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ABSTRACT
Until recently, hospitals have adapted a series of quality standards to improve the quality of their services. However, these
standards do not provide any cost reduction that is worth mentioning within which qualified personnel, material and indirect costs
are already very high. To overcome this problem, lean production techniques have been integrated to the healthcare processes in
the last few years. This study aimed to reduce costs by both improving and shortening the time of Social Security Instituition
(SSI) based invoicing processes of a public hospital in Bursa, Turkey during the period of 2013-2014. To accomplish this goal
various lean tools such as value stream mapping, poka-yoke, kaizen and standardization were presented and implemented. For
validation purposes, montly SSI cuts, total income and process times before and after the lean transformation were analysed and
compared. Furthermore, patient satisfaction surveys were carried out in order to investigate the negative effects of cost oriented
lean studies. Results reveal that a clear improvement in total income is achievable, while maintaining the patient satisfaction
levels. In this case, an eight percent improvement in SSI cuts resulting in a clear improvement on total income values has been
obtained. Findings indicate that implementing lean tools on hospital processes is an effective way to reduce the healthcare costs
while maintaining the patient satisfaction levels. The results of this study will stimulate the research in adopting lean techniques
not only for patient satisfaction, but also for cost reduction purposes in hospitals.
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1. INTRODUCTION

The sustainability of healthcare services provided as a public
duty of states is dependent upon a non-increasing ratio of
healthcare expenditures to the gross national product. During
the period of 1999-2015, the public and private healthcare
expenditures in Turkey have increased four times based on
US Dollars. While in 1999, 11.7 million US Dollars had
been spent for healthcare, this amount was up to 43.3 mil-
lion US Dollars in 2014.[1] According to the World Health
Organization,[2] the ratio of healthcare expenditures to the
gross domestic product increased from 4.77% in 1999 to

5.41% in 2014. Moreover, the annual growth rate of public
expenditures on healthcare (per capita) increased by an aver-
age of 1.5% between 1999 and 2014.[3] Currently 8% of the
population in Turkey is above 65 years of age and this ratio
is expected to increase up to 10% in 2023 and 21% in 2050,
causing an additional growth in healthcare expenditures.[1] In
summary, while increases in healthcare expenditures create
a burden for the national budgets, basically the healthcare
service providers play the most significant role in helping the
governments to lessen the burden on the budgets.

Until recently, hospitals have adapted a series of standards
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such as ISO 9001:2000 quality management system or Joint
Commission International accreditation to improve the qual-
ity of their services. However, these standards do not provide
any cost reduction that is worth mentioning within which
qualified personnel and material costs are already very high.
Therefore, a new approach should be developed for hospitals
to manage their high costs without compromising the quality
of their services. At this point, the requirement of lean hospi-
tal applications comes into effect. Within the scope of these
applications, lean methods and techniques should be utilized
in hospitals together with necessary process improvements
in order to reduce the related governmental expenditures.

Lean thinking had originally been developed in Toyota Motor
Corporation in Japan, in order to reduce the lead time in pro-
duction by eliminating non-value added activities. The core
idea behind lean thinking is the “customer value” and the ba-
sic aim is to maximize the customer value while minimizing
the waste.[4, 5] Today, lean thinking tools and techniques are
being used in production and service industry and healthcare
services.

In this study, the lean transformation of a hospital has been
practiced at Atatürk Rehabilitation Application and Research
Center of Uludağ University, Bursa, Turkey. The main goal
of this transformation is to reduce the high costs of university
hospital operations that pose a burden for the government
and develop a more productive and efficient institution by
improving and shortening the time of invoicing processes.
To accomplish this goal, a lean thinking based study has
been carried out for a six-month period, which is composed
of the following steps: (1) identification of value and non-
value added activities to reduce wastes, (2) standardization of
tasks, (3) finding proactive solutions for the problems and (4)
mistake-proofing (poka-yoke). In these implementation steps,
the lean management techniques such as process flow dia-
grams, value stream mapping, fishbone diagrams (Ishikawa
diagrams) to identify potential factors causing quality defects
and check lists for mistake-proofing and kaizen studies have
been used.

The remainder of this paper is structured as follows: Section
2 reviews the literature of lean applications in healthcare;
Section 3 introduces the methodology; results of the study
are presented in Section 4 and finally Section 5 concludes
the paper.

2. LITERATURE REVIEW

Lean approaches had been originally developed for the au-
tomotive and manufacturing industry. However, in order to
increase their efficiency and productivity, the service indus-
try, especially the hospitals have been wise to adapt to lean

transformation by applying similar lean techniques to their
processes.[6] Lean is an approach which improves healthcare
service quality by eliminating faults and decreasing patient
waiting times through effective use of available resources.[7]

In this section, a literature review of five lean transformation
tools that are used in this study are given and the correspond-
ing lean healthcare applications are summarized.

2.1 Value stream mapping
Value stream refers to the aggregation of all value added
and non-value added activities that are required to produce
a product through production lines. Value stream mapping
is a technique which facilitates to comprehend the material
and information flow along the value stream through which
the product passes.[8, 9] Value stream mapping also provides
the visualization of information between each process step
and the delay time between two steps by simply identifying
the duration of non-value added activities.[6, 8] Teichgräber
and de Bucourt[10] have applied value stream mapping in an
interventional radiology department in order to reduce the
non-value added activities in an endovascular stent procure-
ment process. Snyder, Paulson[11] used the same technique in
order to eliminate the document search requirement for the
follow-up visits of patients in a clinic. Furthermore, Dickson,
Singh[12] used standard task methodology along with value
stream mapping in order to analyze the existing situation in
emergency services to remove the non-value added steps and
to improve other steps. Cima, Brown[13] used value stream
mapping along with six sigma methods to increase the effi-
ciency of operation rooms at a medical center that provides
third level patient treatment services. Dickson, Anguelov[14]

have identified value added and non-value added steps for
emergency services of hospitals and made improvements by
doing kaizens along with value stream mapping. In another
study, value stream mapping was implemented with simu-
lation to reduce the patient’s length of stay in the physical
therapy and rehabilitation department of a public hospital
in Turkey.[15] Weigel, Suen[16] developed a quality improve-
ment curriculum for internal medicine residents at Boston
Medical Center, which includes lean techniques such as; iden-
tifying non-value added tasks and mudas in process maps and
creating fishbone diagrams. Moreover, majority of the lean
healthcare studies have focused on applying value stream
mapping as the most important tool of lean thinking.[17–22]

2.2 Standardization of tasks
Based on Graban,[7] standardization of tasks is the only way
to accomplish a task safely with proper results at high quality.
A standardized task is more than a completion of assign-
ments with given program details. Definition of standardized
tasks also provides re-evaluation of the tasks assigned to
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the employees.[9] Waldhausen, Avansino[23] used task stan-
dardization and 5S method to reduce variability and increase
efficiency and patient satisfaction in surgery clinics at Seattle
Children’s Hospital. On the other hand, LaGanga[24] utilized
standardized tasks method at 18 outpatient treatment clin-
ics to increase the outpatient treatment capacity of the same
hospital.

2.3 Mistake-proofing (poka-yoke)
Check lists are frequently used at hospitals as a part of
process improvement studies to reduce the number of mis-
takes.[7] Raab, Andrew-JaJa[25] utilized checklists in or-
der to increase the test quality by decreasing test errors in
Magee Women’s Hospital clinical laboratories. Spear[26] also
worked on designing checklists to reduce discharge durations
of inpatients and increase the efficiency of healthcare staff.

2.4 Kaizen
Ohno[4] defined Kaizen as a non-bureaucratic daily proce-
dure in which simple improvements are applied continu-
ously. The procedure requires employees to involve in a
rapid improvement cycle thus encouraging them to take re-
sponsibility for improving the processes they are part of. The
employees should be supported for proposing new ideas di-
rectly to their colleagues or supervisors.[7] Although most
of the lean healthcare studies include kaziens, the studies of
Spear[26] and Yousri, Khan[27] are distinguishable among oth-
ers. Spear[26] applied kaizen in Life Care Hospital, Monon-
gahela Valley Hospital, UPM Health Centre and Allegheny
General Hospital with the intention of remedy non-complete
tests of the patients before surgery, improving on-time de-
livery of the medicine to the patients and increasing aware-
ness in hygiene. Besides, Yousri, Khan[27] conducted kaizen
studies in Goodhope Hospital to improve the quality of the
service that is given to patients with femur fracture. Vegt-
ing, van Beneden[28] introduced several kaizens to reduce the
costs of unnecessary diagnostic tests.

For a detailed literature review of lean applications in health-
care, readers can refer to studies of Brandao de Souza,[29]

Burgess and Radnor,[30] Holden,[31] Mazzocato, Savage,[32]

Nicolay, Purkayastha,[33] Toussaint and Berry[34] and Costa
and Godinho Filho.[35]

In summary, while the majority of lean healthcare studies is
focused on improving the quality of healthcare services, only
Vegting, van Beneden[28] has implemented lean approaches
with a main objective to reduce the costs of healthcare ser-
vices provided. With the help of aforementioned literature
review, the main contributions of the proposed study can
be stated as follows: (1) main focus is cost reduction while
retaining the patient satisfaction level, (2) various lean tools

are implemented to different processes of an hospital.

3. METHOD
3.1 The hospital
This study has been conducted in Atatürk Rehabilitation
Application and Research Center (ARUAM) at Uludağ Uni-
versity, Bursa Turkey. At ARUAM, diagnosis and therapy
of rheumatic and musculoskeletal system diseases are being
provided in addition to outpatient rehabilitation services for
neurological, orthopedic and plastic surgery with 27.7 full-
time equivalent staff approximately. In accordance with the
diagnosis, physical therapy, medical treatment or a combi-
nation of both with hydrotherapy are applied to outpatients
and inpatients. Furthermore, radiology and biochemistry
laboratory services are provided. The medical center is a
25-bed hospital for inpatients in addition to three polyclinics
used for examination of outpatients having an average rate
of 120 outpatients/day and three treatment rooms for both
outpatients and inpatients. Furthermore, there are three treat-
ment rooms for outpatients and inpatients, a therapeutic pool
and several baths used for hydrotherapy with eight resting
cabinets.

ARUAM is a third level service provider in the healthcare
system of Turkey and part of a university hospital operating
under the structure of Healthcare and Research Center of
Uludağ University (SUAM). University hospitals along with
the specialist training hospitals operating under the ruling
of Ministry of Health of Turkey provide the most advanced
level of healthcare services in the country. These hospitals
also play a very important role in training the medical school
students.[36]

The income of university hospitals obtained from patient
treatment services is critical for the sustainability and the
quality of overall healthcare services. It is important that,
the services provided to the patients who are fully covered
by the Social Security Institution (SSI) must be fully paid
back. The SSI is a state organization, which provides health-
care insurance for all citizens. In order to attain a full pay
back, recording and reporting of the pre-defined patient treat-
ment processes must be strictly documented to satisfy the
regulations of the SSI.

In general, the sources of income for ARUAM are as follows:

(1) University revolving fund business (URFB);
(2) State budget;
(3) Grants or donations from externals.

ARUAM finances it operational activities for student training
and patient treatment services only partially from the state
budget but mostly from the URFB income obtained directly
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from patients and/or indirectly by reimbursing from SSI. Al-
though the grants and donations are considered as another
source of income for the hospital, the share of those sources
for the costs of services is minor and discontinuous. In other
words, 85% of the total income is from URFB, whereas
14% and 1% of the incomes are state budget and grants or
donations, respectively.

From the state budget, only personnel salaries, travel ex-
penses, construction of facilities and fixed asset expenses are
paid. On the other side, medication, medical devices, medical
consumables and other consumable material costs for patient
treatment processes are paid by the university revolving fund.
Therefore, revolving fund incomes are of utmost importance
for ARUAM since the services can be sustained only with
this income within the existing budgetary system. Further-
more, in case of shortage of supplementary services within
the institution, additional personnel for medical, sanitary, and
security tasks can be hired by the URFB.

In this process, the invoice issued by the URFB for medical
services provided by ARUAM, together with the treatment
details file for each patient are submitted to the SSI. However,
invoice submission is a time-limited process on the condi-
tion that invoices can only date back up to two months. The
invoices submitted to the SSI are controlled in line with the
provisions of governmental decrees for medical applications.
After the inspection of files, the faulty ones are not approved
and marked as non-payable or partially payable. In the past,
as one of the motivations behind this study, ARUAM had
found itself being unable to reimburse the majority of its
service related costs filed for a period of six months due to
193 faulty files marked by SSI. A subsequent analysis by
the hospital management revealed that there were significant
problems and delays within the invoicing process of ARUAM
inconsistent with the SSI regulations. Hence, the basis of this
study has been setup in order to make the necessary research
for improving the invoicing process of ARUAM.

3.2 Lean transformation
As indicated above, the main goal of this process improve-
ment study is to shorten the invoicing period and reduce
invoicing errors by utilizing the tools cited frequently un-
der lean transformation projects. As the first step of this
transformation, the definition of value added and non-value
added activities have been identified based on process flow
diagrams and value stream maps. Followed by the elim-
ination of most of the non-value added activities through
kaizen’s, the new states of activities have been identified. As
the second step, job descriptions have been revised and stan-
dardized after the removal of non-value added activities and

tasks from job descriptions. The cause and effect diagram
has been utilized to identify the basic reasons for invoicing
errors and delays in process steps. Finally, poke-yoke activi-
ties such as file item checklists have been generated for the
use of staff to ease their decision making within the process
steps.

3.2.1 Process flow diagrams and value stream mapping
In this study, as an initial task, a functional process flow
diagram for the invoicing process at ARUAM has been gen-
erated. In this diagram, inclusive “tracks” or “swimlanes”
were used showing every personnel and relevant department
responsible for each step.

Before the lean transformation (current state)

Figure 1 indicates the process flow diagram before conduct-
ing this work or in other words, the current state map. On
the left side of each horizontal lane, the person or commis-
sion responsible for implementation of those tasks within
the lane is introduced. In this diagram, Avicenna IT repre-
sents the software and its users at IT Department, operating
in coordination with Hospital Administration and URFB,
which are both responsible from the healthcare information
management system at ARUAM and SUAM. Medula is the
integrated nationwide information management system of
the SSI, which provides access to all its stakeholders. All
local transaction data collected through Avicenna system are
invoiced and submitted to the Medula system by the Medula
Invoice Commission based in URFB Accounting Office. In
Figure 1, the process flow has been generated based on the
execution order of the responsible staff.[36]

The value stream map of the existing invoicing process has
been generated and depicted in Figure 2, where time is given
in decimal days.

A study of the initial phase in Figure 2 reveals that, patient
files are delayed for:

• 3.5 days until completion of temporary files at
ARUAM IT;

• 15 days for completion of documentation control at
invoice commission of SUAM;

• 2 days for completion of documentation at ARUAM
IT and;

• 1 to 3 days during transportation between geographi-
cally dispersed ARUAM and SUAM;

• Patient files are held for 22.5 days until filtering deci-
sion at SUAM invoice commission;

• days for completion of documentation at ARUAM IT;
• 7 days until completion of filtering at ARUAM IT and;
• 2-4 days during transportation.

Published by Sciedu Press 13



jha.sciedupress.com Journal of Hospital Administration 2017, Vol. 6, No. 4

Figure 1. Process flow diagram of the invoicing process before the lean transformation

As can be seen from the last phase of Figure 2:
• Patient files are held for 2 days until filtering verifica-

tion at SUAM invoice commission;
• 2 days for correction of documentation at ARUAM IT;
• 1 day for Medula eligibility check at Avicenna IT;
• 6 days until completion of Medula billing procedure

and;
• 1-2 days during transportation.

Analyzing the value stream map in Figure 2, it can be eas-
ily concluded that finalizing the invoicing process takes a
total of more than two months for activities, waiting and
transportation. However, the invoices can only be submitted
to SSI within two months time after the consumed services.
Therefore, the correction of faulty invoices that cannot be
completed on time results in a loss of income due to the
URFB being not able to collect a large part of the invoices
from SSI.

Prior to the lean transformation, there were 16 different se-
quences of activities based on four different decision points
(DP). Total lead times have been calculated for each of 16
courses of action using the stamped time of point of entry of
information at each activity recorded in Avicenna or manu-
ally. Value added, non-value added and total durations are
listed for each of 16 scenarios with four different DP on a
decimal day based time unit in Table 1. As indicated in Table
1, the process can be completed in an average of 67.69 and a
standard deviation of 4.05 days, which shows that the lead
times are at least two months.

After the lean transformation (future state)

To eliminate such a waste, it is decided to establish a new
invoice commission under the cover of ARUAM, which is
tasked to eliminate unnecessary material handling and per-
sonnel movement and idle times in value stream maps. For
that purpose, job descriptions of the involved ARUAM per-
sonnel and the relevant process flow diagrams have been up-
dated. The invoice control task of SUAM has been assigned
to ARUAM chief nurse. Additionally, necessary on-job train-
ings have been provided to the nurses for their invoice control
duty.

Figure 3 indicates the process flow diagram after conduct-
ing the study. Tasks such as temporary invoicing, filtering,
documentation control, filtering control, documentation com-
pletion, filtering and correction as depicted in Figure 1 were
all given as the current state before the lean transformation.
In Figure 3, these steps are all consolidated pairwise to single
steps and mostly assigned to ARUAM personnel within the
future state map of this study. Therefore, it is expected to
result in less processing errors and eliminate delays due to
non-value added activities.

Figure 4 shows the value stream map of the process start-
ing from the temporary invoice generation and filtering of
the patient files at ARUAM IT, up to the MEDULA Billing
Process. In Figure 4, time is given in decimal days similar
to Figure 2. As can be seen from Figure 4, patient files are
handled for:
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Figure 2. Value stream map before the lean transformation

• 0.5 days at ARUAM IT for temporary invoice and
filtering procedures;

• 0.5 day at ARUAM invoice commission for documen-
tation control and filtering correction procedures;

• 0.5 day at ARUAM IT for documentation completion
and filtering correction procedures;

• 0.5 day at ARUAM invoice commission for control
procedures and 1 day during the transportation along
the process.

As can be seen from Figure 4, patient files are handled for:

• 1 day at Avicenna IT control for Medula eligibility
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check procedures;
• 1 day at ARUAM IT for correction procedure;
• 6 days for Medula invoice check-out payment proce-

dure and;
• 2 days during the transportation along the process.

The time spent for the transportation of invoices from
ARUAM to SUAM for invoice control procedure is a non-
value added effort. With the assignment of invoice control
task to ARUAM, the time spent for transportation of file from

ARUAM to SUAM has been eliminated. As a result of this
elimination together with task consolidation and reductions,
the duration of the process has been reduced significantly.
The overall lead time improvement for the invoicing process
which has been estimated over the value stream map shown
in Figure 4 indicated that, the total duration is 8 to 14 days
when all scenarios are considered. Consequently, the process
can be completed in 2 weeks time, far less than the previous
situation.

Table 1. Completion times for each probable scenario in the value stream map (see Figure 2) before the lean transformation
 

 

Scenario 1st DP 2nd DP 3rd DP 4th DP 
Value Added 

Duration (days) 

Non-Value Added 

Duration (days) 

Total 

Duration (days) 

1 Incompleted Incompleted Incompleted Incompleted 0.179 75.050 75.229 

2 Completed Incompleted Incompleted Incompleted 0.179 71.037 71.217 

3 Incompleted Completed Incompleted Incompleted 0.179 73.037 73.217 

4 Incompleted Incompleted Completed Incompleted 0.179 71.375 71.217 

5 Incompleted Incompleted Incompleted Completed 0.158 70.037 70.196 

6 Completed Completed Incompleted Incompleted 0.179 69.025 69.204 

7 Completed Incompleted Completed Incompleted 0.179 67.025 67.204 

8 Completed Incompleted Incompleted Completed 0.158 66.025 66.183 

9 Incompleted Completed Completed Incompleted 0.179 69.025 69.204 

10 Incompleted Completed Incompleted Completed 0.158 68.025 68.183 

11 Incompleted Incompleted Completed Completed 0.158 66.025 66.183 

12 Completed Completed Completed Incompleted 0.179 65.012 65.192 

13 Completed Completed Incompleted Completed 0.158 64.012 64.171 

14 Completed Incompleted Completed Completed 0.158 62.012 62.171 

15 Incompleted Completed Completed Completed 0.158 64.012 64.171 

16 Completed Completed Completed Completed 0.158 60.000 60.158 

 

Figure 3. Process flow diagram after the lean transformation (future state)
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Figure 4. Value stream map after the lean transformation (future state)

Table 2. Times for each probable course of action in the value stream map (see Figure 4) after lean transformation
 

 

Scenario 1
st
 DP 2

nd
 DP Value Added (days) Non-Value Added (days) Total Duration (days) 

1 Incompeleted Incompeleted 0.119 14.025 14.144 

2 Completed Incompeleted 0.106 12.012 12.119 

3 Incompeleted Completed 0.098 10.012 10.110 

4 Completed Completed 0.085 8.000 8.085 

 

Prior to lean transformation, there were four DP, which re-
sulted in 16 probable courses of action in the value stream
map. However, these probable routes have been reduced to
four in consideration of two different DP in the value stream
map after the study as depicted in Figure 4. Value added du-
rations; non-value added durations and total durations have
been given for each of four conditions on a decimal day basis
time unit in Table 2.

Table 3 summarizes the values given in Table 1 and Table 2.
In Table 3, mean and standard deviation of the value added
and non-value added durations for value stream maps shown
in Figures 2 and 4 and the corresponding p-values for the
t-tests are given. The invoicing process could be completed
in an average of 67.69 (± 4.05) days before the change took

place, whereas after implementing the change, this has been
reduced to an average of 11.11 (± 2.61) days. The significant
portion of the total duration were non-value added activities
which were 67.55 ± 4.07 days, then reduced to 11.01 ± 2.59
days after the lean transformation.

3.2.2 Standardization of tasks

Standardization of tasks has to be accomplished for the pro-
cesses for which the value stream mapping has been im-
plemented. For that purpose, non-value added activities
identified with mapping method should be removed from
the existing job descriptions. Additionally, if there are jobs
without any descriptions, new descriptions should be made
appropriately.
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Table 3. Comparison of value-added and non-value added durations for before and after the lean tranformation
 

 

 
Before the lean transformation 

(mean ± dev.) 

After the lean transformation 

(mean ± dev.) 
p-value 

Value-added duration (days)  0.17 ± 0.01 0.10 ± 0.01 < .001* 

Non-value added duration (days) 67.55 ± 4.07 11.01 ± 2.59 < .001* 

Total Duration (days) 67.69 ± 4.05 11.11 ± 2.61 < .001* 

Note. 
*
 Statistically significant at .05 significance level 

 

Standardization of tasks at hospitals provides an opportunity
of business process re-engineering of these tasks and the
respective personnel. In this scope, all of the job descriptions
for all of the personnel have been re-engineered for the in-
voicing process at ARUAM. The missing job descriptions
have been made; the missing parts of the existing job descrip-
tions have been completed and necessary revisions have been
done for the personnel assigned with new duties. The tasks
and relevant descriptions in process flow diagrams have been
paired and crosschecked.

3.2.3 Proactive analysis of root causes for problems
After implementation of correction steps for non-value added
activities in the invoicing process, it is required to identify
the root causes of the faults in order not to observe the same
problems again.[20] In this context, there are two important

questions to be answered when faults are identified: (1) Why
did these faults have occurred? (2) What can be done in order
to have this fault never occur again?

In order to find the answer for the first question above or in
other words to identify the root causes, cause and effect (fish
bone) diagram method as indicated in Figure 5 have been
used. All the faulty files of the patients have been inspected
and the mistakes (inconsistencies with SSI rules) are clas-
sified in accordance with the type of files. In this respect,
there are six different file types including faults, which are
handled as separate categories in the diagram. Furthermore,
sub-causes for fault occurrence for each of the six file types
are identified and shown in the diagram. Besides, the respon-
sible personnel for the file faults are determined and shown
in parenthesis in the sub-causes part of the diagram.

Figure 5. Root causes of faulty documentation and indications visually expressed in a cause and effect (fish bone) diagram

3.2.4 Mistake proofing

In order to provide services without faults, it is significant
to identify the faults and make necessary corrections at their
point of origin. For that reason, the sections of files are iden-
tified which are most prone to faults and poke-yoke type of
file checklists have been generated that will ease the control
of such possible faults. With these checklists, the institution

is expected to conduct self-audits to decrease the occurrence
of the faults at their point of origin. In consideration of this
precautionary action, file checklists for clinicians, the clinic
secretary and the IT clerk are included within the patient file.

3.2.5 Kaizen

In the scope of a lean transformation study, the focus is
mainly on continuous improvements for not only implemen-
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tation of rapid improvements but also obtaining permanent
success. For that purpose, in addition to the methods used
so far, kaizen applications are performed at each step of the
lean transformation study.

In Table 4, the kaizens implemented at lean transformation
steps are given. The sub-processes for which improvements
are made; the problem definitions for the relevant improve-
ment efforts and the relevant improvements made for solving
these problems are explained in Table 4.

Table 4. List of improvements accomplished at each step
 

 

Process Problem Improvement 

Personnel Training  
Missing information regarding the new 

tasks of invoice control unit in ARUAM  

Chief nurse, physical therapists, IT personnel, clinic and 

polyclinic nurses have been trained for the invoice control.  

Quality team work  
Lack of coordination of the relevant 

personnel in ARUAM for patient files 

A continuous improvement mechanism has been 

established at ARUAM. The problems are solved at the 

point of origin and the occurrence of new faults is 

prevented. 

Quality team work 
No active quality study carried at 

ARUAM  

Meetings for establishment of continuous improvement 

plans are conducted. 18 meetings are organized during the 

period of six months.  

Preparation of physical 

therapy and rehabilitation 

treatment form 

Unpaid invoices due to inappropriate 

charging for physical therapies done at 

weekend 

The physical therapy and rehabilitation treatment form is 

updated and a new section for weekend treatments is added 

in accordance with SSI rules. 

Discharging from the 

hospital 

No discharge records are created for 

some patients even 2-3 months after the 

discharge 

The discharge of a patient is directly recorded in the 

Avicenna. The patient file is forwarded to SUAM IT invoice 

commission in 2-7 days after discharge. Then invoice is 

generated in 7 days at most.  

Preparation of physical 

therapy and rehabilitation 

report  

SSI Disapproval of the files due to 

missing information in physical therapy 

and rehabilitation reports. 

 

The physical therapy and rehabilitation report is updated 

and new sections such as diagnosis, the part of the body that 

the treatment is applied and the duration of the therapy are 

included in the report in line with the requirements of SSI. 

Analyses 

No collection of payments for the 

analyses done in the first day of the 

hospitalization of the patient from SSI 

It is determined that no analysis should be conducted at the 

very first day of hospitalization of the patient.  

 

4. RESULTS
In order to demonstrate the effect of the proposed lean studies
on patient satisfaction, results of the before and after study
patient satisfaction surveys are compared. The survey con-
sisted of nine different questions and designed on a 5-point
Likert scale, having positive responses with increasing score
e.g. 1 denotes very poor or very unlikely and 5 denotes excel-
lent or very likely. 117 and 91 patients participated in before
and after study surveys respectively. The first five questions
on the survey are mainly about the doctor, nurse and phys-
iotherapist experience, where as the last four questions are
for overall satisfaction. Of the participants who responded to
the before study survey, there were 73 women and 44 men,
while there were 56 women and 35 man participated in the
after study survey. Moreover, both groups had similar age
distribution. It should be noted that, the main idea behind
the evaluations of the surveys is to analyze whether the pro-
posed cost-concentrated lean studies have a negative effect

on patient satisfaction or not.

Table 5 shows the main questions and the corresponding an-
swers for the surveys. First, for a precise and pairwise com-
parison, statistical significances of the differences between
the means of before and after study surveys are analyzed
using t-tests where significance level is set to 0.05. In the
last column of Table 5, the p scores of corresponding t-tests
are given. As can be seen from Table 5, the answers to the
majority of questions remain unaffected with p values higher
then 0.05. A statistically significant difference is observed
only in answers to Question 9, which can be considered as an
indirect positive effect of lean studies i.e. the workload reduc-
tion for invoice correction and control steps. As a result, one
can surely conclude that the proposed lean transformation,
which mainly aims to reduce the costs of services, do not
have any negative effect on patient satisfaction and quality
of healthcare.[36]
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Table 5. Before and after study patient satisfaction survey results
 

 

No Question Before study After study p-value 

1 Physiotherapists listened to me and spent enough time with me. 4.09 ± 0.53 4.14 ± 0.51  .49 

2 Physiotherapists explained every step of my treatment 3.74 ± 0.46 3.81 ± 0.42  .26 

3 Nurses listened to me and spent enough time with me. 4.40 ± 0.39 4.33 ± 0.31  .16 

4 Doctor listened to me and spent enough time with me. 3.19 ± 0.37 3.11 ± 0.44  .16 

5 Doctor gave enough explanation about the current 

conditions/medications/treatment. 

3.49 ± 0.48 3.41 ± 0.37  .19 

6 Facility was neat and clean. 4.21 ± 0.25 4.17 ± 0.29  .29 

7 It was easy to find where to go in the facility. 2.67 ± 0.47 2.79 ± 0.41  .05 

8 The time spent in the facility was what I expected. 3.15 ± 0.32 3.94 ± 0.24 < .01* 

9 Overall satisfaction. 4.11 ± 0.27 4.15 ± 0.33  .34 

Note. 
*
 Statistically significant at .05 significance level 

 
Second, the ratio of SSI cuts, which shows the percentage of
faulty invoices over the total of submitted invoices, is ana-
lyzed to demonstrate the effectiveness of the lean approaches.
The monthly variation of SSI cuts due to invoice processing
mistakes in patient files for an 18-month period is summa-
rized in Figure 6. Furher, the normalized income values for
the hospital is also plotted as a second axis for the same
time range. Here, it should be noted that proposed study has
been carried out between Months 6 and 12. As noticeable in

Figure 6, a continuous reduction is observable for the months
of the ongoing study and percentage of SSI cuts is reduced
to zero at the end of the study, resulting in a total reduction
of 8% approximately. On the other hand, a clear increase is
obtained for the hospital overall income values starting from
Month 7 to Month 13. Therefore, it can be concluded that the
invoicing process of ARUAM is improved and implementing
the proposed lean study reduces corresponding costs.

Figure 6. Percentage of SSI cuts and hospital income values with respect to months

5. DISCUSSION AND CONCLUSIONS

The main goal of this study is to improve the patient treat-
ment related invoicing process of a university hospital and
thereby reduce the incurring financial losses due to faulty
and/or delayed reimbursement application files. In this study,
process improvements are handled within a lean transfor-
mation approach utilizing lean techniques. Identification

and elimination of some critical non-value added activities
within the invoicing process easily proved that the overall
process duration could be reduced from 67.69 ± 4.05 days to
11.11 ± 2.61 days after the implementation of the study. Dur-
ing the study, elimination of non-value added workloads of
the personnel required their job descriptions to be revised
also. The root causes of existing faults in the process are in-
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vestigated in detail and quality is maintained at the source via
mistake proofing in order not to confront with the same prob-
lems again. Furthermore, kaizen’s have been done at each
step of the improvement efforts for a variety of problems
by achieving permanent success. An 8% reduction in SSI
cuts and income improvement are achieved as a result of im-
plementing aforementioned lean tools. Moreover, proposed
study highlights the implementation of lean techniques in or-
der to reduce costs in healthcare processes, while maintaining
the patient satisfaction levels. The study was conducted at
a small-sized public hospital in Bursa, Turkey, which limits
the generalizability of the obtained results to other hospitals
or clinics. Another weakness of the study is that the survey
questions could not be linked to improvements obtained by
lean studies, since the standard patient satisfaction survey
was not updated and lean specific questions were not added

to the survey before the beginning of the lean transforma-
tion. Lastly, small sample size in patient satisfaction surveys
limited our ablility to examine the results in details. Future
research may include extending these tools and techniques
to entire hospital processes and more comparisons may be
carried out between different public hospitals to demonstrate
the effectiveness of lean thinking.
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