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Abstract 

 

Peri-Operative Process Flow and Analysis of factors affecting efficient 

delivery of surgical schedule  

Piyush Jajpuria, M.S.E. 

The University of Texas at Austin, 2015 

 

Supervisor:  William J. O’Brien 

 

With continuously increasing cost of healthcare and competition among hospitals to 

deliver quality services in an efficient manner, healthcare organizations are under constant 

pressure to maximize the use of available resources in the most cost effective manner and 

improve efficiency and productivity. 

Even though Operating theatres are of pivotal importance to hospitals as they are the 

biggest revenue and cost centers and most of the hospital admissions are caused by surgical 

interventions, recent studies have shown that Operating Room performance measures are far 

behind achievable targets (Denton et al., 2007). Thus, improving productivity and utilization 

of Operating Room (OR) resources is a key objective for hospitals. 

Implementing system-wide process improvement in perioperative environment is 

challenging as hospitals are highly complex systems and perioperative process flow requires 

coordination of various stakeholders having their specific roles and responsibilities for a 

diverse mix of surgical cases and patient needs. Adding to it is the inherent randomness and 

also the fact that hospital administration are typically designed around organizational groups 
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thus promoting functional silos having individualized and conflicting incentives (Girotto et al., 

2010) and challenging information flow. Monitoring and analyzing patient flow is the most 

critical part of managing or eliminating variability (Dempsey, 2009). 

Exploratory research methods are usually used in social science research for a 

problem that has not been clearly defined. Thus, this exploratory case study focused on 

detailed study of patient flow through the perioperative process of a general purpose unit 

including 6 functional operating rooms. From the extensive data analysis, detailed study of 

patient flow and semi-structured interviews conducted with different stakeholders of the 

hospital management,  I comprehend that that a systems perspective of the entire 

perioperative process flow instead of myopic activity level approach is necessary to solve the 

OR management problem and also list out factors impacting perioperative process flow. 

 

Keywords: Perioperative process flow, Factors affecting perioperative process 

flow, Perioperative flow performance measures analysis, Add-On Scheduling, Surgery 

Duration Prediction, Surgery Scheduling Heuristics 
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Chapter 1 Introduction 

The thesis presents a detailed description of a case study done at Seton Hays Surgery Center 

(hereafter referred to as the hospital), a regional hospital in Kyle, Texas, USA to study the 

perioperative process in detail with the objective of improving surgery scheduling to enable 

efficient and as planned delivery of operational schedule on the Day of Surgery (DoS). The hospital 

is a not-for-profit general purpose unit comprising of 6 operating rooms and 2 catheterization 

laboratories. Specialties served includes Cardiology, Cardiothoracic Surgery, Critical Care 

Medicine, Gastroenterology, General Surgery, Neurology, Gynecology, Ophthalmology, 

Orthopedic, Otolaryngology, Pain Management, Pediatrics, Podiatry, Pulmonary Disease, 

Radiology, Urology and Vascular Surgery. With such a diverse mix of cases and interdependencies 

between different functional group to deliver effective care in a planned and cost effective manner 

makes Operating Theater management a very complex problem. This research focuses on detailed 

study of perioperative process flow of the hospital and extensive analysis of performance measures 

to present a need for systems approach to manage this complex problem rather than myopic activity 

level perspective of the same. Also, this exploratory research draws attention to the gaps in 

theoretical research and practical applications and puts light on some practical constraints collected 

via semi-structured interviews of the practitioners and also lists factors impacting perioperative 

process flow from field research conducted. 

 

CONTEXT DESCRIPTION 

With continuously increasing cost of healthcare and competition among hospitals to deliver 

quality services in an efficient manner, healthcare organizations are under constant pressure to 

maximize the use of available resources in the most cost effective manner and improve efficiency 

and productivity. 
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One of the main and most expensive resource of a hospital is Operating Theatres. Operating 

theatres are of pivotal importance not only because they are the biggest revenue centers to most 

hospitals and 60 – 70 % of all hospital admissions are caused by surgical intervention, but it also 

accounts for more than 40% of the total expenses (Denton et al., 2007). Thus, improving 

productivity and utilization of Operating Room (OR) resources is a key objective for hospitals. 

Although, OR is such a critical resource for hospitals, coordination required between 

various functional units, patient and material flows, hospital policies and financial system and the 

inherent variability makes it a complex system. Monitoring and analyzing patient flow is the most 

critical part of managing or eliminating variability (Dempsey, 2009). Thus, this research focuses 

on a detailed study of patient flow throughout the perioperative process. The hospital, even though 

not having capacity constraints was facing disruptions in planned schedule because of various 

factors. These factors were further analyzed and are explained in this analysis. From the extensive 

data analysis, detailed study of patient flow and semi-structured interviews conducted with 

different stakeholders of the hospital management, I comprehend that a systems perspective of the 

entire perioperative process flow instead of myopic activity level approach is necessary to solve 

the OR management problem. 

RESEARCH FOCUS 

For this research, I used the framework of Van Houdenhoven et al. (2012) for this research. 

They distinguish between four hierarchical levels of planning: strategic, tactical, operational 

offline and operational online planning. It is shown below:- 
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Figure 1 Framework for hospital planning and control (Mark Van Houdenhoven, Erwin W. 

Hans, Peter J.H. Hulshof (2012) 

This serves as a four by four generic framework for healthcare planning integrating four 

hierarchical levels of planning and four managerial areas thus ensuring completeness in OR 

planning and can be used to structure process improvement measures. 

In the context of Operation Theater Management, Strategic level or Case Mix Planning 

level involves OR capacity planning and allocation of capacity in specialties. For example, 

determining the number of operating rooms and specialty equipment to be allocated and creation 

of specialty specific operating rooms etc. At tactical level, slots or Time Blocks (TB’s) are allotted 

to different surgeons or specialties. For example, a Master Surgical Schedule (MSS) is a product 

of this level. Advanced and Allocation scheduling are done at the Operational offline level. 

Advanced scheduling concerns with selection of the day and date of surgery for a particular patient 
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whereas allocation scheduling involves distribution of elective patients within different operating 

rooms and sequencing of the same. An OR operational surgical schedule is a product of this level. 

Operational online level involves tackling of disruptions and operations apart from the delivery of 

planned OR schedule on a day to day basis. It is the responsibility of OR Manager and involves 

coordination of emergency cases, disruptions and delays on a daily basis. This case study focuses 

on Tactical and Operational level (both online and offline). 

A detailed description of these hierarchical levels in context of this case study can be found 

in Chapter 2. 

OBJECTIVES 

The following objectives were formulated for this exploratory case study:- 

1. Detailed study of perioperative process flow starting from request for 

surgery from doctors’ office till the surgery is done and patient is wheeled to PACU 

(Post-Anesthesia Care Unit). 

2. To perform extensive literature review of related studies and assess the 

practical application of the same. 

3. Perform all-encompassing data analysis for different performance measures 

to document baseline performance and drive performance improvement focused 

discussions. 

4. Identifying and analyzing factors that impact perioperative process flow 

from a systems perspective. 

READERS GUIDE 

This thesis is organized into 8 chapters. This chapter serves as an introduction to the 

problem under study which discusses the context description and need of this study briefly. Also, 

the framework describing g focus of this study within the OR planning framework along with its 

objectives are described in this chapter.  
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Chapter 2 provides a brief background overview of OR planning by providing general 

information of the hospital under study and high level process and information flow diagrams. 

These diagrams will help the reader get familiar with perioperative process flow and different 

stakeholders involved in the same. Description of different functional groups and various decisions 

taken at different hierarchical levels within the theoretical framework earlier discussed is also 

covered in this chapter. Finally, a brief description of different scheduling systems most common 

in this industry is discussed. 

In Chapter 3 I explore and review existing literature relevant to the area of study. Emphasis 

is on discussing literature and previous works in the area that most closely aligns with the problem 

statement and this area of study i.e. OR scheduling and factors impacting the same. 

Chapter 4 defines the research questions created for this study and also briefly describes 

different methods that help in answering the same. The chapter concludes with a discussion of 

internal and external validity of this research methodology. 

Chapter 5 presents results of external baseline data analysis done using data obtained from 

electronic data management system of the hospital. This analyses helps in quantifying different 

performance measures and forms a basis for discussing these performance measures later in this 

thesis. These analysis are followed by a brief description of each to further explain their context. 

Chapter 6 presents the findings of field case study performed in this research. High level 

process flow diagrams presented earlier are further broken down into different areas to better 

define perioperative process flow. Interaction and coordination between different stakeholders and 

functional groups is presented along with challenges faced in the same. Practical problems 

encountered in delivering surgical schedule and different factors impacting the perioperative 

process flow at a systems level are discussed. Also, a brief discussion of the semi-structured 

interviews performed with different stakeholders to validate my findings is presented.  

Chapter 7 discusses the performance measures and results of baseline data analysis and 

also summarizes the impact of different factors discussed earlier in this thesis. This chapter serves 
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as a summary of this case study and discusses various factors impacting perioperative process flow 

and various performance improvement measures taken and also results of semi-structured 

interviews conducted to further validate my analysis. Also, a critique of some previous works 

discussed in Chapter 3 which were found from this research is presented in this section. The 

chapter concludes with a detailed process flow diagram summarizing the entire perioperative 

process flow of the hospital with different factors and the stages at which these factors impact the 

same. 

Finally Chapter 8 outlines the conclusion of this exploratory case study and summarizes 

the contribution of this research and provides direction for further research in this area. 
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Chapter 2 Context Analysis 

This chapter describes the context of the hospital under study in detail. First, a brief 

description about the hospital is presented followed by a high level description of the perioperative 

process and information flow.  

PROCESS DESCRIPTION 

General Information 

The hospital under study is a general purpose unit comprising of 6 operating rooms and 2 

catheterization laboratories situated in Kyle, Texas. Specialties served includes Cardiology, 

Cardiothoracic Surgery, Critical Care Medicine, Gastroenterology, General Surgery, Neurology, 

Gynecology, Ophthalmology, Orthopedic, Otolaryngology, Pain Management, Pediatrics, 

Podiatry, Pulmonary Disease, Radiology, Urology and Vascular Surgery. Apart from this, 

various other services are provided at the facility but as my scope of study was concentrated on 

OT management, this study focused on only those services and functional groups that are 

involved in the perioperative process flow. The hospital has a separate inpatient care unit apart 

from the outpatient services provided. Out of the 6 operating rooms present, OR 01 is specially 

equipped and prioritized for open heart surgeries, OR 02 is mostly used for Vascular Surgery 

cases OR 03 and OR 04 are open to all other surgery types and OR 06 is equipped with special 

equipment for cases requiring unidirectional surgeries.  

Regular working hours for operating rooms are from 07:00 am to 03:00 pm. After 3 pm, 

only two rooms are kept open for performing surgery. The hospital also has an emergency 

department and surgeries are also performed after daily working hours as and when required for 

emergency cases or add-ons. 

Also, OR 05 is mostly used for Gastroenterology cases and are not considered in the data 

analysis of surgical cases as they have distinct characteristics as compared to surgical cases and 

thus require different set of planning tools. 
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To give an idea about the volume of cases at the facility, a total of 2770 surgeries were 

performed in the observation period i.e. November 2014 to May 2015. Other details regarding 

case mix and performance measures are explained later in data analysis in Chapter 5. 

 

High Level Process Flow Diagram 

A high level perioperative process flow diagram depicting the work flow and interactions 

between different functional units involved for a performing a surgery is as shown in the figure 

below. 

 

Figure 2 High Level Perioperative Process Flow Diagram  
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The process flow is divided into two parts i.e. Before the DoS and on the DoS and is 

explained in detail in Chapter 6. A high level description of the process to understand the 

perioperative process flow is explained in this section. 

The process starts at the Doctors’ office with consent between patient and doctor to 

perform a surgery. Doctors’ office then requests for a time slot based on time estimate from 

previous similar cases. The hospital has a block schedule that is developed by OR management 

team and is revised as and when required that enables doctors’ to use their TB in order to 

schedule cases. If the TB is not available or doctor doesn’t have a block available, they have to 

openly book available slots outside of booked time block. Also, these TB if unused are released 3 

days before surgery and is open for booking on first come first serve basis. This system is known 

as Modified Block Scheduling and is explained in detail later in this chapter and is contrasted by 

other methods prevalent in the industry. 

After the temporary TB is created by scheduler (soft block), required paperwork is 

received by scheduler from doctors’ office via electronic medium and then the soft block is 

released and patient account is created. 

After the patients’ account is created, patients’ status is electronically visible to Insurance 

and PAT (Pre-Admission Testing) along with respective paperwork received from doctors’ 

office. PAT evaluates, assesses, educates and prepares patients for the surgery and also confirms 

the time and date of surgery whereas Insurance checks authorizations by the insurance provider 

of the patient and clarifies any leftover costs that might be required to be paid by the patient. 

Both these functions rely on the documents received from scheduler electronically and in the 

case of missing or improper data have to coordinate with doctors’ office before approaching the 

patient to ensure safe and quality service. 

The patient file with associated medical records in paper format are then transferred to 

Anesthesia from PAT for ASA verification and Anesthesia preparation and consent. Anesthesia 

was not managed by in house functional group or the hospital management and resources were 
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made available centrally by the hospitals organization affiliation which managed the resource 

allocation and other managerial functions on daily basis. 

Above mentioned functions are done prior to the DoS. Finally a chart is prepared for the 

DoS in accordance of the OR schedule which includes details such as start time of the case, 

patient details including name and age, operating surgeons name, patient characteristics such as 

patient type (inpatient/outpatient) and anesthesia type. Also, procedural room, duration and 

procedure description is present on the chart which serves as a comprehensive list on the DoS for 

different functional groups to plan their functions at operational level. 

On the DoS, patient arrives in pre-op and nurses perform their pre-operative screening 

and prepares patient for the surgery. After completion of this procedure, patient waits in the pre-

op area till he is ready to be wheeled to OR for performing procedure.  

The patient is then wheeled to OR and again requires efficient coordination and 

communication among different functional groups and stakeholders within OR to deliver safe 

and timely care. After, patient is initially prepared for surgery in OR and anesthesia is induced, 

surgeon performs procedure. The time required for surgery to start after the patient enters OR is 

defined as setup time and the time from the closure of incision by surgeon till the patient leaves 

OR is defined as teardown time. Also, the time between a patient’s leaving OR and another 

patient entering is defined as Turnover time. These times are non-value adding, both from 

hospitals and surgeon’s perspective. 

After the patient is wheeled out from OR, he is taken to PACU where he is monitored for 

some time till the patients’ health stabilizes. The time that a patient spends in PACU varies from 

patient to patient. The hospital under study had a limited capacity at this level of 10 bays i.e. at a 

time only 10 patient can be managed in PACU and this may also have an effect on the previous 

stags as it may serve as a bottleneck during peak demand. If further monitoring is required, the 

patient is taken to Phase 2 care or else is admitted or discharged depending on whether the 

patient is an inpatient or outpatient respectively.  
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The scope of this thesis is from the scheduling of surgery from doctors’ office till the 

patient enters PACU and thus bed levelling and availability in PACU and further steps in the 

process flow were not analyzed.    

High Level Information Flow Diagram 

As mentioned in the above section, perioperative process is a very complex system with 

various stakeholders involved and are divided into various functional units. Thus, information 

flow among these different stakeholders is challenging and requires seamless information 

exchange to ensure efficient execution of the planned schedule. A high level information flow 

diagram is as shown in figure 3 and explained below:- 
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Figure 3 High Level Information Flow Diagram 

The information flow also starts with at the Doctors’ office with consent between patient 

and doctor to perform a surgery. Once the need for surgery is established, various documents 

including Scheduling sheet, Physicians Order, Patients Health & Physical (H&P) forms and a 

copy of insurance card are collected by the doctors’ office. These documents are sent to the 

scheduler in hospital via fax or directly sent to the pre-op in case of emergencies.  

The scheduling office releases soft block upon receipt of these documents in electronic 

form. These documents are then shared internally by the scheduler and are made available to 

PAT and insurance for further processing and formalities. Thus, the scheduler is the primary and 

only point of contact for information flow between doctors’ office and hospital except in the case 

of emergencies. Also, if any documents or relevant information is missing that is required by any 
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other functional group, the same flow of information from doctors’ office to scheduler and then 

further is repeated.  

Thus, electronic distribution of information is done only through the scheduler. If for any 

reason such as missing data etc., sharing of information between PAT and insurance with the 

Doctors office is required, it is done via telephonic conversations. Also, PAT and insurance 

ideally coordinate with the patient before the DoS regarding status of their surgery and this 

communication is also done via telephonic conversations.  

After performing the pre-admission testing of the patient via telephonic conversation, the 

patient’s file with all documents attached and filled with details from PAT are forwarded to 

Anesthesia for their processing and further analysis of a patients surgical needs. This 

communication is done only in paper format and electronic data transfer is not utilized in the 

same. 

After completion of all documentation required before the DoS, the patient file including 

all relevant paperwork is forwarded to pre-op on the DoS. Also, the information exchange of 

patients’ status and pre-surgery information is then entered electronically by the pre-op nurses 

and also actual status of the patient including time stamps of entry to pre-op, wheel-out time to 

OR etc. are entered by the pre-op nurses.  

Apart from this required flow of information, extensive communication is necessary 

within different functional groups on the DoS to ensure safe and efficient delivery of surgical 

schedule. The communication within various functional groups and also within the OR is 

discussed in Chapter 6.   

 

THEORETICAL FRAMEWORK 

 I used the framework of Van Houdenhoven et al. (2011) as shown in figure 1 

earlier. This section describes this framework in detail with reference to the hospital. 
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Strategic Planning 

At the strategic level, decisions regarding capacity planning in terms of number of OR’s, 

working hours, specialty served and procurement of special equipment etc. are made. Such 

decisions are made at the management level on an infrequent basis.  

For the hospital, 6 ORs were present with regular working hours of 7 am to 3 pm and 2 

ORs available for functioning after that. Most of the cases are scheduled during weekdays but in 

case of emergency or Doctors requirement and requests, cases can also be scheduled for 

weekends and after normal working hours of the facility. Also, special equipment such as C-Arm 

(2 Nos. available currently in the hospital) etc. were procured and installed in ORs and cases 

were scheduled keeping these constraints in consideration. These decisions require significant 

planning at senior management level and was out of scope of this research. 

Also, pre-op facility included 11 bays for patients to stay before being wheeled to their 

respective OR’s and for performing pre-operative assessment. The capacity of pre-op was more 

than the current requirement and incorporated future increase in capacity. 

PACU included 10 bays for patient care post-surgery and was listed as one of the 

potential bottlenecks with increasing patients in the semi-structured interviews conducted as it 

controls the flow of patients in the perioperative process flow on the DoS.  

Other facilities/resources that were decided at Strategic level and have an impact on OT 

management included 2 catheterization laboratories and an emergency department to account for 

emergency cases and services. All ORs were available for elective scheduling i.e. no capacity 

was reserved separately for emergency cases and they were managed by the OR manager on a 

case to case basis.  

Tactical Planning 

At this level, allocation of TBs to different specialties/surgeons are done. These decisions 

were also taken on an infrequent basis. For the hospital, the output of planning at this level was a 
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detailed block schedule with TBs divided among different surgeons who performed surgeries 

frequently in the OR. TBs were divided only to the surgeons and not for the specialties. These 

time blocks got released 3 day prior to the date of surgery if not utilized by the respective 

surgeon and then were available for booking on first come first serve basis. The block schedule 

was developed for a weekly basis and was cyclic in nature. Different surgeons who performed 

procedures in the OR frequently were allotted different TBs in specific ORs. These TBs were in 

built in the electronic surgery scheduling system of the hospital and assists the scheduler to 

schedule cases on a daily basis. Some open blocks were also kept for surgeons who didn’t had 

scheduled TBs in the system. 

These time blocks were allocated by the perioperative management team of the hospital 

in consultation with surgeons. Factors considered by the hospital management at this level 

included historical data regarding volume of surgeries performed by the surgeon in the facility, 

financial factors, preference of surgeons regarding day and length of TB required and other 

political and organizational factors. Thus, this stage involved complex interaction of both human 

factors and hospitals financial as well as organizational policies.  

Also, planning of resources and rostering is done at this level. For the hospital, resources 

such as Pre-Op and PAT nurses, PACU nurses, Circulatory and Scrub nurses were allocated by 

the OR manager and were flexible dependent on the case load on a day to day basis. Their 

allocation was done at this level but their shifts etc. were decided in the operational level after 

considering the case load of OR. Other resources such as Anesthesia and Radiology were not 

allocated by the OR manager but were managed by the centralized management team and made 

available adequately as per case volume. Thus, factors regarding availability of resources were 

not considered for creating operational schedule and if required temporary resources were 

arranged by the hospital as and when required. 

Also, in order to avoid overtime of resources on a daily basis, all nurses and OR staff 

worked in shifts i.e. morning and evening so that resources are always available for any case 
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requirement. However, morning shifts included more personnel as compared to evening or night 

shifts (if need be) and cases were scheduled accordingly to utilize available TBs in morning slots 

as much as possible. 

Operational Offline Planning 

At this level, OR operational schedule is prepared by the scheduler on a daily basis. 

Decisions taken at tactical level have a significant impact on the efficient functioning of this 

level. Only elective cases (cases that are scheduled in advance before the day of surgery) are 

planned at this level. High coordination among different functional groups is required to achieve 

desired output at this level.  

The two main functions performed at this level can be divided as Advance scheduling 

and Allocation scheduling. Advance scheduling involves fixing of the date of surgery for the 

patient and allocation scheduling involves choosing of OR and start time of the surgery. 

For the hospital, advance scheduling was not done by the scheduler as case volume was 

not as high as the available capacity. Thus, Date of Surgery (DoS) was decided by surgeon in 

consent with patient and communicated to the scheduler who made a soft block of TB if a slot 

was available on the day requested. If the TB was not available on the date and time requested, 

an alternate day or time was chosen by the surgeon with the help of scheduler. OR selection and 

other schedule optimization heuristics (mentioned later) were done by the scheduler based on 

directions and policies set by management. Also, as mentioned earlier, TBs were reserved by 

scheduler based on the block schedule in built in the scheduling system that is prepared at 

tactical level. 

Also, in-house resource availability was not considered at this level and cases are 

scheduled as requested and then in-house resources are accordingly arranged. Other restrictions 

such as Equipment clashes and availability are checked by scheduler in order to avoid clashes on 

the DoS.  
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Only after surgeries are scheduled at this level by the scheduler, further activities in the 

process flow can be performed by other stakeholders as the scheduler is the single point of 

contact between Doctors office and hospital resources for information flow and data exchange. 

Thus, it is a very critical element of the perioperative process flow and requires high 

coordination and planning to deliver efficient output at this level. For the hospital, scheduling of 

elective cases at this level was performed by the scheduler and factors such as priority of cases, 

time estimate to be blocked etc. were adopted on the basis of management policies adopted by 

the hospital. A major source of disruption for the hospital at this level was scheduling of add-on 

cases. Add-on are cases that are scheduled after the cut-off period of block scheduling (3 days in 

this hospital’s case) and is incorporated in the OR schedule in the available TBs that remained 

unused or overtime if need be after the preparation of operational schedule of elective cases. 

These cases and their implications are discussed in detail in chapter 7. 

Operational Online Planning 

This is the final level of planning required and is generally performed by OR Manager. 

Monitoring and control of planned schedule done in operational online level is done at this stage. 

Also, decisions regarding any disruptions and required last minute updating and changes in 

schedule are taken at this level.  

Another key function taken care at this level includes scheduling and management of 

emergency cases and add-ons. As explained later, the hospital had more than one-third of the 

case load as add-ons and emergency cases and thus very high coordination and flexibility in 

schedule is required to ensure desired quality of care at this level. To tackle variability or 

disruptions on a daily basis the hospital had extra capacity in OR, planned for extra resources 

including nurses etc. and had a manual monitoring and tracking process that involved updating 

of board of cases in pre-op and electronic system outside OR that tracked the status of patients 
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on the DoS. Thus, all functional groups relied on these sources to understand any disruptions that 

happened on the DoS from the planned operational schedule. 

Other decisions such as flip flopping (use of multiple OR for same surgeon to avoid 

wastage or non-value adding turnover time) are taken at this level too. Also, whenever major 

delays or disruptions etc. such as cancellations occur, decisions are taken at this level to manage 

changes in schedule. Furthermore, this level requires a flexible and robust schedule, availability 

of resources and detailed tracking of patient status on the DoS in order to ensure efficient 

delivery of services. Thus, this level involves reacting to the variability inherent in perioperative 

process flow as opposed to other levels of planning which aims at proactively reducing the same.  

MAJOR SCHEDULING SYSTEMS 

Different scheduling systems are adopted in various hospitals in the industry to tackle the OR 

scheduling problem. Patterson (1996) studied three scheduling systems that are most prevalent in 

industry and literature i.e. open scheduling, block scheduling and modified block scheduling. 

These are discussed below in detail along with detailed description of scheduling system 

incorporated by the hospital. 

1. Open Scheduling – This system adopts scheduling of surgeries on a first come first serve 

(FCFS) basis. Thus, this system works on the convenience of surgeons and no TBs are 

blocked in the system. Based on case load, staffing of resources etc. are decided by the 

OR management. This system is more flexible and finds better assignment of TBs as 

compared to other systems but is not widely used in the industry. Even though it 

simplifies the objectives of surgeons for scheduling cases, it has an inherent disadvantage 

that it requires extensive planning and coordination and fulfilment of all objectives of 

involved functional groups on a daily basis.  

2.  Block Scheduling – In this system, TBs are booked for various surgeons or specialties in 

advance and then the cases on a daily basis are booked in these slots. Thus, this system 
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involves two steps for scheduling cases. In the first step block schedule of Master 

Surgical Schedule is developed which is a cyclical schedule in which available TBs in 

different ORs are booked and assigned to various surgeons or specialties. In the second 

step, surgeons or specialties assign their cases on a daily basis to these blocks booked for 

them. In theory, surgeons or specialty groups own their TBs and cannot be used by 

anyone else. This is more widely used system especially in private hospitals. 

3. Modified Block Scheduling – In this system, block scheduling explained above can be 

modified in two ways. Either some TBs are booked for different surgeons and surgical 

cases and the rest of the available TBs are kept open on a FCFS basis or TBs that 

remained unused after a specified cut-off period are released for use on FCFS basis for 

other surgeons or surgical groups. 

The hospital incorporated Modified Block Scheduling as their default scheduling 

system. Thus, as mentioned earlier TBs were booked for different surgeons in the system 

and the allocation of TBs were decided on an infrequent basis considering various 

organizational, financial and human factors and a cut-off period of 3 days was adopted 

for all specialties to release TBs if unused. Thus, 3 days before DoS, unused OR time was 

released for booking on an open basis.  
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Chapter 3 Literature Review 

This chapter provides a review of existing literature in the field of OR scheduling and 

factors impacting it and thus the literature review is divided into 6 categories i.e. Patient and 

Case Mix, Surgery Duration, Scheduling Heuristics, Master Surgery Schedule, Add-On 

Scheduling and Lean and Six Sigma in Healthcare. These 6 categories represent different aspects 

of surgery scheduling which were most relevant to our case study and thus an extensive analysis 

of existing works and their alignment with practical applications was done and is discussed 

below. 

PATIENT AND CASE MIX 

Patients have different characteristics depending upon various factors and have been 

classified as mentioned in the following review of literature.  

Cardoen et al. (2010) in their review of operational research in Operating Room (OR) 

planning and scheduling divided patient characteristics into elective patients i.e. patients for which 

surgery can be planned well in advance including outpatients (patients that leave on the Day of 

Surgery (DoS)) and inpatients (patients that are admitted back in the hospital) and non-elective 

patients for which surgery is unexpected and has to be performed as soon as possible including 

urgent and emergent cases. Emergency cases are the one that have to be operated on the highest 

priority as soon as an OR gets available and urgent cases include those procedures that have to be 

performed in a short period but are prioritized below urgent cases. Oostrum et al. (2008) 

categorizes surgical patients into 3 categories i.e. elective cases that occur frequently, elective 

cases that occur seldom and emergency cases. Guerriero and Guido (2011) present another 

category apart from ones mentioned above as add-elective cases and characterize them as elective 

patients scheduled to fill up remaining of OR time. They included add-elective, emergency and 

urgent cases to collectively call them add-on cases. Similarly, Pham et al. (2006) also consider 

add-on cases including emergency cases, urgent cases and add-elective cases and schedule them 
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depending on their nature e.g. immediately for emergency cases on the day of surgery or some cut-

off time for add-elective cases to be performed next day. Zonderland et al. (2010) studied the trade-

off between cancellations of elective surgery due to semi-urgent surgeries and unused OR time 

due to excessive reservation of OR time for semi-urgent surgeries. They defined semi-urgent 

surgeries as the one that are required to be performed soon but not necessarily on the same day at 

which the case arrives.  

These patient characteristics, although represent major distinction in patient classes, fail to 

account for the set of cases that are scheduled after the operational schedule is prepared and 

released. These cases, hereafter referred to as add-on cases, are elective cases scheduled after the 

cut-off period of block scheduling is released in a MSS and are filled in the remaining OR time or 

in some cases even in overtime if need be. Though they have similar characteristics as add-elective 

cases, key difference between them is that add-elective cases are planned cases that are included 

in OR schedule to fill gaps and improve OR utilization whereas add-ons have inherent stochasticity 

in terms of patient and case mix, arrival rate and pre-admission testing and other pre-operative 

formalities required and are scheduled on surgeons/surgical specialty’s demand on a very short 

notice after the cut-off date for block scheduling is over.  

SURGERY DURATION 

Predicting surgery durations is one of the most critical factors in achieving operation room 

efficiency. Delay in duration may cause the later cases to get delayed causing a domino effect and 

cases getting completed early than scheduled may lead to under-utilization of expensive OR time 

and resources. Thus, both cases lead to suboptimal use of OR. Traditional methods of predicting 

surgery duration involve either using arithmetic mean or human approximation based on 

experience. 

Although, arithmetic mean is the most widely used duration prediction system in the 

industry, Zhou et al. (1999) in their analysis of finding the efficiency of this approach, used surgical 
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data for 1 year to count these surgeon-procedure specific data and used the estimated variance 

components in a simulation study to assess the accuracy of this approach. They found that 

predictions were impaired as around 37% of the cases in tertiary surgical center and around 29% 

of cases in ambulatory surgical centers did not had any surgeon-procedure specific data in that 

year. Also, for the cases in which adequate data was available for predicting future surgical time, 

only decreased the average delay time by a few minutes. Thus, they conclude that OR managers 

should first assess the availability of historical data and even if enough data is available, relying 

solely on them is an inefficient strategy.   

In another study regarding relative frequency of ambulatory surgical cases performed in a 

year in United States, Dexter et al. (2000) found that approximately one third of all these 

procedures or combination of procedures were performed as infrequently as once per year in a 

particular facility which could significantly impair the accuracy of effectiveness of using historical 

data to predict case duration. In Dexter et al. (2002), they did an analysis to calculate sample size 

required for pooling surgical case durations among different hospitals to create a 90% probability 

of having historical case duration data for almost all procedures. They used data from 4 academic 

medical centers categorized by scheduled CPT codes and focused on obtaining a sample size of at 

least 3 historical cases for each procedure to estimate average duration for each case. Their analysis 

concluded that millions of cases would be required to be pooled for  and as such pooling data 

between small and moderately sized healthcare facilities will not lead to adequate sample size to 

predict data accurately leading to OR efficiency.  

Dexter et al. (2001) used historical case duration data to schedule a slack between two 

surgeons’ cases in the same OR on a particular day to minimize overutilization or overtime of OR. 

They include calculation of an upper prediction bound for the duration of second surgeons’ case 

for the same. Using simulation they showed reliability and accuracy of using this approach. 

Macario et al. (1999) argue that if no recent surgeon-procedure specific historical data is available 

for duration prediction, calculating mean of procedure duration by other surgeons gives the same 
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accuracy as other sophisticated techniques and thus draw attention at further research required in 

this area.    

Eijkemans et al. (2010) argue that surgery duration prediction by surgeon’s or historical 

averages of procedures performed have limited accuracy. They devised a prediction model in 

which factors were surgeons estimate, number of planned procedures, number and experience of 

surgeons and anesthesiologists, patients’ age and sex, number of previous hospital admissions, 

body mass index and eight cardiovascular factors. They retrospectively analyzed performance of 

this model with respect to surgeons model and found that their model leads to a reduction in under-

utilization and over-utilization of cases and thus less slack is required to be planned in the schedule 

leading to better OR utilization.  

In a similar study, Strum et al. (2000a) used data mining approach to find factors 

contributing to variability in surgery durations. From their retrospective data analysis, they 

conclude that the surgeon effect is the biggest source of variability in predicting surgery duration 

which increased in proportion to procedure duration. They argue that this may be because of the 

fact that different surgeons work at relatively constant but different rates which is independent of 

total duration of a procedure. Their analysis also presented other remarkable findings such as 

intrinsic case-specific variation for shorter surgeries being higher than longer surgeries. They 

suggest the reason behind this may be because of start-up delays in shorter surgeries, though 

directly not counted in procedure duration, and may affect it because of variable factors such as 

changing patients and personnel. Other factors serving as sources of variability in their analysis 

included type of anesthesia, age, gender and ASA status of patient.  

Stepaniak et al. (2009) looks further into possible dependence of procedure factors like 

age, experience, gender, and team composition. They found that most significant factor was team 

composition and experience of a surgeon and that gender of surgeon had almost no impact by using 

ANOVA.  
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Strum et al. (2000) conclude that lognormal distributions fit surgery duration data better 

than normal distributions. Similar conclusions were made by Hancock et al. (1988). Similarly, 

Zhou et al. (1998) in their study of identifying “holes” in OR schedule to fill it with add-on cases 

studied “upper prediction bound” i.e. the probability that the duration of particular surgeons next 

procedure will be less than or equal to this bound. They concluded that these prediction bounds 

for surgeon and procedure specific cases can be accurately calculated using case durations that 

follow a log-normal distribution. They further argue that log-normal distribution is adequate to 

describe distribution of case duration for a particular surgeon and procedure because of their basic 

characteristics of case duration always being greater than zero and outlier cases tend to have a 

significant delay in their procedure time representing characteristics of log-normal distribution 

closely. Shifted log-normal distribution (3-logN) is used in Strum et al. (2000 a) and Stepaniak et 

al. (2009 a) as surgical procedures require a positive start time. Stepaniak et al. (2009 a) found that 

3-parameter log-normal distribution is the best fit for case durations of CPT-anesthesia (surgeon) 

combination. This fit is best suited for surgical time and somewhat less for total procedure time 

i.e. patient in OR time. They propose that using this distribution for predicting case duration 

significantly reduces prediction error and increases OR efficiency. 

Li et al. (2009) proposes a linear regression and a log-linear regression model using CPT 

codes as the explanatory variables. They also utilize log-normal distribution to represent case 

durations and their proposed model can accept any combination and any number of CPT codes. 

Their model, though providing extremely valuable insights and solution approach, misses other 

factors such as surgeon factors and anesthesia type etc. that have been proved equally important 

in the previous work as mentioned earlier.       
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SCHEDULING HEURISTICS 

Various scheduling heuristics and ground rules have been used in literature and case studies 

to improve the scheduling of surgeries in order to achieve maximum throughput in most 

economical manner to balance under and over utilization of OR’s on a particular day.  

Dexter et al. (2002) investigated scheduling a new case into an OR by using two patient-

scheduling rules: Early Start Time and Latest Start Time and tested the same using historical case 

duration data from two facilities in computer simulations to investigate the effect of errors in case 

duration prediction on the performance of these two heuristics. They define early start time as 

scheduling of case into the OR with the earliest start time and latest start time as scheduling of 

cases in an OR with the latest start time that is sufficiently early to allow case to finish within the 

scheduled OR working hours. They argue that earliest start time is economical when the service 

has nearly reached its capacity for the day in terms of scheduled working hours of OR. However, 

latest start time balances workload among different ORs. Their basic assumption of this model was 

incorporating deterministic surgery durations or duration that won’t have much variation from the 

predicted duration.  

Dexter et al. (1999) found using a simulation model that large increases in OR utilization 

are unlikely to occur even if duration prediction error, turnover time variability and day to day 

variation in number of add-on cases are minimized. Their analysis showed that most significant 

factor is the day of surgery and matching the OR case load with OR personnel scheduled to work. 

They used “on-line bin packing algorithms” i.e. a patient is given a surgical date as soon as he 

requests it without waiting for subsequent patients to schedule cases in a block. Algorithms used 

included Next Fit (the case is fit into the block that permits surgery to be performed as soon as 

possible), First Fit (The case is scheduled into the block that (has at least one case in it, has enough 

additional time available for the new case and will permit surgery to be performed as soon as 

possible), Best Fit (The case is scheduled into the block that has at least one case in it, has sufficient 

additional time available for the new case and has the least amount of additional time available) 
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and worst fit (The case is scheduled into the block that has at least one case in it, has sufficient 

additional time available for the new case and has the most amount of additional time available). 

The results showed that Next fit algorithm had the best results and was simplest for adopting.  

Strum et al. (2000) argue that to reduce variability in the surgical schedule, longer surgeries 

should be scheduled first or earlier in the day so that the to follow shorter surgeries can be 

dynamically added or deleted based on overutilization or underutilization leading to cost savings. 

Their study found out that intrinsic case-specific variability for shorter cases is higher as compared 

to longer cases. A likely reason according to their analysis can be because unmeasured variability 

gets added to short procedures because of frequently changing patients and OR personnel whereas 

in longer surgeries, the OR staff may learn to adapt to one another which leads to high efficiency 

and thus low variability. 

In a critique of this study, Lebowitz (2003) argues that scheduling shorter surgeries leads 

to better OR efficiency as they have less inherent variability as compared to longer procedures. 

They used a simulation model and simulated various scenarios and best OR efficiency was realized 

when the OR was used for short surgeries only. They further put valuable insights into 3 strategies 

for scheduling cases which are:- 

a. Good logistics management including staffing, equipment availability and clash 

detection 

b. Scheduling surgeon-procedure combinations that are commonly performed and thus 

have adequate data available earlier in the day to reduce variability in the execution of 

rarely performed surgeries. 

c. Scheduling the shorter surgeries earlier. They back this strategy by proving 

mathematically that as most of the durations is calculated via calculating mean from 

historical data, shorter surgeries tend to have smaller standard deviation and thus low 

variability. 



27 

 

Many rules and heuristics have been studied to make changes to surgical schedule in 

operational online level. Wachtel et al. (2009) use various interventions such as moving cases to 

different ORs later in the day in case of delays, recalculating start times after determining average 

delay in first case of the day, recalculating surgical schedule to correct for procedure specific 

variability in case duration and scheduling a slack between two surgeons if the day is expected to 

end earlier. They conclude that these interventions have a noteworthy impact if they include more 

cases and generating a modified schedule on the DoS that incorporates changes from actual causes 

of tardiness can significantly reduce patient and to follow doctors’ waiting time. 

   In their previous work Wachtel et al. (2009) found that average tardiness on the DoS does 

not depend on individual case duration of preceding cases or on relative number of long or short 

cases scheduled. It depended on the total duration of the procedure (including setup and teardown 

time), expected over-utilized or under-utilized time increasing when the staff believed day will 

end early and decreasing when they believed it will run into overtime and was also dependent on 

the service-specific case duration bias. They also found that tardiness was not affected by 

prolonged turnovers or whether or not the same surgeon continues in the OR or is followed by 

another surgeon. 

MASTER SURGERY SCHEDULE  

In the review of existing literature, elective patient planning and scheduling is rather vast 

as compared to non-elective scheduling (Cardoen et al., 2010). Even though urgent or non-elective 

cases are a large source for variability adding to other stochastic elements of perioperative process 

flow including uncertain surgery duration, variability can still be managed by intelligent 

scheduling of elective cases (Oostrum et al., 2008).   

Master Surgical Schedule (MSS) which is usually a cyclical schedule proactively 

delineating time blocks of each OR to different surgical groups or surgeons is the main product of 

planning at tactical level. Various organizational factors and historical data is used to develop the 
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same. Decision regarding how much operating time is designated to each surgeon/specialty is 

decided at strategic level and development of MSS or when the surgeon/specialty gets the 

operating room time is decided at Tactical level and these schedules are usually built for periods 

ranging from 6 months to 3 years (Belien et al., 2005).  Different MSS approaches have been 

studied in literature with different objectives. Belien and Demeulemeester (2007) developed MSS 

leading to leveled bed occupancy thus minimizing the shortage of beds as their primary objective. 

In their continuing work, Belien et al. (2009) using mixed integer programming take 3 objectives 

namely resulting bed occupancy at the hospitalization units, a particular OR is best allocated 

exclusively to one group of surgeons having the same specialty and MSS should be as simple and 

repetitive as possible. Blake et al. (2002) developed an Integer Programming model to assign ORs 

on specific days with the assumption being target hours to be allocated to each surgical group has 

already been decided i.e. using integer programming to ensure an equitable method of distributing 

time blocks to different surgical groups within the fixed amount of OR working time. Van 

Houdenhoven et al. (2008) developed a cyclic MSS and use planned slack to deal with uncertain 

procedure durations, Vissers et al. (2005) developed a mixed integer linear plan to develop a 

cyclical MSS for Cardiothoracic surgery planning.  

In MSS each surgery is scheduled based upon its frequency per cycle and surgery types 

that cannot be scheduled repetitively are put together in so-called dummy surgeries and a lot of 

narrowly defined surgery types falls in this group thus minimizing efficiency of MSS. Oostrum et 

al. (2011) propose a method using Ward’s hierarchical cluster method to obtain surgery types that 

minimize the weighted sum of the dummy surgery volume to counter the problem. Also, Kharraja 

et al. (2006) present an interesting perspective by analyzing two different approaches of MSS i.e. 

MSS that fitted in block scheduling and modified block scheduling approaches. They test two 

approaches in which the blocks are scheduled for particular surgeon and in the alternative approach 

blocks are booked for surgical groups shared between different surgeons of the same specialty. 

They propose that the second approach gives better results than the previous one.  
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Oostrum et al. (2008) discuss the pros and cons of MSS and address various 

implementation issues of MSS and discuss its suitability with different organizational units. In 

their comprehensive discussion of advantages and disadvantages of centralized and decentralized 

planning approaches, they conclude that even though centralized planning approaches offer very 

little anatomy to surgeons as it is planned centrally and requires substantial amount of data and 

workload at tactical level, resulting schedules are more robust and have high utilization as 

compared to decentralized planning approach which offers full autonomy to surgeons but requires 

very high coordination between surgeons, surgeon and hospital and also is not robust against 

surgeons trying to cheat the system by claiming more OR time than actually required thus leading 

to lower resource utilization. They also discuss the necessary steps in successful implementation 

of MSS in a hospital and conclude that MSS can be successfully implemented in delivery based 

and procedure based focused units and specialty based focus units with low sub specialization or 

high sub specialization combined with large patient volumes and moderate case mix variety. They 

also comment that feasibility of MSS for a general purpose unit depends on patient case-mix, 

volume and number of specialties. 

 

ADD-ON SCHEDULING  

As discussed in literature review of patient and case mix earlier, add-ons are characterized 

by cases that are scheduled to fill gaps in OR schedule after the cut-off period for block scheduling 

is released for improving OR utilization but add-ons have inherent stochasticity in terms of patient 

and case mix, arrival rate and pre-admission testing and other pre-operative formalities required 

and are scheduled on surgeons/surgical specialty’s demand on a very short notice after the cut-off 

date for block scheduling is over.  

The literature on scheduling of add-on cases is very limited. All the work found in this area 

focuses on improving OR utilization by scheduling add-on cases in operational schedule. 10 

different algorithms including both online (in which cases are scheduled in the order they arrive) 
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and offline (in which cases are batched before they are scheduled) were studied by using a 

simulation model by Dexter et al. (2009). In offline scheduling, they also included ascending and 

descending algorithms to account for variability in scheduling of longer or shorter duration 

procedures earlier in the day. One of the assumptions of their model was that each add-on is 

scheduled by a different surgeon and thus can be scheduled independently of other cases and all 

offline cases are considered simultaneously at a specified cut-off time whereas this assumption 

does not reflect practical set-up. Also, Dexter et al. (1999) considered add-on cases as “holes” in 

the OR schedule in which to assign them to improve OR utilization and throughput. They put forth 

that in order to achieve efficient scheduling of the same, it is necessary that OR manager knows 

the typical and maximum or upper bound of time that the case is likely to occur. By testing 3 years 

of historical data, they concluded that prediction bounds for such cases classified by scheduled 

surgeon and specific procedure can be more accurately calculated using a method that assumes 

log-normal distribution for case durations. These limited studies, though providing a valuable 

insight, fail to account for the impact of scheduling these cases at a systems level and focus on 

myopic activity level of scheduling add-ons to fill gaps in the block or surgical schedule for the 

DoS not considering the effect and pre-requisite activities required to ensure as-planned delivery 

of these cases on the DoS.   

LEAN AND SIX SIGMA IN HEALTHCARE 

Lean manufacturing emphasizes on increasing efficiency, decreasing waste and using 

innovative ideas and methods rather than traditional methods. Recently a lot of studies have 

focused on using these principles in healthcare and OR planning to improve efficiency and reduce 

operating expenses simultaneously.  

Simon and Canacari (2012) presented a comprehensive study of lean tools and 

management principles and its applicability in healthcare improvement projects from their case 

study. They assert that having all key stakeholders and different disciplines is essential to gain 
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understanding and appreciation for each other’s role in perioperative process and helped the team 

get the desired results. Some of their accomplishments included development of an efficient, 

accurate, and timely orthopedic scheduling process by the project team, reduction in cancellations 

on the day before and on the day of surgery, reduction in procedure sequence changes and 

increased patient satisfaction.  

Kimsey (2010) used Plan, do, Check, Act (PDCA) and A3 thinking leading to improved 

teamwork, creation of user friendly work areas and processes, increased staff empowerment and 

involvement and streamlining the supply chain within the perioperative area. 

Glover et al. (2009) applied lean principles to improve turnaround time and first case starts 

in OR. Some of the process improvement measures they used to achieve their objectives were 

using a 5S process for daily supplies and equipment, reducing unwanted inventory, improved 

layout and flow of case picking area and improved communication with the doctors’ office. 

Fairbanks (2007) used six sigma and lean methodologies to improve OR throughput and 

overall patient satisfaction. They achieved their objectives by focusing on orthopedic and general 

surgery procedures because of their high volumes, creating a SIPOC or process map and 

brainstorming the same and data driven analysis to understand the scenario. The results included 

increased on time starts of first cases of the day and reduction in turnaround time leading to better 

throughput and improved patient and surgeon satisfaction. 
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Chapter 4 Research Methodology 

Singleton and Straits (2005) put forth that proper research methodology is required to 

develop a systematic method for data collection leading to more trustworthy outcome of the 

research. This chapter describes the methodology adopted for this research and the reason behind 

the same.  

Exploratory research methods are usually used in social science research for a problem that 

has not been clearly defined. Also, it relies primarily on secondary research such as review of 

existing literature and previous similar works, case studies and focused observations and 

discussion with relevant stakeholders. Thus exploratory research methods were adopted in this 

research as perioperative process flow at systems level is a poorly understood topic that requires 

better definition and understanding for future research efforts. 

From the extensive literature review discussed in Chapter 3, I did not find any existing 

perioperative process flow diagram at the systems level which can be used as a basis for this 

research and thus I started working on documenting and formulating the perioperative process 

flow diagram from my field research and semi-structured interviews for the hospital. Also, as 

mentioned earlier, it was found that most of the literature focuses on myopic activity level 

improvements with limited criteria or performance measures and thus I realized the need for a 

comprehensive list of factors that impact perioperative process flow at different stages. 

These limitations and other gaps in the literature discussed in Chapter 3 and also from my 

field research helped us formulate objectives of this exploratory research as mentioned in Chapter 

1 earlier and these objectives formed the basis for formulation of my research questions which are 

as summarized as follows. 
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RESEARCH QUESTIONS 

 Following research questions are formulated for this study:- 

1. How can I document the perioperative process flow of the hospital? 

2. What factors (controllable and uncontrollable) have an impact on the 

perioperative process flow? 

3. What are the gaps in literature that inhibits the application of theoretical 

models to practical problems faced by OR Managers? 

 

Various methods used in social sciences research were used in this exploratory research 

including content analysis, semi-structured interviews, focused group discussions and a qualitative 

field research. These methods helped us collect information that reflects the opinion and views of 

practitioners and serves as a foundation of future research in this area. 

The following section explains the different methods used and the methodology and 

contributions of each method adopted. 

The team first started with documenting the baseline performance by analyzing 

performance measures over a 2 month period before the start of project. This analysis formed the 

baseline measure to analyze improvement over the period of study.  

After documenting these measures an extensive literature review and content analysis was 

done to understand current state of literature and their applicability to my case study. The review 

of existing literature was done and all aspects of surgery scheduling were covered with the aim of 

understanding the current state of knowledge in the area of study and understanding the theoretical 

framework to better align this field research with the same. A brief discussion of the review 

conducted is presented in Chapter 3. 

Building up from these gaps in theoretical and practical application of the same, an 

observational field study was done to analyze perioperative process flow from a systems level and 

the patient and information flow through different stages of perioperative process. In order to do 
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the same, the team conducted an observational study and the researcher studied different process 

elements in detail by observing the patient flow and making field notes of the same. These notes 

later helped the team to drive focused group discussions, verify the applicability of findings of 

literature review to this case study and formed the basis of semi-structured interviews to further 

substantiate the findings of my study. It also helped the team in devising the detailed perioperative 

process flows and validation of the same through the team members. These process flows are 

described in detail in Chapter 2 and 6 and forms the basis of this exploratory research. 

Apart from these methods, extensive data analysis including various performance measures 

were done using data that was collected through the electronic data management system of the 

hospital and a detailed description of the same is mentioned in the following chapter. This analysis 

helped the team to analyze performance measures and drive focused group discussions among the 

stakeholders. A detailed description of the data analysis done and its results is explained in Chapter 

5. 

This data analysis was used to conduct focused group discussions which comprised of key 

decision makers and representatives of different functional groups within the hospital. As a part of 

team from the hospital were, Director of perioperative services, Director of clinical quality, 

Clinical Manager of perioperative services, Operations Manager. Also, scheduler, insurance 

representative and representative of Surgeon’s council were occasionally present in the meetings 

to discuss current performance measures and give their valuable feedback regarding process 

improvement measures and data analysis performed. These focused group discussions occurred 

biweekly on an average and helped the researcher to get a qualitative insight into how the group 

of practitioners viewed the issues and inconsistencies and variation of the interpretation of results 

among different stakeholders. Also, these discussions helped us to design questionnaires for the 

semi-structured interviews conducted. 

Finally, semi-structured interviews with key decision makers of different functional groups 

were conducted to understand closely the role and responsibilities of each functional groups and 
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coordination and process flow between different groups. Questions devised for the same were 

generated from field study, focused group discussions and literature review conducted. A key 

contribution of this methodology was in understanding and documenting the views of different 

stakeholders of the same problem within the perioperative process flow. Findings of field study 

were also validated during this stage and some recommendations regarding performance 

improvement measures were recorded so as to help us better understand the practical perspective 

of practitioners and application of theoretical process improvement measures in industry. 

The research methodology explained above provides a framework of this research. The 

following section summarizes the validity of my research approach:- 

 

1. Internal Validity - The capacity of a research design to sustain the causal 

conclusions that we claim for it reflects its internal validity (de Vaus, 2001). As 

providing internal validity is only important for explanatory studies and not for 

exploratory research (Yin, 1994). Thus this test was not applicable to this research 

design. 

2. External Validity - External validity refers to the extent to which our 

findings and results can be generalized outside our study area (de Vaus, 2001). For my 

research design, different stakeholders having different backgrounds in terms of 

functional groups, years of experience and organizational setting were part of the team 

thus ensuring generality of my findings. Also, results of this study will guide research 

into new domain of assessment of impact of various factors on perioperative process 

flow. Thus, future research in this area will also document reliability of my research 

findings. 
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Chapter 5 Baseline Data Analysis 

This section provides the results of data analysis done using data obtained from electronic 

data management system of the hospital which had a well-established data collection system that 

comprehensively collects data for various stages of perioperative process from creation of case till 

patient discharge. I used data from November 01st, 2013 to May 31st, 2014 for this analysis and 

divided data analysis into various distinctions to gauge performance measures. This period of 

analysis was decided by the team keeping in consideration the interventions that were taken before 

November and to keep the data set current to monitor current performance and concentrate 

improvement measures on the same. 

A total of 2770 cases were documented during this period. Out of these, 565 cases were 

catheterization cases which were excluded from analysis. Specialty of these cases included 

Cardiology, Pain Management, Pediatrics and Radiology mostly. Also, 608 cases that were mostly 

Enterology cases were also excluded from analysis as they have dedicated rooms and separate 

characteristics from surgical cases and thus require distinct planning techniques. Specialties of 

these cases included Critical Care Medicine, Gastroenterology and some General Surgery cases. 

These cases, even though are scheduled by OR scheduler and presents a distinct scheduling 

problem on its own have significantly different characteristics in terms of resource availability and 

requirement, duration and complexity of procedure and thus were excluded by the team from 

consideration.  

Thus a total of 1537 surgical cases were analyzed thoroughly to assess performance 

measures and focused group discussions towards improvement measures and are as discussed in 

the following section.    
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CASE MIX 

Figure 4 represents the case mix of patients in data set:- 

 

 

Figure 4 Surgical Patients Case Mix 

More than 80% of the cases were documented under first 5 categories with General Surgery 

and Orthopedics alone accounting for more than one-half of the case volume. This analysis 

helped the team to focus on these two surgery types to drive improvement measures and 

dive deeper to understand the variability in characteristics of these specialties. 
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PATIENT TYPE  

 

 

Figure 5 Patient Type Distribution 

The patient type analysis gives a brief indication about the type of patient that the hospital 

serves and also regarding capacity planning required. Also, all performance measures were 

characterized and deeper analysis was done based on this distinction, as inpatients and outpatients 

pose different set of characteristics and thus requires separate planning 

These distinctions were as mentioned in the case information of electronic database 

management system. To further analyze the same deeper dive regarding actual admission details, 

information from admission source description was used and a summary of results is as mentioned 

in Table 1.  
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Table 1 Distribution of Patients from Admission Source Description 

N 

Patient 
Type as 

mentioned 
in case info 

Outpatien
t Service 

Schedule
d 

Admissio
n 

Emergenc
y Unit 

Transfer 
from 

Another 
Institutio

n 

Unschedule
d Admission 

Transfe
r from 

Anothe
r 

Facility 

 

#N/A 

608 Inpatient 65 82 379 58 22 2  0 

775 Outpatient 313 458 0 0 1 0  3 

136 
Observatio

n 19 42 69 2 3 0 
 

1 

18 Emergency 0 0 17 0 0 0  1 

153
7 Total 397 582 465 60 26 2 

 
5 

  25.83% 37.87% 30.25% 3.90% 1.69% 0.13% 
 0.33

% 

  

As evident from the table above, most of the cases arriving through emergency unit, unscheduled 

admission and transfer from another facility were turned into inpatient cases. This analysis puts 

better light on scheduling of cases from a systems perspective as even though outpatient scheduling 

represents greater section of patient mix, inpatient cases have greater inherent variability 

associated as they have more unplanned admissions as compared to outpatient services and thus 

need more robust scheduling as compared to outpatient cases. Also, inpatient procedures require 

further planning and scheduling by OR and hospital management and are usually regarded more 

complex procedures as compared to outpatient cases. 

Another important aspect within patient and case mix is add-on scheduling. These cases have 

significant impact on the entire perioperative process flow as they are scheduled within the 3 day 

period on surgeons request and require similar procedures such as pre-operative testing and 

formalities, have similar inherent associated randomness in duration etc. 

A total of 589 or around 38% of cases were documented as add-ons in the electronic data 

management system. Figure 6 depicts further analysis done for add-on scheduling. 
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Figure 6 Distribution of Add-On Cases in Admission Source Description 

Figure 6 represents the percentage of cases within different heads that were scheduled as 

add-on cases. Thus almost all cases within emergency unit, transfer from another institution and 

unscheduled admissions were scheduled as add-ons and from the table 1 it can be inferred that 

most of these cases were inpatient cases. 

To further analyze the time between surgery start and scheduling of these cases, following 

analysis was done as shown in in Figure 7. 
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Figure 7 Scheduling Analysis for cases documented under emergency unit and transfer from 

another institution in Admission Source Description 

Thus, most of the cases scheduled within emergency unit and transfer from another 

institution had very small interval between scheduling of cases and surgery start as shown in Figure 

7 and thus have a significant impact on the resource utilization and also on performance measures 

of elective surgeries that were scheduled on the Day of Surgery. Further discussion regarding their 

impact on the perioperative process flow is done later in Chapter 7. 

Also, specialty wise distribution of add-on cases is as explained in Figure 8. 
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Figure 8 Specialty Wise Distribution of Add-On Cases 

This distinction between different specialties regarding scheduling of add-on cases helped 

the team to assess nature of scheduling of these cases among different specialties and thus as an 

important input during tactical planning to schedule planned slacks in the block schedule of master 

surgical schedule to reduce inherent variability caused because of these cases on the perioperative 

process. 

Apart from these analyses regarding patient mix, other analysis including pareto analysis 

of surgery types etc. were done to understand the distribution of these cases and take improvement 

measures accordingly. 

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%
%

 o
f 

al
l s

p
ec

ia
lt

y 
sp

ec
if

ic
 c

as
es

Specialty

Specialty Wise Distribution of Add-On Cases



43 

 

SCHEDULING ANALYSIS 

Figure 9 was used to assess the performance measure regarding scheduling analysis. As 

evident from the graph, more than one-third of cases were scheduled within 24 hours and thus 

creates disruption in the complex system. 

 

 

Figure 9 Scheduling Analysis 

To further analyze this trend in different patient distinction i.e. inpatients and outpatients, 

following analysis was done as shown in Figure 10. 
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Figure 10 Scheduling Analysis for Inpatients vs Outpatients 

Thus, as discussed earlier in figure 9, inpatient scheduling poses significant challenge as more than 

one-half of the patients are scheduled within a day before the start of surgery. 

Also, the hospital practices block scheduling system in which different surgeons were allocated 

different time blocks over a cyclic schedule and these time blocks were available for open first 

come first serve scheduling 3 days before the surgery if unused.  

Figure 11 further explains the trend in scheduling over the observation by different specialties to 

aid decision makers in planning block schedule at tactical level. 
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Figure 11 Detailed Scheduling Analysis - Specialty Wise 

 

This chart helped the team to understand trend in historical data regarding scheduling of cases 

among different time blocks. 

Also, 16 surgeons account for more than 80% of the total surgical volume and a scheduling 

analysis for these surgeons were done to aid decision makers in block scheduling. The graph is as 

shown in the figure 12 and is arranged in descending order of frequency of surgical procedures 

performed by each surgeon in the facility. 
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Figure 12 Detailed Scheduling Analysis – Surgeon Wise 

The figure 11 and 12 above helped team in quantifying scheduling trend by surgeons having most 

number of surgical cases in the hospital and thus can be used as a tool to aid decision makers in 

allocating time blocks to these surgeons along with the utilization data at tactical level. 

PRE-INCISION TIME ANALYSIS 

Pre-incision time is the time interval between when patient walks into the pre-operative room till 

he is wheeled to OR for surgery. Every patient has to go through Pre-Op before heading for surgery 

in order to get the basic procedures and paper work such as consent form etc. necessary before 

surgery done. Patients are generally scheduled for Pre-Op 2 hours before the scheduled start of the 

surgery which gives nurses adequate time to complete the required pre-op procedures. Children 

are scheduled an hour before the surgery for the pre-op procedure. 
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Figure 13 Pre-Incision Time Analysis 

 

The assessment of this performance measure is as shown in figure 13. Further analysis in terms of 

inpatients and outpatients is as shown in figure 14 below. 
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Figure 14 Variation of Pre-Op Time for Inpatients and Outpatients 

VARIATION IN START TIME 

The variation in case start from scheduled start was defined as delay in patient being 

wheeled into OR as compared to scheduled time. The variation in this performance measure is as 

shown in figure 15. 
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Figure 15 Variation in Start Time of Surgery 

Thus most of the surgeries have delay in start time ranging from 0 to 20 minutes. Further 

details regarding the same is as explained in Appendix. This performance measure is very 

important for quantifying the performance of surgery scheduling as it measures the variation in 

actual start of surgery from planned start. 

CANCELLATION ANALYSIS 

Another major performance indicator is frequency and number of cancelled cases as 

cancellations lead to idling of expensive OR resources and also have an impact on the delivery of 

surgical schedule on the Day of Surgery. Different reasons were documented in the electronic data 

management system of hospital but around 85% of the documented cancellation reasons included 

Physician Requested and Order Modification as the associated reason. This graph and the monthly 

variation of frequency of cancelled cases is as attached in Appendix. 
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Figure 16 represents days between cases cancelled and scheduled case start. It is evident 

from the graph that around one-half of the cases cancelled were cancelled within a day from the 

scheduled start of surgery thus causing disruptions and idling of expensive OR resources.  

 

 

Figure 16 Days between Case Cancelled and Scheduled Start 

DOCUMENTED DELAY ANALYSIS 

Along with other details, the hospital data management system also records delay reasons. These 

reasons are input by nurses at the time of surgery. 60% of the data was missing for all cases and 

based on focused group discussions the reason for this missing information was attributed to the 

fact that nurses do not realize the importance of documenting these reasons and also there can be 

subjectivity associated as it is a single persons’ perspective. The analysis for the available 40% of 

data is as shown in the Figure 17. 
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Figure 17 Documented Delay Analysis 

VARIATION IN THE START OF FIRST CASE OF THE DAY 

First cases of the day create a ripple or dynamo effect as any disruption caused in the same 

accumulates up for the rest of the day and also the first cases are not affected by variability of 

previous cases. For the analysis, it is defined as the first case of a particular day scheduled in a 
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particular OR before 10 am. For my observation period 209 cases fell in this category and the 

analysis is as shown in 18 to 21. 

 

Figure 18 First Case of the Day Analysis - Cases before 10 am 

Thus most of the cases had a disruption of 10 – 20 minutes in the observation period. To 

further assess the frequency of these cases, the following analysis was done as shown in Figure 

19. 
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Figure 19 First Case of the Day - Frequency 

Most of the cases are scheduled at either 07:30 am or 08:00 am and thus further analysis 

was done to analyze performance measures at these start times and are shown in figure 20. 

 

0

50

100

150

200

250

5:10 6:00 6:15 6:30 7:00 7:15 7:30 8:00 8:30 8:45 9:00 9:15 9:30 9:45 10:00

C
o

u
n

t

Time

First Case of the Day - Frequency



54 

 

 

Figure 20 Variation in 07:30 vs 08:00 AM Starts 

Thus, evident from figure 20 most of the cases starting at 07:30 am tend to be delayed by 

0 to 20 minutes and almost equivalent number of cases tend to start early between 0 to 10 minutes 

showing a window of potential staggered starts at these times and between them avoiding peak 

stress at these start times. Further discussion of this measure is done in Chapter 7. 

Also, a separate analysis for the documented delay reasons were done for first cases of the 

day. 52% of data in this distinction was missing and the analysis for rest of 48% of cases is as 

shown in Figure 21. 
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Figure 21 First Case of the day - Documented Delay Analysis 

 

From this analysis, around 58% of all delay were documented as surgeon delay which 

might be due to the interpretation of start time of surgery by different stakeholders and is further 

discussed in detail in Chapter 7.  

VARIATION IN SURGICAL DURATION PREDICTION 

The duration of surgery is defined as patient in room time i.e. the time from which patient 

is wheeled in to the time until he is wheeled out of OR. Apart from actual surgery, this time 

includes the setup or preparatory work on patient done within OR and also the awakening of patient 

from anesthesia. The variation in duration is as shown in Figure 22. 
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Figure 22 Variation in Duration 

 

In order to check the normality of the underlying data a Q-Q test was performed and is as 

shown in the figure 23 below.   

 

Figure 23 Q-Q Plot of variation in Duration 
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Thus, the data is almost normally distributed with a few extreme/outliers in the delay 

duration. 

Also, in order to further look at the variation in planned and actual duration of specific 

surgeries a paired t-test was performed for various specialties and the results are as shown in the 

table below. 

Table 2 Paired t-test for difference in planned and actual surgery duration (Different Specialties) 

Specialty N 
Paired Differences Mean 

Actual 

Duration 

Relative 

Error 

Mean 

Scheduled 

Duration Mean Sig. 

General Surgery 526 42.307 0 106.34 39.78% 64.033 

Orthopedic surgery 314 29.16 0 111.68 26.11% 82.52 

Obstetrics/ Gynecology 135 18.37 0 97.25 18.89% 78.88 

Urology 140 23.89 0.0000 69.27 34.49% 45.38 

Vascular Surgery 119 37.43 0.0000 100.33 37.31% 62.9 

Otolaryngology 138 9.46 0.0020 65.57 14.43% 56.11 

Podiatry 72 14.97 0.0000 61.89 24.19% 46.92 

Cardiothoracic Surgery 88 41.04 0.0000 140.47 29.22% 99.43 

Critical Care Medicine 2 -23.5 0.2450 24.5 -95.92% 48 

Ophthalmology 3 20 0.1430 78 25.64% 58 

Total 1537 213.127  855.3 24.92% 642.173 

Apart from this analysis, separate t-tests for all cases that are frequently performed by 

different surgeons were done to analyze difference in surgery duration by different surgeons for 

same cases. An example of the same for Laparoscopic Cholecystectomy which is the most frequent 

surgery at this facility is shown below. 
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Table 3 Paired t-test for difference in planned and actual surgery duration (Laparoscopic 

Cholecystectomy with Cholan) 

Laparoscopic 

Cholecystectomy 

(including with Cholan)  
N 

Paired 

Differences Mean Actual 

Duration 
Relative 

Error 
Mean 

Scheduled 
Mean Sig. 

A 18 3 56 0.232 110.67 50.60% 54.67 

A 24 6 13.83 0.037 69 20.04% 55.17 

A 29 5 63.8 0.089 148 43.11% 84.2 

A 32 84 42.9 0 111.79 38.38% 68.89 

A 45 30 75.63 0 146.2 51.73% 70.57 

A 46 30 41.4 0 91.7 45.15% 50.3 

Thus, there were significant differences in the time taken by different surgeons for the 

exactly same procedure. The implications of this finding are further discussed in Chapter 7.  

Also, to further analyze the variation in longer and shorter surgeries (based on planned 

duration) the following analysis was done as shown in Table 4. 

Table 4 Absolute and Relative Delay Analysis 

N 

Scheduled 

Case Duration 

(min) 

Delay 

> 

200% 

Delay 

150 to 

<= 

200% 

Delay 

100 to 

<= 

150% 

Delay 

50 to 

<= 100 

% 

Delay 

25 to 

<= 50 

% 

Delay 0 

to <= 

25% 

On 

Time 

Early   

0 to 

<= 

25% 

Early   

25 to 

<= 

50% 

Early 

50 to 

<= 80 

% 

Early 

80 to 

<= 90 

% 

7 0 to <= 15 1 3 2 1 0 0 0 0 0 0 0 

304 15 to <= 30 33 17 58 96 33 17 0 12 18 20 0 

198 30 to <= 45 14 11 42 60 34 20 0 12 4 1 0 

355 45 to <= 60 15 16 41 84 57 62 0 49 27 4 0 

256 60 to <= 75 5 13 38 79 59 40 0 16 5 1 0 

141 75 to <= 90 1 2 6 35 30 31 1 21 10 4 0 

132 90 to <= 120 2 2 15 30 26 30 0 14 12 1 0 

44 120 to <= 150  0 0 1 6 9 15 0 7 5 1 0 

90 > 150 0 1 1 9 24 25 1 19 9 1 0 

1527 Total 71 65 204 400 272 240 2 150 90 33 0 

  Percentage 4.65% 4.26% 13.36% 26.20% 17.81% 15.72% 0.13% 9.82% 5.89% 2.16% 0.00% 
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Ten cases were found to have data error as the analysis indicated that the early finish was 

more than 100% and thus inconsistent logically and were removed from analysis. Further 

discussion on this analysis can be found in Chapter 7. 

Also, for the data set mentioned above, in order to analyze the variation in duration and its 

impact on perioperative flow, surgeries were divided into 3 types i.e. Short surgeries having their 

scheduled duration between 0 to less than or equal to 45 minutes (0 to <= 45 minutes), medium 

duration surgeries with scheduled duration greater than 45 minutes but less than 90 minutes (45 to 

90 minutes) and long surgeries having scheduled duration greater than or equal to 90 minutes (>= 

90 minutes). Descriptive statistics for the variation in scheduled and actual duration for the above 

mentioned distinctions is as shown in the following table 5. 

Table 5 Descriptive statistics for short, medium and long duration surgeries 

Surgery 

Type 

N Range Minimum Maximum Mean Std. 

Deviation 

Variance 

Short 

Surgeries 

509 183 -27 156 25.10 25.00326 625.163 

Medium 

Duration 

Surgeries 

658 239 -38 201 34.85 37.90233 1436.587 

Long 

Surgeries 

360 454 -132 322 32.12 58.05863 3370.804 

 

A discussion regarding the impact of these variations is as discussed in Chapter 7. 
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OR DISTRIBUTION 

There are 6 functional OR’s at the hospital and the priority rules to select them are as 

mentioned in Chapter 2. 

Figure 24 and 25 depicts the distribution of Operating Rooms and their count among 

different specialties. 

 

 

Figure 24 Count of Cases Performed in Different OR’s – (Except OR 05) 
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Figure 25 Specialty Wise Distribution of Operation Room 

OR 04 is the most highly used OR and other distribution among specialties is as shown in 

figure 24 above. 

Thus, as all operating rooms except OR 05 and OR 06 (specialized equipment present in 

these ORs) are flexible for all cases. This analysis considers a need for further study to allocate 

OR among different specialties and cases so that significant improvement in OR efficiency can be 

realized from the same. 

SETUP AND TEARDOWN TIME 

Setup time is the time between patient wheeled into OR and incision start and includes 

patient prep and anesthesia induction time. Teardown is the time after the incision is closed till the 
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patient leaves OR. Also, the coordination between many stakeholders as shown in the figure 3 

earlier is required in both cases.  

The hospital under study recorded this data and also had a database of average duration 

that was surgery specific which helped the scheduler to allocate surgery duration. Except 180 

cases, average setup and teardown time were present in the system and a comparison of the average 

vs actual times was done and is as shown in the figures 26 and 27. 

 

 

Figure 26 Variation in planned and actual setup time 
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Figure 27 Variation in planned and actual teardown time 

Thus it is evident from figure 26 and 27 that setup time was mostly underestimated and 

teardown time mostly overestimated. 

Turnover time is defined as the time between patient wheeled out and new patient wheeled 

in. This time represents non-productive time for both the surgeon and the hospital. For the study, 

this could not be recorded as these times were not collected by the electronic data management 

system of the hospital. 
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Chapter 6 Case Study and Context Interviews 

For this exploratory case study, the team met twice every month on an average from 

January to August 2014 to review progress and discuss process improvement measures. Data 

analysis, some of which has been discussed in the previous section was used as a means of driving 

focused group discussion. As a part of team from the hospital were, Director of perioperative 

services, Director of clinical quality, Clinical Manager of perioperative services, Operations 

Manager. Also, scheduler, insurance representative and representative of Surgeon’s council were 

occasionally present in the meetings to discuss current performance measures and give their 

valuable feedback regarding process improvement measures.   

Based on communications in these meetings, site observation and studies, data analysis 

and semi-structured interviews, I divided the work flow diagram into two major distinctions to 

better understand the coordination and interaction between different departments from the time the 

patient and doctor consent that a surgery is required till the patient completes the entire 

perioperative flow and reaches PACU. The description of these areas is explained in the following 

sections. 

AREA 1 – BEFORE THE DAY OF SURGERY (DOS) 

The process flow and coordination between different functional groups before the DoS is 

as shown in figure 28. 
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Figure 28 Detailed Process Flow Diagram - Before the DoS 

The process starts with the consent of patient and doctor regarding performing a surgery. 

The date of surgery is established which is feasible for both and also considering medical condition 

of patient. The doctors’ office then contacts the scheduler in the hospital to request a soft block for 

the surgery on the date and time of the surgery.  
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As mentioned earlier, the hospital follows modified block scheduling and thus blocks are 

reserved for surgeons that use the facility frequently. These blocks are assigned at tactical level by 

OR management team and the scheduler follow this block schedule which is already inbuilt in the 

scheduling system. These dedicated blocks are used by respective surgeons and if unused, are 

released 3 days prior to the date of surgery and is available for open FCFS scheduling by any 

surgeon/specialty.  

Thus, doctor requests for the creation of soft block within the block schedule if they have 

one or else outside the block schedule. Scheduler checks the availability of TB and creates a soft 

block if a TB is available or else coordinates with Doctors office for next available time slot. As 

the hospital had enough capacity for current scenario, getting a TB for doctors was not a critical 

issue. Also, if special equipment which were available in limited quantity such as C-arm were 

required for the procedure, checks for any clashes in equipment are performed by scheduler prior 

to creating a TB for the case. 

After the creation of soft block, documents in electronic form including scheduling sheet, 

physician order with patient details, History & Physical forms and insurance card/details are shared 

by the doctors’ office with scheduler. Some of this information is required by the scheduler to 

convert a soft block into a patient account. After receiving documents, a patient account is created 

in electronic data management system of the hospital. After creation of patient account, a new case 

shows up for PAT (Pre-Admission Testing) and Insurance and these functional groups can then 

access patient documents shared by scheduler.  

The scheduler is the single point of contact between the doctors’ office and the hospital 

(except during emergencies) and thus every time a new document is sent by the doctors’ office, it 

reaches scheduler from where scheduler shares it with the concerned stakeholders. This step is 

critical as the rest of the activities depends on when the scheduler shares information and thus the 

cases are worked in the order of DoS. 
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If required information is missing from the patient documents (which was mentioned as a 

very frequent problem in semi-structured interviews by different functional groups), PAT and 

Insurance have to coordinate with doctors office before contacting patient. Also, the scheduler is 

the single point of contact between the doctors’ office and the hospital (except during emergencies) 

and thus every time a new document is sent by the doctors’ office, it reaches scheduler from where 

scheduler shares it with the concerned stakeholders. This step is critical as the rest of the activities 

depends on when the scheduler shares information and thus the cases are worked in the order of 

DoS. This creates a disruption for schedulers planned work and also PAT and Insurance activities 

depends on when this information is shared by the scheduler. Also, in case of add-ons or surgeries 

scheduled within 3 days from the DoS, this process causes maximum disruption in the PAT and 

insurance schedule as cases pile up at the last moment and driving their work load and 

correspondingly affects the planned set of activities on the DoS. 

After assessing the documents and receiving missing information, PAT and Insurance have 

to contact patients. PAT evaluates, assesses, educates and prepares patients for the surgery and 

also confirms the time and date of surgery. Thus PAT ensures that no surprises are expected on 

the DoS which might lead to delays or even cancellations and serves as a significant element of 

the process flow diagram requiring adequate time before DoS for delivery of surgical schedule in 

an efficient manner on the DoS.  

Insurance assesses the authorizations by the insurance provider of the patient and clarifies 

any leftover dues that might be required to be paid by the patient. Thus assuring last minute 

cancellations do not occur because of financial issues.  

PAT and insurance contact patients individually before the DoS and cases are worked in 

the order of DoS. Thus, in case of delay in receipt of missing patient information or in case of high 

frequency of add-ons (as in this hospitals case), PAT and Insurance might not get a chance to speak 

with patient before the DoS and thus their functions are transferred on the DoS leading to delays 

and disruptions in planned schedule and in some cases can also lead to cancellations. Examples 
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being – patient not following restrictions that are conveyed through PAT before surgery, financial 

complications that may lead to cancellation of case on the DoS because of unavailability of funds 

etc. 

Apart from these functional groups, Anesthesia also participates in the perioperative 

process flow before the DoS. PAT transfers the paper based file of patient including results of 

assessment and all patient related documentation to Anesthesia which decides the type of sedation 

and ASA status of the patient. This is also a critical part of the process flow but as Anesthesia was 

a separate functional group and not managed by hospital as an in-house resource, it was not studied 

for this thesis. 

AREA 2 – ON THE DAY OF SURGERY (DOS) 

The process flow and coordination between different functional groups on the DoS is as 

shown in figure 29. 
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Figure 29 Detailed Process Flow Diagram - On the DoS 

 

   The process starts with the patient reporting on the front desk and completing registration 

required on the DoS. The time of reporting is conveyed by Doctors office and is restated during 

PAT by a nurse before the DoS. Generally, except children (defined as less than 10 years old) 

which are called an hour before surgery start time, all other cases are called 2 hours before the 

surgery start to allow adequate time for pre-op and other necessary procedures and formalities.  

A patient is then directed to pre-op area where nurses do the pre-operative assessment 

required on the DoS. Other functions include pre-surgery tests, IV induction etc. The hospital had 

enough bays or capacity for the current case load and had capacity with the number of nurses and 

Spanish interpreters rather than space/bays available for patients. If a patient is missing PAT, it is 

also performed in pre-op by nurses before surgery.  



70 

 

After completion of these tasks, a patient waits in pre-op area until OR and surgeon are 

available for performing surgery. Thus, pre-op serves as the catch all for previous missing links as 

well as any disruptions caused on the DoS.  

Surgeon/Anesthesia representative visits a patient before the performing procedure in pre-

op for consent signing and other formalities. If the surgeon doesn’t have consecutive surgeries, the 

time at which surgeon comes to pre-op is dependent on subjective interpretation of start time 

(explained in Chapter 7) and has an impact on the process flow further as any delay or disruption 

is carried forward in the process.  

 Material planning and resources for pre-op and PACU is planned by pre-op 

manager and is done the previous day after looking at the operational schedule. Thus, any cases 

added after the preparation of chart on the previous day or add-on cases possess potential to cause 

a significant impact to smooth and planned functioning of pre-op. If additional resources are 

required apart from available resources, they are managed on a temporary basis. The cost factor 

for these resources is not accounted in this thesis as the focus of this research is in perioperative 

process flow and not financial implications of the same.  

Also, PAT and pre-op are well aligned and PAT status of patients is communicated in 

advance to pre-op manager. But if cases are scheduled after PAT nurses leave on the previous day, 

or are scheduled as add-ons, PAT is not done and will have to be completed by pre-op nurses on 

the DoS. This causes extreme disruption to the operational schedule and resource planning and 

allocation for pre-op and thus has an effect on OR schedule also.  

After consent signing and availability of surgeon and setup of OR for the procedure, the 

patient is wheeled from pre-op to OR. OR represents a complex system requiring extensive 

coordination among different functional groups within OR at the same time.  

A manual dry erase board is placed in pre-op which is used to track the status of all patients 

on the DoS. Different distinctions present in it includes patient’s name and age, surgeon’s name, 

scheduled surgery type and its details including scheduled surgery start time and OR number, 
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anesthesia type is present. These distinctions are updated in real time with the status of patients in 

pre-op i.e. nurse attending, pre-op status (color coded to represent whether or not patient has 

completed its pre-op formalities and ready to be taken to OR) and serves as a common reporting 

source for all stakeholders to track the OR schedule in real time. PAT status and add-on cases are 

also included in the same and thus clearly visible to all. 

A similar tracking system is present in OR which is in electronic form and tracks the status 

of patient from pre-op to PACU. This system, though valuable, was not used as much by the OR 

resources as another manual dry erase board that was placed next to it outside OR which apart 

from these descriptions also included the resources in OR i.e. circulatory nurse, scrub nurse etc. 

allocated for these cases and were updated by circulatory nurse in charge. The same board was 

used by OR Manager to track any disruption of the day and take measures and appropriate 

decisions regarding flip-flopping of cases.  

The hospital does activities in a sequential manner and is coordinated by the circulatory 

nurse in real time.  A swim lane diagram of different activities done in a sequential manner by 

different functional groups is as shown in figure 30. 
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Figure 30 Detailed Process Flow Diagram - Within OR 
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 The process starts with patient being wheeled into OR. As mentioned earlier, a patient is 

wheeled in only after OR is setup and ready for the procedure. Parallel processing (explained in 

Chapter 7) is not practiced in the hospital. 

The OR that the patient is wheeled to is initially decided by scheduler and is reflected on 

the operational schedule chart on the DoS. If after the patient is wheeled into OR, scrub nurse 

prepares the patient for procedure. Steps such as scrubbing of surgical area, transfer of patient to 

bed, setting patient and equipment in correct directions etc. are performed. This process is referred 

as Setup time. Thus, setup time is the time between patient entering OR and start of incision of the 

surgery. This performance measure will be further analyzed in data analysis section later. After 

patient preparation, anesthesia begins induction and surgeon is notified that patient is ready for the 

operation.  

Once surgeon starts incision, time is again recorded by the electronic data management 

system of the hospital and this time stamp is referred as incision time. It is also called as surgery 

start time and some of the hospitals measure variation in start time of cases with respect to this 

time stamp. For the purpose of this research study, delay in start time of cases was measured from 

patient wheeled in room time. The time between incision start and surgery start is referred as 

surgery duration.  

After the surgery is completed and till the patient leaves OR is termed as teardown time. 

Thus, a patient in OR time is the total of setup time, surgery duration and teardown time. Variations 

in these performance measures for the hospital are discussed in Chapter 5. 

 After the patient leaves OR and before the next patient is wheeled in, various activities 

and formalities are required to be completed by different functional groups. This time when the 

OR is not functional and in transition period between two cases is regarded as non-value adding 

and wastage of both surgeons time and OR resources. This time is referred to as Turnover time. 

Various studies as mentioned earlier have focused on reducing this time period so as to ensure 

better OR throughput and utilization.  
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Thus, from the above discussion and process diagrams in figures 28, 29 and 30 it is evident 

that high coordination between different departments is required in order to ensure timely delivery 

of services and to ensure patient safety. Also, the fact that OR is the most expensive and critical 

resource of a hospital, every minute of OR time is of utmost importance in terms of financial, 

organizational and patient’s safety perspective. Thus, a huge amount of proactive planning is 

required to ensure smooth and as planned of patient through OR. 

Other departments such as Radiology were not included in this study as they have a 

supportive role in the process flow and are not managed by the hospital OR management but are 

centrally allocated from an affiliated organization. 

 

KEY POINTS DISCUSSED IN SEMI-STRUCTURED INTERVIEWS 

Semi-structured interviews were conducted to further validate the findings of this case 

study and get the perspective of key decision makers of different functional groups regarding the 

same. Different stakeholders interviewed from the hospital included the scheduler, pre-op and 

PACU manager, PAT nurse, insurance authorization verifier (operations department) and 

circulatory nurse responsible for managing operational online changes in Operating Room. A brief 

discussion of the findings from these interviews is as follows. 

1. Definition of start time of surgery was found to be conflicting even within the different 

functional groups of the same hospital. It was recorded as one of the reasons of 

tardiness in start times and is further discussed in Chapter 7. 

2. Surgery duration was selected by the scheduler by choosing the maximum of duration 

predicted by the system (using averages) and prediction by Doctors office (which is 

done on the basis of experience of past cases).  

3. High number of add-on cases were mentioned as major reason of delays and variation 

in performance measures by all functional groups. Apart from emergency cases, 

behavioral issues among surgeons regarding last minute scheduling were mentioned.  
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4. Definition of add-on cases was also found to be conflicting. Also, as mentioned in the 

process flow diagram before the DoS (Figure 28), PAT and insurance verification can 

only be done once a case is scheduled by the scheduler and thus last minute cases or 

add-on cases had an impact on the overall process flow. Also, as there is no contact 

between the work flow of PAT and insurance, tasks such as calling patients before the 

DoS was listed as one of the challenges. 

5. Heuristics for schedule optimization available in the scheduling system of the hospital 

included sorting by age, anesthesia class and wound class of patients and their 

combinations. Sorting of patients was done to optimize schedule only for two 

surgeons by age and other options were not utilized in the hospital. Also, if any cases 

were added as add-on cases, sorting as a result of this rule causes disruptions for 

previously scheduled cases and thus have to be coordinated to patients again by PAT. 

6. Utilization data of historical cases for surgeons having scheduled blocks was not used 

for making changes in block schedule at tactical level by OR management and thus 

had an impact on the overall functioning of hospital resources. 

7. Conflict checking was available in the scheduling system to avoid clashes due to 

special equipment needed for the surgeries (such as C-arms) etc. This provision was 

not available for OR05 in which most of the GI cases were performed and was done 

manually by scheduler to ensure smooth flow on the DoS. Also, preference cards were 

updated to ensure all frequently utilized material are available for cases. 

8. OR selection was at the discretion of scheduler. No preference was established by 

surgeons or OR management for the same except OR 01 and OR 02 in which priority 

was given to open heart and vascular cases respectively. 

9. Parallel workflow was not practiced in the hospital and patients were wheeled into 

the OR only when it was ready for procedure. 
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10. Waiting time for surgeons after the patients were ready in OR for procedure were also 

mentioned as one of the biggest reasons for delay in procedure time. 

11. Flip-flopping of cases (to save turnover time) planning was not able to be done in 

advance and thus required extensive coordination on the DoS between various 

stakeholders and surgeon. It was regarded as one of the major reasons for limited 

application of this technique. 

12. Limited bays in PACU was listed as one of the potential bottlenecks in the future 

because of increasing cases. As my scope of study was limited till OR, this aspect and 

its current impact on process flow was not further studied.   

 

These findings and their respective impact on the perioperative process flow are further 

discussed in Chapter 7. 
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Chapter 7 Discussion of Performance Indicators/Results 

This chapter serves as the summary of case study performed with a detailed analysis of 

relevant performance measures substantiating the same with Baseline Data Analysis performed 

as explained in Chapter 5 and various performance improvement measures taken and also results 

of semi-structured interviews conducted as discussed in Chapter 6 earlier. Also, a critique of 

previous relevant literature discussed in Chapter 3 which was found from this case study is 

presented in this chapter. 

The chapter concludes with a detailed perioperative process flow diagram summarizing the 

entire perioperative process flow of the hospital with twenty four different factors and the stages 

at which these factors impact the same.  

CONFLICTING DEFINITION OF START TIME OF SURGERY AND ITS IMPACT 

Start time of the surgery was defined as the time at which patient is wheeled 

into the OR for performing surgery by the hospital. Even though it was clearly defined 

for the hospital for all stakeholders, it was found to have conflicting meaning for 

different functional groups during the semi-structured interviews performed.  

Different start time listed by various stakeholders is as summarized in the 

following table:- 

 

Functional Group Definition of start time of surgery 

Doctors’ Office Incision Time 

Scheduling & PAT As requested by Doctor 

Pre-Op Time around which doctor comes to pre-op for meeting 

patient before surgery and consent signing and then patient 

is wheeled to OR 

OR Wheel in time for the first case and then to follow 
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These conflicting definitions and interpretation of start time causes disruption 

from the planned schedule and has a domino effect accumulating delays over the day. 

Thus, to ensure on time start of cases, it is essential that all stakeholders and functional 

groups have a common shared definition of first case of the day.   

For the case study, it is clear from Figure 15 that most of the cases have a delay 

in start time ranging from 10 to 20 minutes which accumulates over the day. Thus, a 

shared definition of start time of surgery was detected as one of the potential reasons 

of delays. Also, from Figure 17, surgeon delay is regarded as the most frequent reason 

for disruptions in documented delay analysis and may be reduced to some extent by 

having this shared definition. 

ADD-ONS AND THEIR IMPACT ON PERIOPERATIVE PROCESS FLOW 

Add-ons are cases that are scheduled after the cut-off period of block scheduling 

(3 days in this case) and is incorporated in the OR schedule in the available TBs that 

remained unused or overtime if need be after the preparation of operational schedule 

of elective cases.  

As explained in the data analysis in Figure 6, more than one-third (38%) of the 

total case mix of the hospital were comprised of add-on cases. These cases were 

regarded as a major cause of disruption by all the stakeholders in the interviews. As 

explained in detailed process flows earlier, these cases that are scheduled within a 3 

day window, require similar procedures and formalities before the DoS to ensure safe 

and on time delivery of the procedure. It is evident from the analysis in figure 7 that 

more than 60% of these cases are scheduled within 12 hours from the scheduled start 

time of the surgery. Also, the associated randomness in these cases regarding their 

arrival causes disruption to the PAT and insurance planning before the DoS and strains 

the schedule of PAT and insurance as they have to finish all the procedures within a 3 
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day window on priority and work on other cases in parallel. Also, due to lack of time, 

sometimes these functional groups are not able to call patients or talk to them before 

the DoS causing disruptions and even cancellations in some cases on the DoS.  

Also, in case the PAT is not completed for add-on cases due to reasons 

mentioned above, pre-op has to account for the missing information on the DoS, which 

again affects the resource utilization of pre-op on the DoS causing disruptions and 

deviations from planned scheduled and have to be handled by the pre-op manager at 

operational online level.  

These factors, apart from causing disruption in the start of add-on cases, have 

an impact on other planned elective cases and thus affects the overall functioning of 

OR. Also, these cases also have associated uncertainty in their predicted procedure 

durations that impacts other planned or elective cases and their schedule on the DoS. 

 Thus, from above discussion I conclude that, add-ons are not “holes” in the OR 

schedule as discussed in literature review (Dexter et al., (1999), Zhoue et al., (1998)) 

that are filled by the scheduler after the block surgical schedule is released for open 

scheduling to improve OR utilization and throughput. Other relevant studies as 

discussed in literature reviewed in Chapter 3, even though provides great value to 

scheduling of these cases, fail to comprehend the impact of these cases at systems level. 

Add-ons follow the same pre-operative procedure as elective cases and thus they share 

the limited resources available for elective cases. Also, as for these cases the process 

has to be completed on an expedited basis as compared to elective cases and as a result 

the obstacles/challenges in perioperative process flow mentioned earlier including data 

missing, data reentry, PAT and insurance authorizations etc. are more prominent in 

these cases. Thus, these disruptions culminate and have a significant impact on the 

operational schedule on the DoS. 
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Also, from the case study and interviews, it was realized that a significant 

portion of these cases were not required medically to be performed imminently and was 

a result of behavioral trend of the organization. Thus, specialty wise add-on scheduling 

analysis performed as shown in figure 8 can be used as a tool by OR manager to plan 

slack time for these cases at tactical level in MSS or block schedule to ensure optimum 

balance between robustness and flexibility of the block schedule. 

PERIOPERATIVE PROCESS FLOW FROM A SYSTEMS PERSPECTIVE 

As shown in the perioperative process flow diagrams in figure 2, different 

stakeholders and functional groups are involved in the efficient delivery of surgical 

schedule and coordination and collaboration of each functional group is required for 

the same. Also, from figure 3 and its subsequent description, information flow among 

these stakeholders is challenging as extensive coordination is required in a time 

constrained environment The presence of these different functional groups might lead 

to conflicting incentives (Girotto et al., 2010) thus forming a complex system.  

From Figure 28, it is evident that sharing of patient documents by doctors’ 

office to scheduler and scheduler to the rest of the functional groups is very critical and 

causes major disruption in the complex system if not performed efficiently. Also, the 

timely sharing of information is very significant for all stakeholders. 

As discussed earlier in Figure 29, if PAT or insurance authorization is not 

completed for a patient before the DoS, it disrupts the surgical schedule on the DoS by 

causing delays in the pre-op procedures and thus causing subsequent delays to the 

elective schedule having an impact on all functional groups from pre-op to PACU. 

Also, these cases cause disruption to other elective cases and consume limited available 

resources, thus impacting the overall perioperative performance measures (discussed 

in Chapter 5). 
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These disruptions have a direct impact on the delivery of surgical schedule on 

the DoS and thus efficient coordination and collaboration and alignment of all 

functional groups is necessary and causing a system wide improvement rather myopic 

activity level improvements is needed to achieve the desired performance measures. 

Thus various mathematical programming techniques discussed in literature having 

specific objectives and set of assumptions and other lean management tools and 

techniques being applied to perioperative process flow provide valuable insight and 

focus on improving the patient flow through operating rooms and getting the desired 

activity level improvements but enhancements at systems level considering flow of 

patient through the entire perioperative system is required to eliminate the inherent 

variability. 

CHALLENGES IN INFORMATION FLOW WITHIN DIFFERENT FUNCTIONAL GROUPS AND ITS 

IMPACT 

As shown in figure 3, information flow in perioperative environment is both challenging 

and cumbersome but is critical to ensure smooth delivery of surgical schedule. Various means and 

methods are used among different functional groups. These measures range from electronic 

exchange of data, manual entry, and telephonic communication to paper based communication for 

ensuring safe and efficient procedures.  

Among these different means of communication, scope for missing data and data reentry 

is proliferated. This issue was documented as one of the major causes of disruption especially for 

PAT as they have to assure that all patient information was complete and also have to do data 

reentry to feed information into hospitals data management system. Also, the high significance of 

communication between insurance and patient and PAT and insurance has been discussed in 

Chapter 6 but due to various reasons ranging from high frequency of add-on cases, limited 
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communication between these functional groups and patient etc. these communications become 

challenging and thus lead to disruptions and also cancellations in the surgical schedule on the DoS.  

Also the Scheduler is the single point of contact for all data exchange between the doctors’ 

office and hospital except in the case of emergencies. Thus, completeness and timing of 

information exchange between scheduler and other functional groups is key to ensure safe and 

efficient perioperative process. As a part of performance improvement measures taken by the OR 

management during the course of the case study, the scheduler was strategically placed outside 

OR as compared to the back end office earlier to ensure better communication and transparency 

between scheduler and other functional groups and stakeholders. This also provided better access 

and transparency for surgeons who could now see the block scheduling and better understand the 

scheduling constraints. Also, online tracking and changes and other OR utilization became more 

easy to implement and approachable by this change.  

Another issue as described in Girotto et al. (2010) is because of fragmented “silo” structure 

of different functional units which leads to conflicting incentives. This structure leads to a complex 

system and challenging information flow within different stakeholders. Similar structure was 

observed in the case study performed and the process and information flow is explained in Figures 

2, 3, 28, 29 and 30. Thus, to ensure smooth information flow, it is required that all departments are 

aligned. Also, the scheduler is the single point of contact between doctors’ office and other hospital 

functional units and also the single point for sharing documents such as patient documents etc. and 

thus requires timely communication from the scheduler to ensure all stakeholders perform their 

functions efficiently to achieve the desired performance measures on the DoS. 

Another challenging aspect of the perioperative process flow is the online tracking and 

control of disruptions and changes in the surgical schedule on the DoS. Due to various reasons 

discussed earlier, planned surgical schedule faces disruptions and changes on the DoS and huge 

coordination and collaboration is required among different stakeholders to ensure smooth and safe 

flow of patients through the perioperative process. In order to achieve this objective, a white board 
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was maintained in the pre-op which contained the status of patient including various distinctions 

such as patient name, respective doctor, wheel down time from pre-op, anesthesia type and surgery 

type and is updated in real time with the nurse name that is handling the patient and the state of 

the patient. This board serves as the communication channel for all stakeholders and is updated in 

real time by pre-op nurses. Also, electronic display of status of patient at online level is updated 

outside OR so that all stakeholders and OR management can track and take decisions accordingly 

to counter variability at online level.  

DELAY IN FIRST CASES OF THE DAY 

As discussed earlier, delay in first cases of the day has a dynamo effect as any disruption 

caused accumulates for the rest of the day and adds to the variability in the surgical schedule. Also, 

as first cases do not have any associated variability because of the disruption caused by prior cases, 

it is a critical performance measure to assess perioperative process flow.  

Figure 18 shows the analysis done to assess this performance measure. From this analysis, 

it is evident that almost 50% of all first cases of the day have a minor delay of 0 to 20 minutes. 

Though this variation is very small as compared to the disruption in other cases, it still has a 

window of improvement and process improvement measures and root causes were discussed by 

the team in focused group discussions.  

Figure 19 shows the frequency of scheduled start time of first cases of the day. From this 

analysis it is evident that a majority of cases are scheduled to start at either 07:30 am or 08:00 am. 

Also, in further data analysis done (as shown in Figure 20) for these cases, it is evident that 07:30 

am starts get delayed by 0 to 10 minutes and almost equal number of cases scheduled at 08:00 am 

tend to start early by 0 to 10 minutes. This analysis puts light on the concept of staggered starts 

(Wong et al., 2010). As pre-op and OR resources such as radiologists, anesthesiologists, OR nurses 

etc. are limited, staggered starts provide a window to schedule cases for efficient resource 

utilization. Thus, instead of scheduling cases at 07:30 am or 08:00 am, staggering these cases 
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within these time intervals can decrease disruptions and lead to optimum utilization of available 

resources.  

Also, from Figure 21, although only 48% of documented data was available for analysis, 

it is evident that the most frequent documented reason for delay for these cases is because of delays 

incurred due to surgeon. This puts light into organizational nature and earlier discussion of shared 

definition of start time of surgery which might be a potential improvement measure to improve 

performance and reduce delays caused due to surgeon. 

SURGERY DURATION PREDICTION 

Surgery duration prediction is one of the most critical element in ensuring planned delivery 

of surgical schedule as delay in duration may cause the later cases to get delayed causing a domino 

effect and cases getting completed early than scheduled may lead to under-utilization of expensive 

OR time and resources. Also, surgery duration is also one of the biggest variable in the 

perioperative process as it involves various controllable and uncontrollable factors. 

As mentioned earlier, using arithmetic mean from historical data is the most common 

method of predicting surgery duration (Zhou et al., 1999) and was also used in the hospital. 

Although, system generated arithmetic mean was generated at the time of scheduling cases, 

scheduler compares this estimate with the surgeon requested time which is requested by the 

doctors’ office based on experience and the higher among the two is chosen for scheduling cases. 

This approach, though taken as a conservative measure to ensure that surgeries starting later do 

not get delayed due to variation in current surgery duration, may lead to under-utilization of 

resources.  

Also, I found similar results as put forward by Dexter et al. (2000) regarding unavailability 

of adequate sample size for predicting arithmetic mean of surgical cases. A major reason for the 

same is because most of the surgical cases have different combination of CPT codes leading to 

variation in the surgery type and thus inadequate sample size for specialized surgeries.  
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Table 3 shows the results of paired t-test to find the difference between planned and actual 

surgery duration of Laparoscopic Cholecystectomy with Cholan cases performed by different 

surgeons. As evident from the table, different surgeons have significant variation in the average 

duration required for same surgery specialty. This significant variation proves that different 

surgeons have different pace in performing the same surgery specialty and this should be 

considered while using arithmetic mean of historical data for scheduling cases and thus as opposed 

to the theory put forth by Macario et al. (1999) that if no recent surgeon-procedure specific 

historical data is available for duration prediction, calculating mean of procedure duration by other 

surgeons gives the same accuracy as other sophisticated techniques, I argue that as different 

surgeons have significantly different pace, calculating of mean of similar procedure performed by 

other surgeons shall not be used. 

Also, from figure 23, the Q-Q plot of variation in surgery duration, I conclude that our 

dataset is almost normal and the results of my analysis differs from the results achieved by Strum 

et al. (2000), Hancock et al. (1988), Zhou et al. (1998) and Li et al. (2009) who found that 

lognormal distributions fit surgery duration data better than normal distribution as mentioned in 

literature review mentioned earlier.   

Also, table 2 shows the results of paired t-test performed for analyzing difference in 

planned and actual surgery duration of different specialties. This analysis shows that there is a 

huge window of improvement in improving surgery duration prediction and thus this area requires 

further research to reap maximum benefits from process improvements leading to reduced 

variability in perioperative process.  

SCHEDULING HEURISTICS AND ITS IMPACT ON SURGICAL SCHEDULE 

Various scheduling heuristics have been discussed in literature to improve surgery scheduling 

based on various rules to achieve maximum throughput in most economical manner to balance 

under and over utilization of OR’s. 
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Heuristics for schedule optimization available in the scheduling system of the hospital included 

sorting by age, anesthesia class and wound class of patients and their combinations. Out of these 

available options, the hospital utilized only the rule of sorting by age and this strategy was used 

for 2 surgeons only. These heuristics enable scheduler to optimize the surgical schedule but due to 

various practical considerations, could not be used to the extent possible. The biggest hindrance to 

utilizing these heuristics was that most of the surgeries are scheduled as add-ons or close to the 

DoS. Thus the scheduler is not able to have an idea of all cases till the DoS to optimize the surgical 

schedule. Also, day and time of surgery is requested by the Doctor and is coordinated with patients 

in advance at the time of booking a block. Any changes made to the surgical schedule in reordering 

or sorting of cases based on these rules changes the surgical schedule and thus has to be 

coordinated again with all stakeholders which require significant time and resources by 

departments such as PAT and also from doctors’ office.  

Also from the literature, Dexter et al. (2002) gave valuable insight into scheduling using rules such 

as early start time and latest start time. Although, these rules can be very helpful in improving OR 

and resource utilization, these rules were not practical in the case study as the basic assumption of 

these works that surgery duration is deterministic or will not vary much from the planned duration 

doesn’t reflect practical scenario and thus can’t be used. 

Also, from the case study I found that the findings of Wachter et al. (2009) about generation of a 

modified schedule on the DoS incorporating changes to counter tardiness faced by the previous 

cases can be very helpful but requires significant coordination among hospital resources especially 

scheduler, OR staff, pre-op and anesthesia. As shown in Figure 29 and 30, various stakeholders 

are involved in the delivery of planned surgical schedule and its tracking and online control is done 

by using the status updates made on the board manually by the pre-op nurses and OR staff as 

discussed earlier. This practice makes changing OR schedule on the DoS extremely difficult as all 

stakeholders shall be communicated and coordinated to make any changes within a very short time 

available. Other techniques such as flip-flopping were decided and coordinated by the OR 



87 

 

management team and surgeon on the DoS if possible. Using this technique, if multiple OR were 

available on the DoS, the surgeon uses them so that to-follow cases can be carried out one after 

the other in these rooms and the lost time in turnover period can be avoided. This strategy, though 

extremely helpful in improving OR throughput and reducing waste in perioperative process flow, 

was not used to the full extent as the details regarding availability of ORs is not available till a day 

before DoS because of the high number of add-ons and last minute cases. Also, coordination 

between all stakeholders and surgeon on the DoS to execute flip-flopping successfully is extremely 

complex.    

Further analysis was done using the data available to assess various heuristics and its applicability 

in practice. Table 4 and 5 represents the analysis done to further analyze the impact variability in 

short and long surgeries have on the elective schedule. Table 4 is a self-explanatory analysis of 

variation in surgery type of different scheduled duration. It can be seen that as the surgery duration 

increases, the number of surgeries having major delay from scheduled duration decreases. But 

another thing to notice is the relative impact that these long surgeries have on the elective schedule. 

Thus if a surgery of 15 minutes gets delayed by 200%, the disruption caused to the elective 

schedule is 30 minutes (as 20% delay would mean actual duration of 45 minutes) whereas if a 

longer surgery (for example 90 minutes) faces the same delay, the elective schedule is affected by 

270 minutes and thus causes major disruption in the planned surgical schedule as compared to the 

smaller surgeries.  

To further analyze this theory, analysis as shown in Table 5 was done in which surgeries were 

divided into 3 groups viz. (Short surgeries – 0 - <=45 minutes), medium surgeries (45 – 90 minutes) 

and long surgeries (>= 90 minutes). The results of the analysis are similar to the conclusions made 

by Lebowitz (2003) in which they argue that scheduling shorter surgeries leads to better OR 

efficiency as they have less inherent variability as compared to longer procedures. From table 5, it 

is evident that shorter surgeries tend to have smaller standard deviation and thus variance as 

compared to longer surgeries and thus if arithmetic mean of historical data is used as a basis to 
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estimate surgery duration, scheduling of shorter surgeries first will have less variability as 

compared to longer surgeries.  

Also, Strum et al. (2000) concludes that to reduce variability in surgical schedule, longer surgeries 

should be scheduled first or earlier in the day so that the to follow shorter surgeries can be 

dynamically added or deleted based on overutilization or underutilization. This analysis shows that 

this theory is not practical as longer surgeries have more inherent variability as compared to shorter 

surgeries and also short surgeries could not be dynamically added or deleted in the case of hospital 

as it requires major coordination among various stakeholders, doctors’ office and patient to 

schedule a surgery and thus can’t be added or deleted dynamically at online level. 

TURNOVER PROCESS 

Turnover time is the time interval between two surgeries i.e. the difference between the 

time that a new patient enters OR and the time previous patient leaves OR. This time represents a 

waste in the perioperative process as it is non-productive time for expensive OR resources and also 

the surgeon. As the data set for the case study does not include these time stamps, it was not 

possible for this case study to analyze it. 

But as this aspect of perioperative process is so critical, the team discussed various process 

improvement measures to reduce turnover process. Flip-flopping (discussed in previous section) 

is one of the potential solutions to decrease turnover time and lead to better OR throughput and 

utilization of expensive resources, but as discussed earlier, it requires significant coordination at 

online level and thus its benefits cannot be utilized to the extent possible. Also, the scheduling 

system used by the hospital had no provisions for planning flip-flopping and thus was completely 

dependent on the coordination of different stakeholders.  

Another potential solution to reduction of turnover time is using parallel processes 

(Friedman et al. (2006), Malangoni (2006) instead of conventional series turnaround process. In 

parallel turnaround process, a patient is wheeled into OR and sedated and anesthesized while the 
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room is still getting cleaned. The hospital utilized series process and thus the benefits or trade-off 

of parallel processes could not be assessed but implementation of this approach along with the 

process redesign associated requires future research and based on semi-structured interviews 

conducted, can lead to significant improvement in perioperative process.  

ROBUST SCHEDULING 

Robust scheduling is the process of making schedules that are flexible to the inherent 

uncertainties (Herroelen et al., 2004). As discussed earlier, perioperative environment is a highly 

complex system involving various stakeholders and inherent uncertainties associated with each 

and every process element. Thus, from the case study I conclude that surgical schedule should be 

made robust to avoid disruptions leading to inefficient utilization of OR resources. Oostrum et al. 

(2008) put forth a very important issue regarding robustness of a surgical schedule against 

disruptions and against “cheating”. They argue that stable schedules are those that are robust to 

both, disruptions caused to the individual cases and cope with the actors trying to cheat the system 

by driving planning in their direction such as doctors requesting more time than required for 

scheduling surgeries and thus blocking bigger blocks than required.  

To gauge it further, Figure 4 and 5 represent the analysis done for assessing the patient mix 

of the hospital. This analysis helped the team to concentrate efforts on reaping maximum benefits 

by focusing performance improvement measures on the biggest patient and case mix. It is evident 

from Figure 5 that outpatients represent the majority of case mix in the hospital. But further 

analysis done in Table 1 puts light on the distribution of patients from admission source description 

to further dive into the case mix and brings a very important issue to forefront regarding the patient 

population comprising inpatients.  

Even though inpatient case mix is slightly less in volume as compared to outpatients, it is 

evident from Table 1 that most of the inpatients are scheduled within 24 hours of scheduled surgery 
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start. This performance is further represented in Figure 10. Also majority of these cases are 

scheduled as add-ons and their distribution and scheduling analysis is as shown in Figure 6 and 7. 

The impact that add-ons and their associated uncertainty have on the perioperative process 

has been discussed in detail earlier and thus I argue that in order to minimize disruptions on the 

DoS, the surgical schedule, especially for inpatient scheduling, shall be made robust by 

incorporating planned slack time in the block scheduling at tactical level. 

Figure 11 and 12 shows the analysis done to assess the scheduling of cases by different 

specialties and surgeons. This analysis can be complimented further with past scheduling and OR 

utilization data of the hospital and can aid the OR manager to make decisions at tactical level to 

include planned slack time in block schedule, thus making it more robust and flexible to both 

disruptions and “cheating” as explained in Oostrum et al. (2008). 

FACTORS AFFECTING PERIOPERATIVE PROCESS OF THE HOSPITAL 

Following a detailed process flow diagram summarizes the perioperative process flow and 

the different factors affecting the same at each process element. This analysis serves as a summary 

of the case study performed. The different factors affecting the perioperative process of the hospital 

are marked in Figure 31 and are as follows:- 
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Table 6 Factors affecting perioperative process flow (Legend for figure 31) 

1. Effect of Add-Ons on Schedule 13. Flip Flopping 

2. Definition of start time of surgery 14. Availability of Vendor Supplies 

3. Available Blocks 15. Accuracy of predicted Turnover 

time 

4. Operating Room Selection 16. Accuracy of Setup/ Teardown time 

prediction 

5. Clash Detection 17. Waiting time in OR 

6. Optimization Heuristics / Scheduling 

Rules 

18. PACU bed availability 

7. Time between DoC & DoS 19. Downstream disruptions 

8. Accuracy of Duration Prediction 20. Updated preference card 

9. Temporary Staffing 21. Effect of Emergencies 

10. Availability of Interpreter 22. Late Cancellations 

11. Data Error/ Missing Data 23. Calling Patients 

12. Series/ Parallel Workflow 24. Data Re-Entry / Multiple Systems 
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Figure 31 Factors affecting perioperative process 
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The 24 factors listed above and discussed in detail earlier represents a 

comprehensive list of factors impacting perioperative process flow at different stages for 

the hospital. Also, as the intent of this thesis is to look at the perioperative process from a 

systems perspective rather than myopic activity level, I argue that all factors are equally 

important to ensure planned delivery of surgical schedule and reduce the inherent 

variability in perioperative process.  

Apart from factor 7, 21 and 22, other factors are controllable and efficient planning 

and control can significantly improve the perioperative process performance measures 

discussed earlier. 
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Chapter 8 Conclusions and Future Research 

Continuously increasing cost and demand for healthcare has attracted interests of 

various researchers in OR planning and scheduling over the past years. As discussed 

earlier, OR planning involves various stakeholders with conflicting incentives thus posing 

a complex problem. This exploratory research with the objective of studying perioperative 

process flow from a systems perspective and analyze causes for disruptions to take process 

improvement measures at a systems level rather than myopic activity level discusses 

various reasons that were brought in light over the period of case study that caused 

disruptions in the perioperative process flow. I also reviewed various works in literature 

and analyzed the gaps in theoretical and practical applications with the objective of putting 

the practitioners’ perspective and problems encountered in practice in light so that both 

theoretical and practical issues can be bridged leading to improved perioperative process 

flow thus ensuring safe and affordable perioperative care for patients. This final chapter 

will review the research contributions of this thesis as well as discuss directions for future 

research. 

Contributions 

The following are main contributions of this thesis and has been categorized as 

contributions to academia and practitioners:- 

Contributions to Academia 

 I identified significant gaps in relevant existing literature from my field 

research and validated the same through semi-structured interviews and 
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extensive data analysis that inhibits application of theoretical models to 

practical problems in perioperative environment. Some of these gaps are:- 

o Add-ons shall not be regarded as “holes” to improve OR throughput 

and utilization (Chapter 3 and 7). 

o I identified 24 factors (Chapter 7) which impact different stages of 

the perioperative process flow and also document the perioperative 

process flow including different stakeholders with unalike 

incentives thus substantiating my proposition that to reduce 

variability in perioperative process, improvement measures shall be 

taken at systems level and not myopic activity level. 

o I discuss implications of use of arithmetic mean of historical surgical 

durations to predict surgery duration by analyzing 7 months of 

surgical data (Chapter 5). 

o I critique different scheduling algorithms and scheduling rules from 

existing literature discussed in Chapter 3 and 7 and substantiate the 

same with data analysis to align theoretical models with practical 

considerations. 

 These gaps critiques existing literature and paves direction for future 

research efforts so that theoretical models can be aligned more closely with 

practical aspects leading to attainment of pivotal objective of reducing variability 

in perioperative process flow. 

 I analyzed various performance measures (Chapter 5) by extensive data 

analysis and also identified both controllable and uncontrollable factors 
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(Chapter 6 and 7) that impact the perioperative process flow at different 

stages helping researchers to focus on factors that causes variability in 

perioperative process.  

 I documented the perioperative process flow (Chapter 2, 6) covering all 

functional groups from my field research helping researchers and providing 

a model to substantiate their findings and proposed process improvement 

measures. Also, detailed process flow diagrams document the inherent 

interdependencies between different functional groups thus substantiating 

future research efforts in system level process improvement measures rather 

than current approach of guiding improvements at myopic activity level.  

 

Contributions to Practitioners 

 I performed extensive data analysis (Chapter 5) and provided a list of factors 

impacting perioperative process flow at a systems level (Chapters 6 and 7) 

helping OR managers and practitioners in initiating process improvement 

measures to reduce variability in perioperative process. 

 I proposed various solutions (Chapter 7) such as staggering first cases of the 

day, shared definition of start time of surgery, practical heuristics and 

different analysis using historical data to reduce intrinsic randomness in 

perioperative process and substantiated the same by extensive data analysis. 
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 I document detailed process flow diagrams (Chapter 2, 6) from my field 

research aiding OR Managers and relevant stakeholders to use it as a basis 

for taking process improvement measures at a systems level. 

 I bring to light and substantiate with extensive data analysis the impact that 

growing number of add-ons have on the perioperative process flow and also 

provide recommendations to use historical data 9Chapter 7) to design 

planned slack time in the block schedule to proactively manage variability 

because of these cases as opposed to the reactive approach. 

Future Research 

Perioperative process flow from a systems perspective is still an unexplored area 

and I suggest the following steps to further this research and lead to achieving the objective 

of improving perioperative process flow and removing variability from the system:- 

1. Simulation – I haven’t used simulation to analyze various performance 

improvement measures discussed in Chapter 7 earlier in the scope of this case 

study research. Scenarios to assess the impact of measures discussed such as 

shared definition of start time of surgery, reduced add-ons and planned slack 

time, improvements in surgery duration predictions and planned slacks for the 

same in block scheduling, impact of use of various scheduling heuristics on OR 

utilization and throughput shall be analyzed. Use of historical data to 

retrospectively study the impact of these interventions can aid decision makers 

and OR Managers to take process improvement measures intelligently. 
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Perioperative process flow diagrams from my case study can serve as a stepping 

stone to guide research in this direction. 

2. Trade-off between modified block scheduling and increasing number of add-

ons – As discussed earlier, in modified block scheduling either some TBs are 

booked for different surgeons and surgical cases and rest of the available TBs 

are kept open on a FCFS basis or TBs that remained unused after a specified 

cut-off period are released for use on FCFS basis for other surgeons or surgical 

groups. In the previous approach, leaving large TBs unblocked may lead to 

organizational issues such as doctors complaining for inadequate block time to 

schedule their surgeries and may lead to under-utilization of expensive OR 

resources. Also, in the latter case, due to unavailability of open blocks for 

scheduling surgeries by doctors outside their block time or for doctors who do 

not have a designated block, they have to wait for the availability of open slots 

after the cut-off period is released i.e. within a 3 day window in case of the 

hospital. This approach may lead to increase in the number of add-ons or cases 

that are added to the schedule after the surgical schedule is prepared and 

released to fill unreserved OR spaces. The impact of these last minute cases on 

the variability and resource utilization of perioperative process flow has been 

discussed in Chapter 7. 

Thus, this aspect of perioperative process flow which was not studied in the 

scope of this study guarantees huge potential to lead to industry wide 

improvements by analyzing the trade-offs of these two approaches to aid OR 
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managers and other stakeholders in tactical planning and setting up block 

schedule for the hospital. 

3. Series and parallel processing – As discussed in Chapter 7, the hospital 

practiced series process flow with sequential steps in the entire perioperative 

process flow. Some discussion regarding parallel process flow and its potential 

improvements have been discussed in Chapter 7 but further study to analyze 

and document perioperative process flow diagrams for parallel processing can 

be a great contribution helping practitioners and researchers equally. 

4. Flip flopping and steps required to achieve the same – One of the process 

improvement measure as discussed by the team in the focused group 

discussions was flip flopping which is discussed in Chapter 7. In flip flopping 

multiple OR’s are used by the same surgeon to avoid wastage or non-value 

adding turnover time thus saving time and optimizing resource utilization. 

Further research regarding information required, OR distribution, coordination 

required at online level and financial analysis of trade-off between expenses of 

blocking two OR’s and respective resources versus the benefits of reduction in 

non-value adding turnover time shall be further analyzed. 
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Appendices:  

Variation in start of surgery 
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Cancellation Analysis 
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Monthly frequency of cancelled cases 
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