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Abstract. During the last decade, more healthcare organizations have been turn-
ing to Lean and data driven principles to improve the efficiency and generate a 
positive impact on throughout, patient satisfaction and quality care. Given the 
high competition in private healthcare market, the need for achieving higher qual-
ity medical care to attract new patients and retain existing patients is getting even 
more critical for private healthcare organizations such as infertility treatment 
clinics. This paper builds, tests, and reports the results from the application of 
value stream mapping during the pre-treatment stage in an infertility treatment 
clinic. In the case study presented here, we demonstrate how analyzing healthcare 
processes early in the patient journey and mapping the pre-treatment stage ena-
bles the organization to identify the bottlenecks, eliminate waste and deliver more 
efficient customized patient-focused care. After running a multitude of simula-
tions, this study results in recommending two scenarios as the optimal future 
states that increase the capacity of the clinic, lower waiting times for patients, 
improve their experience, and lower the stress on the staff. 

Keywords: Healthcare, Lean, Patient satisfaction, Value Stream Mapping, Cus-
tomized health care 

1 Introduction  

In the last decade, medically assisted reproduction has significantly been improving in 
terms of outcome indicators. However, process indicators, such as staff and patients’ 
satisfaction or delivery time, turn to be a vital component in assessing the quality of 
fertility care specifically due to the physical and emotional burdens of medical inter-
ventions on women and men [1, 2]. Research shows that along with medical treatment, 
a patient-centered quality of fertility care also matters to the patients which in turn has 
highlighted the adoption of lean principles to affect quality, cost, delivery time, and 
satisfaction of both service providers and customers [1–3].  

Lean methodology can be used as an integrated template to improve efficiency 
through removal of activities that do not create value for the customer [4]. For health 
care stakeholders, however, the effective application of lean can be difficult, given the 
industry’s service-oriented nature and the complexity of its patient care processes. The 
focus of lean healthcare is not only on eliminating waste that costs money and evokes 
patient dissatisfaction but also on any improvement opportunities that leads to iterative 
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improvement and sustained benefit. Besides, it must be embraced as a fundamental shift 
in thinking that will allow a health organization to more efficiently and effectively pro-
vide patient-centered care [4, 5]. 

The aim of this study is to evaluate the implementation of lean practices in an infer-
tility treatment clinic (hereafter the Clinic) in Iran. First, the paper reports the applica-
tion of value stream mapping (VSM) in the pre-treatment stage of the fertility care at 
the Clinic to map and analyze the current state. Second, we will develop the desired 
future states focusing on performance improvement actions.  

2 Case study: Infertility Treatment Clinic   

The Clinic mapped in this study was established in 1991 as nongovernmental, non-
profit center for the treatment of infertility and In-Vitro Fertilization. The Clinic sup-
ports innovation, excellence and the highest ethical standards to increase the success 
rate of infertility treatment and acts as the leader of stem cell research in the Middle 
East. In 2019, time of data collection, more than 100,000 couples were under treatment 
at the clinic, 8 % of this number were medical travelers from 23 countries.  

The Clinic competes with fertility care providers in Iran, Turkey and Dubai who 
strive to go beyond simple efficiency gains and enhance processes that improve patient 
satisfaction and quality care. While the Clinic also seeks to maintain a commitment to 
patient-centered service, there are non-value-added processes that deprive their clients 
of timely care because their services have not been designed to make the patient care 
process streamlined. The main deficiencies are attributed to increasing number of pa-
tients, inefficient patient flow, lack of standardized processes, overwhelmed physicians 
and stressful staff, and long patient wait times. The Clinic has recognized that the deci-
sion of most couples to choose any specific solutions significantly depends on their 
experience in the pretreatment phase. Therefore, they need to enhance operations within 
this phase and redesign processes early in the patient journey.  

2.1 Data Collection: Mapping the Current State 

The Importance–Performance Matrix (IPM). We used IPM to examine areas where 
the clinic was underperforming or over-performing towards efficient and effective re-
sources allocation as well as to gain insight into which attributes require firm’s mana-
gerial attention to achieve customer satisfaction [6, 7]. The IPM was developed based 
on the results of a patient satisfaction survey that analyzed two dimensions of service 
attributes: performance level (satisfaction) and importance to customers. At the end of 
the pre-treatment phase, eighty couples were asked to fill in the questionnaire measured 
by the five-point Likert Scale and ranged from “strongly agree” to “strongly disagree”. 
The functional and emotional aspects of patient experience attributes were selected 
from the relevant literature on patient satisfaction in the healthcare [3, 8–10]. 

Analyses of these attributes were then integrated into the matrix to identify primary 
drivers of customer satisfaction and, based on these findings, set improvement priori-
ties, and identify areas of ‘possible overkill’ and areas of ‘acceptable’ disadvantage (see 
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Fig. 1). Hence, the Clinic could make rational decisions about how to best deploy scarce 
resources to attain the highest degree of customer satisfaction. 

 

Fig. 1. The performance-importance matrix of pretreatment phase at the Clinic 

The matrix shows that attitudes such as quality medical care fall within the appropriate 
zone. Some emotional support and staff attitude seem to be in need of improvement. 
However, three competitive factors, communications and responsiveness, hosting 
amenities and delivery speed, are clearly in need of immediate improvement. These 
three factors should be assigned the most urgent priority for improvement.  

The Value Stream Mapping Tool. At the Clinic, the couple should navigate through 
various stages in their visit. The steps that constitute the couples visit are interrelated, 
yet they are often performed discretely and without consideration of their impact on 
care delivery as a whole. In order to think analytically about patients’ visit and from a 
systems perspective, VSM as a Lean tool was used to understand the flow of patients, 
supplies or information through the journey of a patient, and map all processes required 
to deliver a health care service during the pretreatment phase [11, 12]. 

The daily staff at the Clinic in the pretreatment phase includes eleven people. One 
clerk schedules appointments at the call center. One nurse registers patient at the recep-
tion. Two specialists and two experienced nurses serve patients in the clinical exami-
nation stage (CE Stage) in a day and diagnosis and solution stage (DS Stage). There are 
around 10 specialists, each two serves couples one day per week. Three scanning and 
laboratory specialists and two nurses work in the Scanning Stage (Sc Stage). All of the 
staff had their own ideas of ‘what’s wrong with this place’, but in general expressed a 
sincere desire to serve its customer base better.  

The mapping project concentrated on the woman flow through the pre-treatment 
phase. Talking with two doctors indicated that they felt that the staff in the scheduling 
and reception department is inadequate and incompetent. Early in the day the workload 
was often slow. Then late in the day, they often felt as if they were constantly backed-
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up and they worked long hours. Having a slightly different take on the situation, the 
operator focused on as the high number of no-shows and the consequent scheduling 
plan designed by the specialists, and complexity of non-Iranian patient cases. 

When a couple called in, the staff would process their request asking a few questions 
and they would then input the appointment into the computer system. The appointment 
cannot be earlier than one week. The same appointment time is given to four patients, 
35 patients a day from 8 a.m. to 5 p.m. Due to high rate of no-shows (13%), the man-
agement who are all specialists asked the scheduling staff to create appointment for five 
patients at the same time and date to avoid inefficient use of clinic resources. Form 
around 28 couples who make the visit, 70% choose the Clinic’s solution.  

 At the scheduled appointment time, the couple would arrive at the office and wait 
in line to check in with the receptionist. While the man is in the Andrology Department 
for Spermiogram, the woman would wait until the nurse called her to the examination 
room. Although this would typically occur in order of scheduled appointment time, a 
long queue was formed to the end of the day. After the CE stage which typically took 
between 12 to 20 minutes, the scanning department would take the patient in a first-in, 
first-out (FIFO) method. The Sc Stage takes in average 30 minutes with some waiting 
time. The couple would get into the DS Stage, which can take 45 minutes to two hours. 
The waiting time in the CE Stage and consequently in the DS stage increased late in the 
day but the staff in the Sc Stage are underworked. We simulated the patient flow in the 
Excel and then mapped the state (see Fig.2). 

 

Fig. 2. The Clinic’s current state map 

2.2 Summary of Observations on the Current State 

After mapping the current state, we could highlight main process flow problems:  
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1. The patients are pushed through the system by scheduling department far up-
stream in the process several days in advance. Office process occurs with no immediate 
feedback to scheduling or reception. The patients just keep being pushed into the pro-
cess according to a schedule set, days in advance. Taking a push strategy where esti-
mated demand defines the inputs of the process decreases desired flexibility for adapt-
ing to consistently fluctuating demands. 

2. We calculated the process cycle efficiency [13] by dividing the value adding time 
for the patient after being present in the clinic (94´) by the total time spent in the clinic 
(94´+210´). In the current state, it is 0.31 which means only 31% of the process above 
is considered value-adding to the customer. The result of low efficiency is hidden costs 
in overhead, rework, invested capital, overwhelmed staff and unhappy customers.  

3. With the exit rate of 140 patients discharged per week, the average working hours 
per staff would be 50 hr week (3000 min). Therefore, the required staff is more than 14 
people after dividing exit rate × lead time by average working hours per staff.  

4. The main time trap is the wait times for CE and DS Stages that insert the largest 
amount of time delay into a process. The current state is naturally going to have dead 
time and backlogs. When the backlogs hit in the mornings, sometimes a slow afternoon 
would allow them to catch up before evening. But if a backlog hit in the afternoon, the 
possible slow time from that morning could not be retrieved.  

3 Discussions: Suggested Future States  

3.1 Proposal I 

Proposal I includes changes in scheduling, adding an appointment confirmation stage 
to the workflow of clinic, substituting the two specialists with a General Physician and 
a midwife in CE stage and allocating the specialist to DS Stage per se (see Fig. 3).   
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Fig. 3. Future state map I for the Clinic 

  
Based on the interviews, the service offered in the CE Stage can be provided by a 

General Physician with the assistance of an experienced midwife (less expensive than 
a specialist). Because of a significant reduction in the wait time in the CE Stage, the 
cycle efficiency increases to 36%. One of the key aspects of the proposed system is the 
proper use of a scheduling plan to keep a steady flow of patients. With a 15-minute 
average time for the CE Stage, two appointments could be scheduled every 30 minutes 
evenly. This new scheduling system will benefit the process because waiting time for 
half of the patients would be zero and for the other half around 15´. When the patient 
gets back from Sc stage, they should report to the reception again to enter DS Stage.  

No-shows at the Clinic resulted in decreased efficiency and clients’ dissatisfaction 
in not receiving earlier appointments. To decrease the no-show rate, the proposal in-
cludes telephone reminders by the staff. The clerk sits in the call center 6 days a week 
from 8 am to 4 pm to schedule appointment for outpatients. The average number of 
received calls is 65. With the average call duration of 3.5, the time needed to receive 
all calls is 3.7 hours. In the proposed system, the booking time will change from 8-16 
to 8-12. The same resource can call back the patients two days before the scheduled 
appointment for confirming or canceling the appointment. Given each confirmation 
takes 3 minutes, more than sixty calls can be made per day.  

3.2 Proposal II 

While in Proposal I, the waiting time for CE Stage significantly decrease (80%), the 
waiting time for DS Stage increases for 27%. We consider some of the principles of 
waiting psychology [14, 15] to develop this proposal. Accordingly, preprocess waits 
are perceived as longer than in-process waits. Hence, the waiting time for CE Stage 
needs to be shorter because after the first contact with the physician is performed, the 
patients feel they had been 'entered into' the system. Accordingly, solo waits feel longer 
than group waits. As during the time waiting for specialist consultation and diagnosis 
the man joins woman, there is more comfort than waiting alone.  However, based on 
the same principles, anxiety makes waits feel longer. The DS Stage to realize if there is 
a successful solution for them or not creates a lot of anxiety and it needs to be shorter. 

In this proposal, we added one more specialist to the diagnosis stage to work part-
time from 12 p.m. to 7 p.m. (see Fig.4). Not only does the waiting time decreases to 
25%, but the number of patients served also increases from 28 to 34. With the exit rate 
of 170 patients discharged per week, the average working hours per staff would be 45 
hours per week (2700 min). Therefore, the required staff calculated by dividing exit 
rate × lead time by average working hours per staff is more than 12 people. In Proposal 
II, the system will add capacity because the ability to use a part-time specialist will 
eliminate the bottleneck after 12 p.m. when the two other specialists go for a lunch 
break. This proposal can balance employee workloads.   
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Fig. 4. Future state map II for the Clinic 

4 Conclusion  

The adoption of lean practices, which have been traditionally applied in manufacturing 
sector, may characterize an important contribution to the area in healthcare organiza-
tions. This research enables the healthcare practitioners to properly translate and adapt 
the terminology conceived in a manufacturing environment to healthcare organizations. 

This case study is an example of applying lean principles to health services to 
achieve patient satisfaction within higher quality and lower cost aspects. The applica-
tion of VSM enables healthcare organizations to present system parameters such as 
operations’ cycle times and resources capacity and availability. Moreover, the mapping 
develops better and leaner healthcare processes and discloses how a current process 
works. The analysis also highlights the significance of moving from a push system 
where the health care organizations anticipate the needs of the customer in advance and 
prepare the solution ahead of time to a pull system where the services are given based 
on actual demand. A build-to-order system enables health sector to design customized 
care around a deeper understanding of what happens along the patient pathway [16]. 

Implementing lean management approaches with a patient-centric philosophy rein-
force the need for re-orientation of healthcare services towards more flexible and re-
sponsive processes for individualized care. Lean can help the health care organizations 
to take a major step toward customized care by focusing on the experience of the pa-
tients [16]. Existing practices focuses on the elimination of non-value-added-processes 
and disregards the elimination of waste processes by dropping of the unwanted and 
unneeded practices. Thus, further studies are needed to see how healthcare organiza-
tions can meet specific and unique needs of each patients with the help of a proper 
integration of healthcare mass personalization and lean healthcare. 
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