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Abstract 

Lean thinking approach plays a vital role in reducing waste and enhancing productivity in production environment and 

service setups. Lean thinking approach may be employed in cutting down the patients' waiting time in emergency 

departments and hospitals.  Also, lean thinking approach may be used in testing the usage of the existing facilities planned 

and constructed for customers' use. In the present study, lean manufacturing approach has been used to test the usage of the 

emergency department's services. Four vital sections of the hospital emergency department viz. Male Treatment Room 

(MTR), Female Treatment Room (FTR), Male Observation Room (MOR), and Female Observation Room (FOR), are 

studied in terms of bed occupancy. Using the concept of takt time, an individual department efficiency and relative 

efficiency have been calculated to find the waiting time of customers intending to use the emergency services. A case of a 

governmental, non-profit and teaching hospital in the southern region of Saudi Arabia has been used to present the 

methodology based on lean manufacturing approach systematically. In conclusion, the present study revealed that extra 

equipped beds have been used in these four rooms in the emergency department that can be allocated to the other crowding 

witnessed rooms of the same department. 
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1. Introduction 

Emergency Department (ED) plays a vital role in risk 

management of a mankind. In the present age, there is a 

growing risk of sudden epidemic and increased accident 

rate that put burden on ED. Natural or man-made disasters, 

accidents, sudden surge of infectious virus borne diseases, 

etc. are the major reasons for crowding the ED. According 

to Saudi Arabia statistics, a car accident happens every 

second and 17 people are being killed in crashes every day 

on an average [1].  

Nowadays Emergency Departments (EDs) face major 

problems and some of them are very critical, such as 

overcrowding of patients, deterioration of quality of care, 

patients leaving without being seen, ambulance diversion 

due to crowding in ED, shortages of staff, cost 

containment, patient safety, etc. [2, 3]. The emergency 

system has become increasingly crowded during the past 

decade and hence the patients’ waiting times are 

prolonged, which in turn has a detrimental effect on the 

patients’ morbidity and mortality [4, 5, 6] and staff 

performance [7]. In addition to that, increased waiting time 

to discharge medical aids to the patient brought in and 

length of stay are the major worries to a common man. 

Therefore, emergency departments crowding in a large 

number of countries all over the world is started to be 

considered as a major threat and common health concern. 

Unfortunately, this crowding problem in ED continues to 

be more badly and hence threatens the quality and 

efficiency of the delivered healthcare services. 

 Lean thinking (also known as lean 

manufacturing, Toyota Production System (TPS), or 

simply lean) is a continuous quality improvement 

technique and management philosophy which is originated 

within Toyota corporation boundaries and thereafter 

widely applied across many fields, such as healthcare 

systems, manufacturing systems, and service facilities. 

Lean thinking methodology focuses on continual process 

improvement, worker partnership, problem solving, and 

the elimination of seven types of waste that defined by 

Taiicho Ohno [8-12]. Lean thinking has already been 

widely utilized across many healthcare facilities and 

organization in order to eliminate unnecessary waste, 

improve patients flow, reduce waiting times, maximize 

value to the customer, improve quality and increase 

efficiency [13-19]. Consequently, it is a tool of quality 

improvement that can considerably enhance efficiency and 

service quality [20, 21]. 

Dart [16] stated that lean thinking principles have gone 

far in the last decade and applied in manufacturing, 

production and service organization for thousands of times 

and the application of this approach in emergency 

departments will not be an exception. As a result, lean 
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thinking can be considered as a different method for 

achieving efficiency in the ED. Therefore, lean thinking 

has been applied in healthcare systems and emergency 

departments for reducing waste and improving patient 

flow. However, the application of lean thinking to measure 

and improve the efficiency in ED did not receive enough 

attention in research and, hence, the relationship between 

lean thinking and efficiency enhancement in ED is still 

vague and requires a thorough study and investigation. 

Efficiency is a significant factor for the estimation of 

both system and resources performance in the emergency 

department. It is defined by the Institute of Medicine 

(IOM) as "avoiding waste, including waste of equipment, 

supplies, ideas, and energy" [22-24] and it is indicated to 

be as one of six main objectives for enhancing the twenty 

first century healthcare systems in United States [25]. The 

IOM report mentioned that the healthcare systems should 

be efficient, effective, safe, timely, patient – centered and 

equitable in order to be of high quality [26, 27]. Also; the 

Institute of Medicine defined the aims of efficiency for 

quality improvement as "resources are used to get the best 

value for the money spent." The IOM and the National 

Academy of Engineering (NAE) published a joint report 

indicating that healthcare systems in US losing 30 to 40 

cents of every single dollar spent due to inefficiency and 

waste [28].  

Expanding the EDs capacity is not enough to tackle the 

crowding issue or improve the quality and efficiency of the 

provided services [29] yet the EDs should enhance patient 

flow, resources and processes efficiency. Therefore, 

establishing efficient and effective strategies to increase 

the emergency departments’ efficiency should receive 

higher priority from hospitals management.  Abdelhadi 

and Shakoor [30] reported that improving efficiency 

within the healthcare system or emergency department is 

the key component for increasing quality and sustainability 

of the provided services to patients. Also, reducing wastes 

and enhancing service efficiency of the process leads to a 

significant decrease in the operating cost [31]. Thus, 

several researchers and scientists paid an attention to 

efficiency issue in healthcare systems and deeply 

investigated the factors that affect this problem and 

proposed suggestions for improving efficiencies in 

healthcare facilities and organization [32, 33].  

Obviously, the research effort on healthcare efficiency 

and particularly attempts to improve efficiency in 

emergency departments is still in the infancy stage. 

Different and inconsistent criterions for estimating 

efficiency in the emergency departments were investigated 

and tested, such as patient Length of Stay (LOS) [34-36] 

ratio-based measures [37] frontier techniques [38], etc. 

This inconsistency in standards for measuring the 

efficiency in EDs have stimulated various agencies to 

support the efforts for the development of new techniques 

to measure the EDs efficiency 

Thus, looking at the ample potential and opportunities 

of lean implementations in services, the present research 

has been carried out to use lean methodology in 

emergency department of a governmental hospital in the 

southern region of Saudi Arabia. The present study is 

aimed at using beds efficiency in various rooms of ED as a 

measure of ED efficiency because a significant number of 

free beds or unavailable beds for most of the time may 

give a clear image about the ED department effectiveness. 

Hence, using lean thinking approach, the efficiency of 

resources (equipped beds) in various rooms of ED will be 

assessed so that a useful comparison and improvement can 

be suggested if needed. Also, it has been noticed that 

inventory waste in terms of extra equipped beds in various 

rooms of the EDs can be reduced by applying lean 

thinking. Thus, the present work attempts to bridge this 

gap. 

2. Methodology 

2.1. Study Design and Setting 

This is a retrospective cohort study carried out in ED of 

a governmental, teaching and general hospital providing 

medical care to the residents of Abha region in the 

southern part of Saudi Arabia with a population of more 

than 350 000. The medical services provided in the ED 

during 24 hours per day and 7 days per week. The 

emergency department consist of the following rooms: 

Male Treatment Room (MTR), Female Treatment Room 

(FTR), Male Observation Room (MOR), Female 

Observation Room (FOR), Pediatric treatment room, 

pediatric observation room, Urgent (cold cases) room, and 

the Rapid Response medical and Rapid Response trauma 

room (RR – medical and RR - trauma). In the present 

research, 38 beds are assigned out of 67 beds for the rooms 

under study.  Out of 38 beds, 20 beds are allocated equally 

for MTR, FTR whereas 18 beds allocated equally for 

MOR, FOR. 

The admitted cases to the rooms under study were adult 

patients of ages greater than 12 years old who arrived at 

the ED between November 1, 2013 and October 31, 2014 

and the data were collected from the ED database. 

The hospital management noticed that some rooms in 

the ED are suffering from patients overcrowding and 

ambulance diversion; whereas, others have a portion of 

beds that are not been utilized for most of the time.  

2.2. Data Collection and Study Outcome 

The nurses at the ED reception desk record the required 

information for every patient arrives at the ED. The 

information includes personal details, arrival time, triage 

category, entry date and time to room, room classification 

and departure time. This information is saved in the 

hospital data collection database and the required data for 

the present study were retrieved from this database. 

The three outcomes that determined every day are the 

number of occupied beds by patients, the maximum 

number of beds occupied simultaneously in every room of 

the four different rooms and the total time a bed reserved 

by patients. The estimated period of the occupied bed by a 

patient was specified from the time a bed assigned to the 

patient till the time of departure from the ED. The total 

available times for beds in each room were calculated 

during a one year study period and all time units were in 

minutes.  
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2.3.  Results  

During the study period (November 1, 2013 till 

October 31, 2014), 17149 patients were admitted to the 

four rooms under study, as shown in Table 1. All patients 

admitted to the four rooms were included in the study and 

there were no exclusion criteria. The following data were 

extracted from the database: date and time of arrival to the 

ED, date and time of entry to the room, age, sex, the date 

and time of departure from ED. 

The specified time that the patient reserves the bed 

from the moment he or she admitted to the room until 

discharged from the emergency department is defined as 

the length of stay (LOS). In the present study, to compare 

the efficiencies of various rooms in the ED, actual data for 

the length of stay are required. Therefore, the collected 

data for MTR, FTR, MOR, and FOR are tabulated in Table 

1.  

Table 1: Summary of total number of patients admitted and the 

patients LOS time for MTR, FTR, MOR, and FOR in ED of 

emergency department 

ED 

Rooms 

Total No of 

Patients 

LOS time in 

bed in minutes 

Available Time 

in minutes 

MTR 8274 2645060 5256000* 

FTR 5816 2178826 5256000* 

MOR 1512 897556 4730400** 

FOR 1547 838482 4730400** 

*Available time (Monday to Sunday for 24 hours/ day)   

=10*24*60*365=5256000 min 
**Available time (Monday to Sunday for 24 hours/ day)   

=9*24*60*365=4730400 min 

3. Data Analysis 

Cycle time and takt time are the important process 

analysis parameters required in determining the system 

efficiency and effective service rate. Cycle time is how 

long it should take to serve a patient in ED and it includes 

value added activities and non-value added activities thus 

warrants a careful attention to achieve the desired service 

rate. In the ideal situation, cycle time equals the takt time. 

Thus, service doesn’t warrant any additional attention.  

In the present study, takt time is selected as a 

quantitative tool to measure the efficiency of the ED. 

Various rooms of ED, like MTR, FTR, MOR and FOR, are 

considered for the present study. Takt time in ED has been 

calculated by dividing operational time per period by 

required number of patients to be treated per period. 

(1) 

Where: 

Operational time = 

Total available service time – Breaks                               (2) 

Required service rate = Number of patients to be served = 
Services provided  to  total patients 

Working periods per period
                                              (3) 

Takt time can be used for all units in the value stream 

to adjust served patients to actual demand in order to serve 

more patients during crowding. 

 

Cycle Time and Takt Time Comparison 

Based on the actual data collected from the hospital for 

four rooms of ED, i.e., MTR, FTR, MOR, and FOR rooms, 

the actual available time/year was calculated for each room 

using the available facilities as shown in Table 1. Later on 

cycle time and takt time were calculated for each room in 

order to compare the efficiency of each room with others. 

Cycle time is calculated as the ratio of the total actual time 

it takes the patients to get served to the total number of 

patients in a time period whereas the takt time is calculated 

as the ratio of total available time to serve to the total 

number of patients in a time period. The cycle time and 

takt time thus obtained are further used to calculate the 

efficiency of each room. The efficiency of the different 

rooms in the emergency department will be estimated on 

the bases of a ratio based measure.  

MTR vs. FTR 

 For the MTR: 

Cycle time =   
2645060

8274
   = 319.68 min / patient 

Takt time = 
5256000

8274
  =  635.24 min / patient 

Efficiency = EMTR=
Cycle time 

Takt time
= 

319.68 min./ patient

635.24 min./ patient
 = 0.50, 

i.e., 50.00% 

 For the FTR: 

Cycle time =   
2178826

5816
   = 374.63 min. / patient 

Takt time = 
5256000

5816
  =  903.7 min. / patient 

Efficiency = EFTR=
Cycle time 

Takt time
= 

374.63 min.  / patient

903.7 min./ patient
 = 0.42, 

i.e., 42.00% 

Cycle time and takt time for MTR and FTR are carried 

out and compared in Table 2. The cycle time, takt time and 

calculated efficiency are represented for easy 

understanding in Figure 1 and Figure 2.  

Table 2: Cycle Time, takt time and efficiency of MTR and FTR of ED 

Description MTR FTR 

Cycle time =   
2645060

8274
   = 319.68 min / patient =   

2178826

5816
  = 374.63 min. / patient 

Takt Time = 
5256000

8274
  =  635.24 min / patient = 

5256000

5816
  =  903.7 min. / patient 

Efficiency 
319.68 min./ patient

635.24 min./ patient
 = 0.50 i.e. 50.00%   

374.63 min.  / patient

903.7 min./ patient
 = 0.42 i.e. 42% 
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Cycle time and takt time for MOR and FOR are 

calculated and compared as shown in Table 3. The results 

of cycle time, takt time and calculated efficiency are 

graphically represented for easy understanding in Figure 3 

and Figure 4. 

MOR vs. FOR 

 For the MOR: 

Cycle time =   
897556

1512
   = 593.62 min. / patient 

Takt time = 
4730400

1512
  =  3128.57 min. / patient 

EMOR=
Cycle time 

Takt time
= 

593.62 min./ patient

3128.57 min./ patient
 = 0.19, i.e., 19.00% 

 For the FOR: 

Cycle time =   
838482

1547
   = 542.0 min / patient 

Takt time = 
4730400

1547
  =  3057.8 min / patient 

EFOR=
Cycle time 

Takt time
= 

542.0 min./ patient

3057.8 min./ patient
 = 0.177, i.e., 17.7% 

The various results obtained for MOR, and FOR are 

tabulated in Table 3.  

 

 

Figure 1: Comparing cycle time and takt time of MTR and FTR 

of emergency department 

 

Figure 3: Comparing cycle time and takt time of MOR and FOR 

of ED 

 

 

 

Figure 2: Comparing efficiency of MTR and FTR of emergency 

department 

 

Figure 4: Comparing efficiency of MOR and FOR of ED 

Table 3: Cycle time, takt time and efficiency of MOR and FOR of ED 

Description MOR FOR 

Cycle time =   
897556

1512
   = 593.62 min. / patient =   

838482

1547
   = 542.0 min / patient 

Takt Time = 
4730400

1512
  =  3128.57 min. / patient = 

4730400

1547
  =  3057.8 min / patient 

Efficiency 
593.62 min./ patient

3128.57 min./ patient
 = 0.19 i.e. 19.00% 

542.0 min./ patient

3057.8 min./ patient
= 0.177 i.e. 17.7% 
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The efficiency of the four rooms of ED are compared 

and depicted graphically in Figure 5 for clear 

understanding. 

 

Figure 5: Comparing efficiency of MTR, FTR, MOR and FOR of 

emergency department 

A concept of relative efficiency 𝑅𝐸𝑋/𝑌  is used to 

compare the efficiency between the two rooms X and Y as 

follows: 

𝑅𝐸𝑋/𝑌  = 
𝐸𝑋

𝐸𝑌
 

Thus, the 𝑅𝐸𝑀𝑇𝑅/𝐹𝑇𝑅   i.e. relative efficiency between 

MTR and FTR can be calculated as follows: 

𝑅𝐸𝑀𝑇𝑅/𝐹𝑇𝑅 =  
𝐸𝑀𝑇𝑅

𝐸𝐹𝑇𝑅
  = 

0.50

0.42
 = 1.19, 

This figure implies that MTR is 1.19 times more 

efficient than the FTR. Likewise, all the relative efficiency 

among MTR, FTR, MOR and FOR were calculated and 

tabulated in Table 4. 

Table 4: The relative efficiency among MTR, FTR, MOR, and 

FOR of emergency department 

 MTR FTR MOR FOR 

MTR - 1.19 2.63 2.83 

FTR - - 2.21 2.37 

MOR - - - 1.07 

FOR - - - - 

4. Discussion and Conclusions 

Cycle time deals with the time needed to complete the 

operations whereas the takt time deals with the time 

needed to complete the operations with respect to patients’ 

demand and the available time. In the present study, cycle 

time and takt time of four rooms of ED, i.e., MTR, FTR, 

MOR and FOR were calculated and compared for 

meaningful inferences as follows: 

 Case of MTR 

The cycle time < takt time (i.e., 319.68 < 635.24), cycle 

time is 319.68 minutes, whereas takt time is 635.24 

minutes. Therefore, it is obvious in this case that there is 

an extra equipped beds used in the MTR room which is a 

type of inventory waste as defined in lean thinking and 

doesn’t add a value to the patients. Whereas the service is 

smooth and considered to be efficient when cycle time = 

takt time which is the ideal case. 

 In this case, MTR’s inefficiency in managing 

patient in the ED has been surfaced out. MTR has been 

underutilizing the capacity to serve the patients in more 

efficient ways. The efficiency of MTR (𝐸𝑀𝑇𝑅) is 

calculated as ratio of cycle time to takt time, and found to 

be 𝐸𝑀𝑇𝑅= 0.50 i.e 50%. The efficiency so obtained may 

also be compared with ideal case.  It is evident from the 

calculation that wasted resources (extra beds) are used in 

the MTR room which incurs enormous costs and reduces 

the department efficiency. Hence, this waste requires a 

management action to eliminate it by cutting down the 

number of beds to improve the efficiency, quality of 

provided services, and reduce cost. Eliminated beds can be 

utilized in other rooms were overcrowding and ambulance 

diversion problems exist. 

 Case of FTR  

The cycle time < takt time (i.e., 374.63 < 903.7), cycle 

time is 374.63 minutes, whereas takt time is 903.7 

minutes. In this case, the FTR’s is also having a problem 

in managing the patients. FTR has been underutilizing the 

capacity to serve the patients in more efficient ways. The 

efficiency of FTR (𝐸𝐹𝑇𝑅) has been found as 𝐸𝐹𝑇𝑅= 0.42 

i.e. 42%.  From the results, it can be said that wasted 

resources are used in the FTR room which requires a 

management action to eliminate it for improving the 

efficiency, quality, and cost reduction purposes.  

 Case of MOR  

The cycle time < takt time (i.e., 593.62 < 3128.57), 

cycle time is 593.62 minutes, whereas takt time is 3128.57 

minutes. In this case, the MOR’s is also having enormous 

problems in managing the patients’ crowd in the ED. The 

efficiency of MOR (𝐸𝑀𝑂𝑅) has been found as 𝐸𝑀𝑂𝑅= 0.19, 

i.e., 19%. Therefore, more inventory waste (extra beds) 

exists in the MOR room according to lean thinking 

principles. 

 Case of FOR  

The cycle time < takt time (i.e., 542.0 < 3057.80), cycle 

time is 542.0 minutes, whereas takt time is 3057.80 

minutes. In this case, the FOR’s is also having a problem 

in managing the patients rushing into the ED. The 

efficiency of FOR (𝐸𝐹𝑂𝑅) has been found as 𝐸𝐹𝑂𝑅= 0.177, 

i.e., 17.7% and it is obvious that more inventory waste 

exists in this room.  

 The MTR, FTR, MOR and FOR rooms of the 

emergency department are underutilizing the capacity to 

serve the patients, thus warrants the implementation of 

lean principles so that rooms can operate in an efficient 

ways. From the above results, it is evident that efficiency 

in FOR and MOR rooms is less hence non effective time 

has to be curtailed. In case of MTR and FTR rooms, the 

efficiency obtained are reasonably good but still can be 

improved by reducing the number of beds thus it can be 

assumed that the patients’ services are managed 

effectively. From calculation, the following relations can 

be established: 

𝐸𝑀𝑇𝑅 > 𝐸𝐹𝑇𝑅 > 𝐸𝑀𝑂𝑅 > 𝐸𝐹𝑂𝑅 ,  

i.e., 50.00% > 42.00% > 19.00% > 17.70% 

Looking at the efficiency calculations, it has been 

observed that efficiencies of MOR and FOR are 50% less 

that MTR and FTR, respectively. Hence, there is a 

crowding witnessed at two rooms of ED i.e. Rapid 

Response – medical (RR – medical) and Rapid Response – 
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trauma (RR – trauma). Owing to this excess crowding, 

there are many ambulance diversions taking place to 

private hospitals.  In order to reduce ambulance diversions 

to private hospitals, ED management should implement 

lean thinking principles to increase the efficiency of MOR 

and FOR at par with MTR and FTR, respectively. In some 

cases, management can transfer number of beds from these 

rooms to RR – medical and RR – trauma room in the ED. 

Also, hospital management may go ahead to redesign the 

layout of the emergency department in order to 

accommodate the beds transfer.  

4.1. Forecasting Analysis and Efficiency Improvement 

A forecasting analysis has been done using the artificial 

neural network tool to determine the maximum number of 

occupied beds simultaneously in each room. It revealed 

that for the next three years, there will be a demand of 6, 5, 

3, and 3 beds for MTR, FTR, MOR and FOR, respectively. 

Consequently, on the bases of these figures, an 

improvement strategy is suggested to reduce the number of 

beds in the rooms under study as 14 beds are allocated 

equally for MTR, FTR whereas 10 beds allocated equally 

for MOR, and FOR. This reduction in the number of beds 

will reduce the inventory waste and improve the efficiency 

by 21.6%, 17.8%, 15.2%, and 14.2% for MTR, FTR, 

MOR, and FOR, respectively. Figure 6 and Figure 7 

represent the efficiency improvement versus the number of 

beds in the room under study.  

 

Figure 6: Efficiency improvement for MTR and FTR rooms 

 

Figure 7: Efficiency improvement for MOR and FOR rooms 

4.2. Managerial Implications and Future Research 

Directions 

Using lean practices, the efficiency of a room can be 

measured and may be compared with other rooms to take 

precautionary measures to stream line patients’ flow and 

services of the department. Also, applying lean practices, 

waste and waiting time of the patients can be curtailed and 

more effective services may be offered to needy patients in 

EDs. Health Maintenance Organizations (HMO) managers 

need to re-devise their strategies to incorporate lean 

practices in every room of health care system so that rapid 

and effective improvement can be made in the system. 

Many researchers observed in their studies that patient care 

usually improved after implementation of lean principles 

in health care services [15]. Also, it has been observed that 

many EDs have reported decreases in LOS, waiting times, 

and proportion of patients leaving the ED without being 

seen. Moreover, lean manufacturing principles can reduce 

waste and improve the patients’ flow through the ED, 

resulting in greater patient satisfaction along with reduced 

time spent by the patient in the ED [39]. 

The lean approach may be applied to benchmark each 

and every room of the ED. It may also be applied to 

benchmark each service being served in every room so as 

to compare at global level. The present relative efficiency 

approach may be used to determine the number of beds, 

doctors, nurses and medical instruments in ED. The 

present approach may also be used to forecast the demand 

and supply rate of medical hospitals to make the service 

available to curb accidental death rate. A Decision Support 

System (DSS) may be developed to help HMO managers 

in critical decision making in different scenarios with 

increased or decreased strength of patients. Using laser 

aided digital camera, the patients rushing into the ED may 

be gauged well in time and system goes on updating and 

calculating the change in takt time and available time. 

Manager may get help from system about possible increase 

or decrease of medical services to offer. In such cases, 

manager will be well informed and more comfortable in 

managerial decision making. 
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