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Abstract
Background: Operating room (OR) is one of the main hospital parts and management of time and cost are very
important in this essential unit. Also, due to the close relationship with other departments, improving its service
quality and performance, significantly increases the efficiency of hospital. OR is a complex system in which each
lack of coordination effects on all hospital departments. So it is important to identify and categorize the factors that
caused loss of OR orchestration and analyze the cost and delay times that imposed by this loss of orchestrations.
Methods: Computer simulation is a useful technique for modelling system and its behavior. OR is a complex
system which has lots of agents interacting with each other, so the agent based simulation method is a suitable
technique for modelling OR agents, relationships, defining loss of orchestrations and analyzing the results on the
system performance.
Findings: By identifying OR non-orchestration factors, the most frequencies are related to the lack of recovery
beds, emergency surgery, surgeon delay, lack of patient transferor, prolongation of other surgical procedures,
anesthesia and pediatric surgery; and the less frequencies are for clinical changes in the patient status, inadequate
testing, and patient’s cancellation or lack of readiness. Also, the most delayed and lost time were due to the
inadequacy of patient tests, anesthesia and pediatric surgery, prolongation of other surgical procedures, and lack
of recovery beds.
Conclusion: Surgery procedure is not just a surgical technique, but has many aspects that should be addressed
and resolved. The results indicated that the most effective factor in hospital delay and costs is the shortage of
resources and lack of planning, which can be improved by interconnecting communication and on-time information
sharing.
Keywords: Simulation, Operating room, Delay time, Cost management

and employees.4 OR management needs cooperative

Introduction
The growing increase in health care costs is a major

approach for care services that also associated with all

are trying to find some techniques for improving service

parts performance too. OR work flow optimization,

problem in the healthcare system and healthcare managers

hospital parts and its performance will effect on other

delivery and reducing cost. Hospitals are one of the most

creating a team-based approach to maximize utilizing

than 36% of government costs. Operating room (OR) is

the efficiency and reduce operating costs.5

and it is essential to make appropriate decisions about

management:

1

important sectors in healthcare systems that incur more
2

people, process, and technology is necessary to increase

one of the most important units for hospital managers3

Different dimensions should be considered in OR

services, patients, policies, information, processes,

Time reduction: Time management is an important
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scenario in managing OR more efficiently. New surgery
techniques improve recovery and patient status, but they

prolong the operation.6 Also duration of surgery has very
diversity,7 the surgeon’s rate of work is also a major factor

of time variety in the OR.8 The presence or participation
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of the resident increases the surgical time by up to 70%

and also increases costs. Personal differences between
9

anesthesiologists have very little effect on the duration of

the surgery, however, specialization in the particular type
10

of surgery can accelerate anesthetic specialists. Teaching

a resident will lead to 2-3 minutes of anesthesiologist’s
delay.11 Also, choosing the correct type of surgery is

very important and it is the most effective factor on time
spending in OR after surgeon speed.

Work method change: Parallel processes increase

OR efficiency by reducing surgical non-operative time.12
Performing anesthesia and patient exit can be done in a

separate room at the same time with cleaning the OR.13
There are also methods for parallel processes without

additional costs: redesign workflow and reassigning tasks
to various specialists,

14

considering the fact that the OR

is the most sensitive unit of the hospital, which delays
due to the lack of availability of different resources could
increase about 5 working days per month.15 In addition,
delays caused by surgeons are much longer than delays
for other reasons 16 and we can make some improvement
by enhancing the surgeon and other team relationship.

OR Performance Monitoring: For achieving goals,

OR performance must be monitored regularly.

17

Useful

performance indicators include the type of input/output
scale,

18

non-operative time,

19

OR start time,

20

and net

productivity. The number of operations, overtime, costs,
cancellation rates, complexity, duration of surgery,
and time and productivity are valuable and should be
measured.

Technical tools for management: OR management

information system should support process management

in right time. An ideal system for tracking patients

and resources will help to monitor and report the OR
performance.21

Focus on process: Properly defined processes improve

the common understanding of all patients involved in

postoperative treatment. Multi-disciplinary team work,
parallel processes, reorganization and tasks reassignment
for reduce non-operative and delays times, increase

workflow time, and achieve faster start per day will be
used.

22,23

Facilities: Hospital facilities must design so that support

patient flow and allow flexible use for diverse operations.

24

The manager must assess the layout of each OR

separately and in total. The volume of technology and new
equipment, such as the process of endoscopic surgery

in ORs, is increasing today. Congestion may adversely
affect the ability of the surgical team.25

Personnel: In most countries, the lack of anesthesiologist

or nursing staff restricts access to the OR.26 Sometimes

work flow can be achieved by changing the ratio of nurses

and surgeons.27 OR activities require a high level of
expertise and professional knowledge that needs to be
constantly updated. 28

Surgical unit personnel: OR manager should consider

all team members, the operational environment includes

interactions between surgeons, anesthesiologists, nurses,
technicians, and patients.
Related Works

Dexter et al29 observed 22 surgeries and analyzed the OR

efficiency and found that equipment, environment and work

process have the most impact on loss of orchestration in
OR. They found some problems in sterilization. Also lack
of coordination among inside and outside of OR makes

some disruptions in surgery process. In a comprehensive
approach for OR scheduling30 24 heart surgeries and 20
orthopedic surgeries were analyzed; they found that loss

of orchestration in OR are mostly related to planning and

workload management (37%), awareness of situation (34-

42%) and teamwork errors (19%). Zeng et al31 compared

orchestration in 2 hospitals and they found that many
of these problems are related to emergency cases,
unpredictable changes in patient status, and some loss

of coordination among surgery team that makes some
delay, tension and conflict among surgery team. Fairley

et al observed 444 surgeries and found 60 cases in which

loss of orchestration caused some damages to patient. In
most cases there are some bottlenecks in post-anesthesia

care unit and lack of capacity makes some delays for other
surgeries.32

Operation research provides a trade-off analysis

between the cost efficiency (via minimizing the total costs),
responsiveness (through minimizing the delay time and

unsatisfied demand) which improve OR efficiency.33 We

can consider OR agents as a network that analysis of
them can help us to reduce some coordination problems.34
ORs are precious resources in hospitals, they constitute

more than 40% of the hospital revenues and surgical

cancellations are very costly to hospitals, so this is critical
to consider it as an important problem in analysis of cost
and delay time.35

By studying different aspects of OR management, it can

be concluded that the OR is a complex environment in

which various agents interacting each other with different
and sometimes unpredictable behaviors. Delivering
services in OR can be seen as a chain of processes that
needs orchestration in different chain levels to provide
suitable care for patient.36

The loss of orchestration in OR indicates that there is a

mismatch between the actual and expected conditions in
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OR cooperative ecosystem. Also, loss of orchestration is

The purpose of this research is reducing waiting time

an activity in OR process that there is an important need to

them.

the main reason for the lack of successful completion of
do some researches in this area. The result of these loss

resulting from loss of orchestrations and costs related to

of orchestrations can lead to inappropriate side effects

Materials and Methods

body, or inappropriate surgery.

waiting time and related cost caused by loss of

on the patient, surgery on the wrong part of the patient’s

This research is a case study with the aim of reducing

Based on studies, the authors of this paper express a

orchestration of OR resources. OR entities include

comprehensive definition of resource orchestration in OR
as follows:

“OR resource orchestration is a complex task in which

many resources must be coordinated to achieve its

effectiveness and make the patient, surgeon, information

and material flows more efficient. Surgeon availability,
time management, patient information, equipment must
be coordinated in order to achieve maximum performance

surgical team, anesthesiologist, and patient as the agents
that make the whole ecosystem.46

One of the positive aspects of agent-based simulation
is that this model has high development capability and
necessary changes can be made and agent, units,

regulations and new conditions can be added if there are
any requirements.

The modeling tools in this study in NetLogo 6.0.2.

with the lowest cost and the highest responsiveness level.”

NetLogo is a software for computer simulation and a

in recent years the use of operation research tools in

agents of our model in OR are as following: Surgery fellow,

Considering the importance of managing health centers,
hospitals and specially the management of ORs has
increased significantly.

Simulation is more effective in healthcare systems

because of more complexity than definitive models.37 In
this research agent-based simulation is used because of

suitable tool for modelling agent-based systems. The

anesthesia resident, anesthesiologist, scrub, circulator,
recovery nurse, ward nurse, OR clerk, internal patient

transferor, external patient transferor, cleaning crew, and
patients.

high flexibility and providing sensitivity analysis.

The classification of Loss of orchestration factors:

an agent that follows a procedure based on his/her status.

interviewing experts, the loss of orchestration factors,

In this modeling approach, each patient is considered as

Also due to the complexity of OR, agent based model
provide this possibility to consider the main elements

of ecosystem (surgeon, nurse,…) as an agent and real
condition can be implemented with good approximation

by defining behavior of these agents. This illustrates

Using follow-up of patients in OR for one month and
the delay time and cost effects result by this factors were
identified and classified. They are described in Table 1.

Also the costs of each agents was collected. The

summary of Table 1 is as following:
•

the realism of the model, which is one of the significant
features of agent-based modeling.

especially ORs. This technique also used for poisoning,
transportation

testing before surgery and need to do or repeat test.

management,

42

social

economic,44 and healthcare management.45

sciences,

•
•

and

observed

and

some

of recover bed, patient transferor shortage, materials
sterile problem.

necessary

•

After interviewing experts, it was decided to concentrate on

•

requirements were identified for analysis and improvement.
PCNL (percutaneous nephrolithotomy) surgery to model

the process more accurately. The important problem

OR management factors: technical problems in
equipment, prolongation of other surgeries, shortage

43

In this research, Hasheminejad OR process was

considered

Patient related factors: patient now show or delay,
change in patient clinical status.

40

intracellular topics,41 also, non-medical areas such
as

shortage of some necessary testimonials, Inadequate

38,39

Agent based simulation is a useful tool for hospitals,

Ward management factors: patient non-readiness,

Doctor

and

cancelation.
Special

surgeon

reasons:

factors:

doing

surgeon

emergency

anesthesiology and pediatric surgery.

delay,
surgery,

was analysis of cost and delay time related to loss of

Model Explanation

for OR resource orchestration is developed and agent

unique features in a specific location. In this study, from the

orchestrations. In this study a comprehensive definition
based simulation is used due to its flexibility to define all

OR agents and analyze the impact of each agent’s loss of
orchestrations on delay time and cost of OR.

In the designed model, each of agents is defined with

patient entrance time to the OR until the patient exit, the
recovery and transfers to the department is considered.
Patients enter the OR according to Poisson distribution.
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Table 1. Loss of Orchestrations Factors in OR
Hospital

Planning

Shortage of bed after surgery
•
Shortage of medicine
•
Lack of tools and surgical instruments
The lack of notification between ward and OR for patient
readiness
•
Not getting the drug at the right time
•
Other necessary readiness

Material
The lack of notification

Management

Ward

The lack of patient readiness

•
•
•

Experiments and testimonials
Scheduling
OR

Prolonging other surgical procedures and lack of time
•
Lack of patient transferor
•
Lack of other personnel
Disruption in work with personnel leaving the OR because of
some problem outside.

Personnel
Lack of coordination outside
the OR

Equipment
Technology and tools

Tools and
materials

•
•

Organizational and
process factors

Education and
culture
Communication
and teamwork

Technical problem
Inaccessibility

Inaccessibility of tools and materials
Tools and materials sterile problem
•

Planning

Lack of necessary testimonials
Inadequate testing before surgery
Need to do or repeat test

Late start of first surgery

Lack of resources:
•
Lack of recovery bed
•
Lack of patient transferor
•
Lak of OR
Inadequate training for a new entrant
Weak culture about the requirements during the surgery
Lack of coordination and proper connection of the surgical team
Collaboration and teamwork problems
Poor connection between ward, OR etc
Fatigue and distraction

Technical

Insufficient ability to perform tasks
Pull down the necessary steps
Misunderstanding of relevant information

Doctor

Anesthesiologist

Delay or now show

Surgeon

Delay or now show
Nurses and anesthetists errors

Nurses and anesthetists
Human resource
Personnel

Nurses and anesthetists shortage
Multi task

Recovery
Service clerks
Patient

Environmental factors

Nurses and anesthetists no show

Recovery personnel shortage
Clean Service clerks shortage
Patient transferor shortage
Clinical change and lack of tests

Unrelated conversations etc

Variety of colors are used to diagnose the status of the

service offering agent. The service time is also defined in
the model for all agents according to the recorded data.

Figure 1 shows the developed model for simulation of the

As shown in the Figure 1, the time elapsed in minutes is

calculated, and by considering cost variables for agents,
the cost of loss of orchestrations are calculated.

OR with NetLogo software.

Patient Agent

each agents are described. Any delay causes the hospital

characteristics. Some of these features include (1) Failure

In the following, the cost conditions and the delay of

some costs; because the agents in the surgical unit are

ready to work and the cost of each agent is calculated per
minute in a cumulative manner.

According to the data, each patient has different
to reach the hospital, in this case, the patient’s delay time

in model and the cost of all agents of OR at this time is

calculated. (2) patient no show. In this condition, the next
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Figure 1. Model Designed by NetLogo to Do Cost and Delay Time Analytics in OR.

patient is transferred for surgery to the OR; in this case,

the patient’s delay time and the cost of all the agents of

the OR at this time is calculated. Changing the patient’s
clinical status, which may lead to operation delay or

cancellation of the operation. These cases cause delay

time and cost due to OR agents waste. These items are

cause a delay for next operation and also imposing
4.

surplus costs.

Replacement of tools and equipment and sterile

problems: in some cases, fixing these problems make
some delay and additional costs for system.

also calculated and defined in the model.

Special Reasons

Physician/Surgeon Agent

and they cause some delay time and additional costs for

Some emergency situations might occur during the surgery

In some cases, the surgeon arrives by delay or the first

operation usually starts late at morning. In this case this
delay cause lateness in other operations and makes

the OR. These special cases are defined in the model.

Results

cumulative costs (all agents present in the OR).

In this stage, after modeling OR with agent based

Ward Management

variables, verification of the model was checked. Then,

Patient’s

non-readiness,

shaving,

fasting,

simulation and applying loss of orchestrations and cost
lack

of

necessary testimonials, inadequate tests, make the
patient some requirements to do some examinations.
Operating Room Management
1.

2.

The technical fault in the OR equipment causes a

delay for repairing or replacing them which has cost

run. After that, the outputs of model and actual collected
data from hospital were compared to validate the model.
Therefore, the output of model was checked by hypothesis

test and comparing with actual data and based on them
the model was validated and cost results were confirmed.

and time lag for the system.

Validation of the Model

some cases due to the patient’s specific conditions

model expresses the reality. However, the model cannot

The prolongation of other surgical procedures: in
and some other uncertainties, such as bleeding

during surgery, the surgery time takes longer than
normal and it causes delay time and surplus costs
3.

the model was ran 31 times for duration of 1 day per each

for hospital.

Lack of recovery beds: Due to the fact that the time
of recovery is longer for some patients with certain

conditions, sometimes it happens that the patient’s
surgery is over, but recovery bed is not free, and it
is not possible to transfer the patient from OR. It will

Validation of the model means that in which extent the
fully reflect the reality and in the best situation models

give good approximation of the reality. Therefore, to
validate the model it should be investigated that how
close the actual and the simulated results are. After model

completion, model was ran 31 times, 1 month duration
per each run. According to central limit theory, for number

of sample greater than 30, distribution of samples will be

normal. So, the number of runs was chosen as 31. These
results were compared by actual data from hospital. To
validate the model, the hypothesis test was performed and
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the validity of the model was confirmed. The tests were
independent from each other by using different simulation
random Sid. The hypothesis was tested at the error level
of. The statistical factors are calculated as follow:



T=
2
Sp =

T=

̅̅̅−x
x2 ̅̅̅۱
1

1

Sp √n +n
1

2



(n1 −1)S21 + (n2 −1)S22
n1 + n2 −2
̅̅̅−x
x
2 ̅̅̅
۱



ȋͳȌ
ȋʹȌ
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1
1
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𝐻𝐻Ͳǣ𝜇𝜇ͳα𝜇𝜇ʹ
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n1 n2

conditions are satisfied, H0 hypothesis is rejected;
α

2
Ȕ→ȁ𝑇𝑇ȁε𝑇𝑇ȋ
ǡ nassumption
n222 − 2Ȍȋ͵Ȍ
otherwise,
zero
is acceptable and H1 is
(n1the
−1)S
−1)S
1 2+
1 + (n
2

Sp =
rejected).

2
n1 + n2 −2

𝐻𝐻ͳǣ𝜇𝜇ͳ≠𝜇𝜇ʹ
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α

Ȕ→ȁ𝑇𝑇ȁε𝑇𝑇ȋ ǡ n1 + n2 − 2Ȍȋ͵Ȍ
2

𝐻𝐻ͳǣ𝜇𝜇ͳ≠𝜇𝜇ʹ

The results for one agent are shown in Figure 2. The
purpose of model validation is to approximate the power
of model to behave reality. However, the model cannot
completely reflect reality, and the best models are good
approximations of the reality.

We considered some criteria to measure the OR

orchestration. The results were compared with the actual
hospital data for validation.

Figure 2 shows the simulated results for some agents.
Each point is the result of 1 day simulation. Based on the

results obtained from the model, the average delay time of

various factors was not significantly different from actual

data; therefore the validity of the model is confirmed.
Therefore, the results are reliable and the effect of each

delay and loss of orchestration factors on the cost can be
investigated.

Results Interpretation of Cost and Delay

In this section the results of surgeries simulated which
performed at OR are presented. Noting to the time lost

and cumulative cost of the engaged agents in model, the
imposed cost on hospital corresponding to each delay due
to loss of orchestration was obtained.

According to results, the highest frequencies are related

to lack of recovery bed, emergency operation, surgeon’s

delay, shortage of patient transferor, prolongation of other
surgical procedures, anesthesia and pediatric surgery;
and lowest frequencies are related to change in patient’s

clinical status, inadequacy of tests, cancellation from
patient side and patient who is not ready (Figure 3).

As it can be seen in Figure 4, the highest delay time is due

Figure 2. Comparison of Simulated Results and Actual Results for Some
Agents.

Figure 4. Average Delay Time in Surgery by Each Loss of Orchestration
Factor.

Figure 3 -Frequency of OR Loss of Orchestration

Figure 5. Hospital Costs
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to the inadequacy of patient tests, anesthesia and pediatric

can be said that performing surgical operations not merely

lack of recovery beds. Also the patient cancellation,

that should be considered and try to resolve negative

surgery, prolongation of other surgical procedures, and
shortage of testimonials and patient transferor shortage
have the less average delay time in surgery.

In Figure 5, noting to the average delay time of each loss

of orchestration factors resulted from our observations
and data collections and also interviewing experts in
Hasheminejad OR, and the cost data about each agent

in OR, the cost imposed to hospital is shown. As it can be

include surgical technique but there are several aspects
factors and strengthen positive ones. In addition to the
above mentioned conclusions, the following suggestions
can be effective in managing the OR:
•

On time information to patients about the delay or

•

Follow-up testing, consulting or preparation of the

seen, the highest hospital costs were due to inadequate

preoperative tests, prolongation of other operations
and shortage of recovery beds; and the lowest hospital

costs were shortage of patient transferor and the lack of

cancellation of the operation.

tools needed for the surgery by ward responsible
and precise applying of the pre-operative consulting

•

necessary testimonial.

instructions.

Improvement

of

the

quality

and

quantity

of

communication between departments and the OR in

terms of information to enhance the capacity of the
OR.

Applicability and Significance in Hospital

•

managers to simulate the OR ecosystem with simulation.

This research tried to propose an approach for

situation can change and some sensitivity analysis

orchestrations and their factors were analyzed by delay

The proposed model and framework will help hospital

Also because of agent based simulation flexibility, any
can perform. The proposed framework also defines a

comprehensive definition about OR orchestration and the

situations that loss of orchestration occurs. This can help
hospital managers to analyze the effect of this factors on
OR performance especially with time and cost approach.
Managerial Insights

By doing this analysis some managerial suggestions can
be presented that could improve performance of OR:
•

Improving coordination between OR and preoperative

•

reducing loss of orchestration. In this paper, the loss of
time and cost effect comparing to previous studies in OR
that only some qualitative analysis were performed. Also

by considering OR in general, the previous research are

more concentrated on scheduling but present study tried
to solve the real problem in hospital with a new and flexible

method named agent based simulation, this approach

makes sensitivity analysis easier and helps analysis of
loss of orchestration in OR.
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(OR): Operating Room; (PCNL): Percutaneous Nephrolithotomy.

Assigning another patient transferor can help to

Authors’ Contributions

smoother.

operation research in OR and studies mentioned, most of

reduce the delay time and make the patient flow

According to some literature reviews about application of

Recovery bed shortage makes some delays and the

researches in OR focus on scheduling and they don’t offer

next surgery will start later, so considering an extra
bed in recovery will reduce the delay time.
•

operation list for replacement.

care unit makes some improvement and reduces the
number of lack of necessary test.
•

Avoid placing patients more than possible in the

After finishing uncertain activities in surgery, it is better
to inform the preoperative care unit for readiness of

next patient. This scenario will decrease the delay
time.

a comprehensive approach for managing all OR agents.
Also most of studies about coordination are qualitative

and don’t analyze the effect of this loss of orchestrations
on performance of OR. In this study we used agent

based simulation because of its flexibility to define all OR

agents and analyze the impact of each agent’s loss of
orchestrations on delay time and cost of OR.

Conclusion
As a general conclusion, the most influential factor is related

Competing Interests

to ward management that better results can be obtained

The authors declare no competing interests.

The results of this study and similar cases indicate that

Acknowledgements

list from previous day need a serious overhaul. In fact, it

in the study. We would like to thank the nursing, the

by improving the communication and in-time notification.

current and traditional methods of preparation of surgery

The author thanks the hospital staff who participated

Int J Hosp Res 2018, Volume 7, Issue 2

8

Cost and Delay Time Analytics

Saeedian et al

administrative and secretarial staff of Hasheminejad

operating room for their contribution to the maintenance of
patient record without which this project would have been
impossible.

Fone D, Hollinghurst S, Temple M, et al. Systematic
review of the use and value of computer simulation
delivery. J Public Health Med. 2003;25(4):325-335.

Ghaffari S, Jackson TJ, Doran CM, Wilson A, Aisbett

C. Describing Iranian hospital activity using Australian

Refined DRGs: a case study of the Iranian Social

Security Organisation. Health Policy. 2008;87(1):633.

71. doi:10.1016/j.healthpol.2007.09.014

Abedini A, Li W, Ye H. An optimization model for

operating room scheduling to reduce blocking

across the perioperative process. Procedia Manuf.
4.

5.

2017;10:60-70. doi:10.1016/j.promfg.2017.07.022

Toba S, Tomasini M, Yang YH. Supply chain

management in hospital: a case study. California

Journal of Operations Management. 2008;6(1):49-55.

Dexter F, Epstein RH, Traub RD, Xiao Y. Making
management decisions on the day of surgery based

on operating room efficiency and patient waiting
times.
6.

Anesthesiology.

2004;101(6):1444-1453.

doi:10.1097/00000542-200412000-00027

Tilney HS, Lovegrove RE, Purkayastha S, et al.
Comparison of colonic stenting and open surgery

for malignant large bowel obstruction. Surg Endosc.
7.

2007;21(2):225-233. doi:10.1007/s00464-005-0644-1

McIntosh C, Dexter F, Epstein RH. The impact of
service-specific staffing, case scheduling, turnovers,
and first-case starts on anesthesia group and operating
room productivity: a tutorial using data from an
Australian hospital. Anesth Analg. 2006;103(6):1499-

8.

1516. doi:10.1213/01.ane.0000244535.54710.28

Abouleish AE, Prough DS, Zornow MH, et al. The
impact of longer-than-average anesthesia times on

the billing of academic anesthesiology departments.
Anesth
9.

does not lead to changes in anesthesia-controlled

Analg.

for

efficiency

2004;101(5):1210-1214.

modelling in population health and health care
2.

of anesthesia resident trainees to the operating room
times

References
1.

11. Eappen S, Flanagan H, Bhattacharyya N. Introduction

2001;93(6):1537-1543,

table

contents. doi:10.1097/00000539-200112000-00042

of

Babineau TJ, Becker J, Gibbons G, et al. The “cost”
of operative training for surgical residents. Arch
Surg. 2004;139(4):366-369; discussion 369-370.
doi:10.1001/archsurg.139.4.366

10. Strum DP, May JH, Vargas LG. Modeling the
uncertainty of surgical procedure times: comparison

of log-normal and normal models. Anesthesiology.
2000;92(4):1160-1167.
200004000-00035

doi:10.1097/00000542-

measures. Anesthesiology.

200411000-00022

doi:10.1097/00000542-

12. Hanss R, Buttgereit B, Tonner PH, et al. Overlapping

induction of anesthesia: an analysis of benefits
and costs. Anesthesiology. 2005;103(2):391-400.
doi:10.1097/00000542-200508000-00023

13. Eappen S, Flanagan H, Lithman R, Bhattacharyya N.

The addition of a regional block team to the orthopedic
operating rooms does not improve anesthesia-

controlled times and turnover time in the setting of
long turnover times. J Clin Anesth. 2007;19(2):85-91.
doi:10.1016/j.jclinane.2006.04.010

14. Cendán JC, Good M. Interdisciplinary work flow
assessment and redesign decreases operating room

turnover time and allows for additional caseload. Arch
Surg. 2006;141(1):65-69; discussion 70. doi:10.1001/
archsurg.141.1.65

15. Sieber

TJ,

Leibundgut

DL.

Operating

room

management and strategies in Switzerland: results
of a survey. Eur J Anaesthesiol. 2002;19(6):415-423.
doi:10.1017/s0265021502000662

16. Weinbroum AA, Ekstein P, Ezri T. Efficiency of the
operating room suite. Am J Surg. 2003;185(3):244250. doi:10.1016/s0002-9610(02)01362-4

17. Marjamaa RA, Torkki PM, Torkki MI, Kirvelä OA.
Time accuracy of a radio frequency identification

patient tracking system for recording operating room

timestamps. Anesth Analg. 2006;102(4):1183-1186.
doi:10.1213/01.ane.0000196527.96964.72

18. Torkki PM, Alho AI, Peltokorpi AV, Torkki MI, Kallio
PE. Managing urgent surgery as a process: Case

study of a trauma center. Int J Technol Assess
Health

Care.

2006;22(2):255-260.

s0266462306051087

doi:10.1017/

19. Harders M, Malangoni MA, Weight S, Sidhu T.
Improving operating room efficiency through process

redesign. Surgery. 2006;140(4):509-514; discussion
514-506. doi:10.1016/j.surg.2006.06.018

20. Macario A. Are your hospital operating rooms
“efficient”? A scoring system with eight performance
indicators.

Anesthesiology.

2006;105(2):237-240.

doi:10.1097/00000542-200608000-00004

21. Macario

A,

Vasanawala

M.

Technology

and

computing in the surgical suite: key features of an or

management information system and opportunities

for the future. Anesth Analg. 2002;95(4):1120-1121.
doi:10.1097/00000539-200210000-00067

Int J Hosp Res 2018, Volume 7, Issue 2

Cost and Delay Time Analytics

9

Saeedian et al

22. Overdyk FJ, Harvey SC, Fishman RL, Shippey
F. Successful strategies for improving operating

room efficiency at academic institutions. Anesth

an optimization and machine learning model. Health

Care Manag Sci. 2018. doi:10.1007/s10729-0189457-3

Analg. 1998;86(4):896-906. doi:10.1097/00000539-

33. Ghatreh Samani MR, Torabi SA, Hosseini-Motlagh

23. Correll DJ, Bader AM, Hull MW, Hsu C, Tsen LC,

for disaster relief. Int J Disaster Risk Reduct.

199804000-00039

Hepner DL. Value of preoperative clinic visits in

S-M.

Integrated

blood

supply

chain

planning

2018;27:168-188. doi:10.1016/j.ijdrr.2017.10.005

identifying issues with potential impact on operating

34. Rastegar-Panah M-M, Hosseini-Motlagh S-M, Babaei

1259; discussion 1256A. doi:10.1097/00000542-

analysis in the primary health context. Int J Hosp Res.

room efficiency. Anesthesiology. 2006;105(6):1254200612000-00026

E, Noughani F. Use and usefulness of social network
2013;2(4):177-186.

24. Sokal SM, Craft DL, Chang Y, Sandberg WS, Berger

35. Sadeghzadeh H, Sadat S. Increasing Operating

capacity in an era of constrained resources. Arch

a Data-Driven Overbooking Model. Int J Hosp Res.

DL. Maximizing operating room and recovery room
Surg. 2006;141(4):389-393; discussion 393-385.
doi:10.1001/archsurg.141.4.389

25. Nelson H, Sargent DJ, Wieand HS, et al. A comparison

of laparoscopically assisted and open colectomy for
colon cancer. N Engl J Med. 2004;350(20):20502059. doi:10.1056/NEJMoa032651

Room Profits and Decreasing Wait Lists by Use of
2018;7(1):109-129.

36. Tello-Leal E, Chiotti O, Villarreal PD. Processoriented integration and coordination of healthcare

services across organizational boundaries. J Med
Syst. 2012;36(6):3713-3724. doi:10.1007/s10916012-9844-0

26. Vakkuri A, Niskanen M, Meretoja OA, Alahuhta S.

37. VanBerkel PT, Blake JT. A comprehensive simulation

anesthesia nurses in Finland. Acta Anaesthesiol

applied in general surgery. Health Care Manag Sci.

Allocation of tasks between anesthesiologists and
Scand.

2006;50(6):659-663.

6576.2006.01036.x

doi:10.1111/j.1399-

27. St Jacques PJ, Higgins MS. Beyond cancellations:
decreased day of surgery delays from a dedicated

preoperative clinic may provide cost savings. J
Clin

Anesth.

2004;16(6):478-479.

jclinane.2004.07.001

doi:10.1016/j.

28. Flin R. “Danger--men at work”: Management influence

on safety. Human Factors and Ergonomics in
Manufacturing & Service Industries. 2003;13(4):261268. doi:10.1002/hfm.10042

for wait time reduction and capacity planning
2007;10(4):373-385.

38. Macal CM, North MJ. Successful approaches for

teaching agent-based simulation. In: Taylor SJE,
ed. Agent-Based Modeling and Simulation. London:
Palgrave Macmillan; 2014:271-290.

39. Bandini S, Manzoni S, Vizzari G. Agent based

modeling and simulation: an informatics perspective.
J Artif Soc Soc Simul. 2009;12(4):4.

40. McKee AC, Stern RA, Nowinski CJ, et al. The spectrum

of disease in chronic traumatic encephalopathy. Brain.
2013;136(Pt 1):43-64. doi:10.1093/brain/aws307

29. Dexter F, Epstein RH, Schwenk ES. Tardiness of

41. Pogson M, Smallwood R, Qwarnstrom E, Holcombe

when the preceding surgeon in an operating room is

chemical interactions. Biosystems. 2006;85(1):37-45.

starts of surgical cases is not substantively greater

of a different versus the same specialty. J Clin Anesth.
2019;53:20-26. doi:10.1016/j.jclinane.2018.09.027

30. Hamid M, Nasiri MM, Werner F, Sheikhahmadi

F, Zhalechian M. Operating room scheduling by
considering the decision-making styles of surgical
team

members:

A

comprehensive

approach.

Comput Oper Res. 2019;108:166-181. doi:10.1016/j.
cor.2019.04.010

31. Zeng Z, Xie X, Menaker H, Sanford-Ring SG, Li J.
Performance evaluation of operating room schedules

M. Formal agent-based modelling of intracellular
doi:10.1016/j.biosystems.2006.02.004

42. Higgins DF, Kimura K, Bernhardt WM, et al. Hypoxia
promotes fibrogenesis in vivo via HIF-1 stimulation of

epithelial-to-mesenchymal transition. J Clin Invest.
2007;117(12):3810-3820. doi:10.1172/jci30487

43. Rizzo DM, Garbelotto M. Sudden oak death:
endangering

California

and

Oregon

forest

ecosystems. Front Ecol Environ. 2003;1(4):197-204.

doi:10.1890/1540-9295(2003)001[0197:sodeca]2.0.
co;2

in orthopedic surgery. Flex Serv Manuf J. 2018;30(1-

44. Tesfatsion L. Agent-based computational economics:

32. Fairley M, Scheinker D, Brandeau ML. Improving the

Inf Sci. 2003;149(4):262-268. doi:10.1016/S0020-

2):198-223.

efficiency of the operating room environment with

modeling economies as complex adaptive systems.
0255(02)00280-3

Int J Hosp Res 2018, Volume 7, Issue 2

10

Cost and Delay Time Analytics

Saeedian et al

45. Barnes S, Golden B, Price S. Applications of agentbased

modeling

and

simulation

to

healthcare

operations management. In: Denton BT, ed. Handbook

of healthcare operations management: methods and
applications. New York: Springer; 2013:45-74.

46. Isern D, Moreno A. A systematic literature review
of agents applied in healthcare. J Med Syst.
2016;40(2):43. doi:10.1007/s10916-015-0376-2

Please cite this article as:
Masoumeh Saeedian, Mohammad Mehdi Sepehri, Pejman
Shadpour, Ammar Jalalimanesh, Sheida Hayatbakhsh. Cost
and Delay Time Analytics in OR: A Simulation-based Approach.
International Journal of Hospital Research 2018, 7(2): 1-10.
doi:10.34172/ijhr.2018.xx.

Int J Hosp Res 2018, Volume 7, Issue 2

