Project title
Improving the workflow of radiology department using Lean and Six Sigma 
principles

Problem 
statement

To improve the workflow of the department, 
thereby increasing patient satisfaction

Business case Describe how the problem for the project 
affects

Kano status: Wow/expected/
must have/unspoken

Attribute type: Lesser the better/
nominal/greater the better

Customers Customer is affected by prolonged waiting time Expected Lesser the better
Staff Staff will be keen to adhere to the set timelines 

for each step
Expected Nominal

Business Reduce the average length of stay and the 
current waiting list will come down

Expected Lesser the better

Stakeholders 
affected
Department 1 Doctors Increase in number of patients 

will increase the revenue
Department 2 Staff nurses Resistance due to increased 

workload
Department 3 Housekeeping staff Resistance due to increased 

workload
Department 4 Billing personnel Resistance due to increased 

workload
Department 5 Management Increase in patient satisfaction 

and revenue of the hospital

Table 2: Time taken by patients in CT scan and MRI areas

Average
Minimum time 
(in minutes)

Maximum time 
(in minutes)

Name of the step in CT scan procedures
Patient reaching reception with request and appointment is allotted and entered in HIS 2.01 1.19 2.36
Receptionist explains the cost, bill preparation, and bill payment 2.71 1.88 3.54
Radiology nurse takes the consent from patient 0.14 0.06 0.21
Time taken for patient to change into gown/remove ornaments 3.28 1.81 4.76
Patient waits at the lounge for his turn 93.87 67.47 120.26
Time taken to review the film by junior resident 13.09 11.69 14.49
Time taken to verify and approve the report 920 701 1138
Reports dispatched to radiology reception/PACS 0.05 0.05 0.05
Total time taken 1041.39 788.11 1294.66
Name of the step in MRI procedures
Patient reaching the MRI room with request and MRI technician giving an appointment 
and entered in HIS

2.1 1.98 2.23

Receptionist registers with bill preparation and bill payment 2.21 1.86 2.56
Radiology nurse takes the consent from patient 0.56 0.41 1.52
Time taken for patient to change into gown/remove ornaments 3.18 2.81 5.01
Patient waits at the lounge for his turn 23.82 11.9 35.7
Time taken to perform an MRI procedure 25.55 21.99 29.1
Time taken by a patient to leave the MRI room 2.28 1.92 2.64
Time taken to review the film by junior resident 19.49 9.84 29.14
Time taken to verify and approve the report 834.55 690 978.17
Total time taken 913.74 742.71 1086.07

(2) failure modes (what can go wrong?), (3) failure causes 
(why can the failure happen?), and (4) failure effects (what 
could be the consequences of the failure?).

For each failure mode, a numeric value is assigned 
as RPN for the likelihood of occurrence of detection and 
severity. Failure modes with high RPNs are the most 
important parts of the process on which to focus improve-
ment efforts. Modes with low RPNs are not likely to 

affect the overall process. The findings for the Radiology 
Department are shown in Table 3.

From the calculation of RPN, it can be seen that fol-
lowing potential failure modes lead to potential failure 
effects from highest to lowest:
• Report turnover time.
• Machine breakdown leading to cancelation of 

appointments.
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• Machine breakdown leading to delayed procedure 
time.

• Machine breakdown leading to increased average 
length of stay.

• Incorrect procedure performed and low-quality 
images.

• Inaccurate patient information being captured.
• Wrong billing using wrong billing codes, leading to 

inaccurate bill payment.
During the Improve phase, the potential failure modes 

thus identified have got reduced or eliminated due to the 
actions recommended. This resulted in the reduction of 
scan reporting time by 42%.

DISCUSSION

Each section of the department developed interventions 
to improve its report turnaround time, as per one study 
by Seltzer et al.7 In this study, they determined whether 
TQM techniques were successful in expediting the report 
turnaround time in Radiology of a teaching hospital. 
Cancelation of appointment due to machine breakdown 
and air-conditioning problem has been rectified by daily 
checking working status of machines by in-house team 
and periodic maintenance by the outsourced company 
specialists. And scheduled idle time for machines between 
the procedures was advised. High turnaround time for the 
report being approved and signed has been rectified by 
rearranging the shifts for senior radiologists. At present, 
the reports were viewed only till 5 pm in the evening, 
which got extended till 7 pm, so that each day, procedures 
are reported on the same day. More number of computer 
monitors were recommended to this department with 
bigger size and better resolutions. To optimize the process 
of reporting and uploading radiological examinations, Six 
Sigma was adopted as a methodical approach, and rigor-
ous statistical analysis to analyze and improve processes 
was done by Cavagna et al.8 They succeeded in bringing 
the turnaround times 62% lesser in a 6-month duration.

CONCLUSION

As executing Six Sigma programs involve changing 
human behavior, it is critical to include a carefully built 
communication plan that identifies and takes care of 
human issues. Any transformation of any magnitude 
across health care organization requires discussions with 
physicians, nurses, managers, and other key stakeholders. 
Having the right people in the right roles is critical to the 
success of a Six Sigma initiative. Radiology services along 
with operation theater services is one of the major areas 
where Six Sigma projects can bring in maximum benefits 
to the management of hospitals.
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