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Abstract 

In the Portuguese National Health System, hospitals are critical once they aim to guarantee 

patient’s requirements. Hospital’s Operating Theatres are of most importance to hospitals and 

influence their outcomes. The large and time-consuming waiting list lead to the concern of 

continuously improve the service provided by improving the efficiency within the processes. 

Central Operating Theatre (COT) of Centro Hospitalar Lisboa Norte (CHLN) is the case 

understudy. The perioperative process of COT is mapped to identify the activities and resources 

within the process. This allows the detection of the flaw points existent in the process and the 

proposal of solutions. The development of intraoperative indicators is performed to help the 

organization to evaluate the intraoperative process. In addition, the development of a tool for 

Operating Room (OR) scheduling and materials’ planning is performed.  

Keywords: Central Operating Theatre, Operating Room, Perioperative Process, Inefficiency, 

Lean, Intraoperative indicators.  

 

1. Introduction 

Healthcare is a service industry where the 

requirements of patients (consumers) are 

critical to its development and should be 

aligned with the organization’s objectives [1]. 

In Portugal, the National Health Service 

(Sistema Nacional de Saúde, SNS) aims to 

ensure the population’s right to high quality 

healthcare treatment. Its main objective is to 

protect the individual and collective health 

and to do so, it is composed by integrated 

health care – promotion and vigilance of 

health, patient’s disease prevention, 

diagnosis and treatment, and medical and 

social rehabilitation. The strategic path of the 

SNS is determined by the National 

Healthcare Plan (Plano Nacional de Saúde) 

which aims to maximize the gains in 

population’s health by aligning and 

integrating sustainable efforts in all society’s 

sectors and the focus is on access, quality, 

sustainable policies and citizenry. 

Considering this, the most recent National 

Healthcare Plan (until 2020) builds upon the 

previous ones and aims to maximize the 

results and to be aligned with the principles 

and strategic orientations of the World 

Health Organization [2].  

In this context, Hospitals as critical 

organizations in the health system require 

organization of processes that guarantee a 

sustainable performance. A sustainable 

performance is not only a high financial 

capacity, but also an efficient use of 

available resources while meeting the 

patient’s needs. Towards this, critical 

services within the hospital should be highly 

organized as is the case of OTs. The 

surgical interventions performed, in the OTs, 

are the major source of admissions into a 

hospital. This and the large and steadily 
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increasing surgical demand [3] [4], leads to 

a service with large expenses but also a 

source of revenues, while having a very 

important role in the health being of patients 

and in the performance of many other units 

of the hospital. For instance, recovery rooms 

are downstream services and provide a 

monitored rehabilitation of the patient after 

surgery. Therefore, OTs and the respective 

recovery rooms are critical assets to 

hospitals[5]. Moreover, the improvement of 

the processes in the operating theatres is 

critical to fulfill the requirements of Sistema 

Integrado de Gestão de Inscritos para 

Cirurgia (SIGIC) and reduce the waiting times 

of the patients, without increasing the 

available of resources and consequently the 

costs [6].  

Thereby, COT is the case understudy and its 

inefficiency is a major concern to the 

stakeholders of Hospital Santa Maria (HSM) 

– CHLN. The objectives of this work are: 1) 

to understand the functioning of the 

organization’s culture and processes, 2) to 

map the current perioperative process, and 

3) to identify the existing flaw points which 

may lead to inefficiency.  

2. Literature Review  

Efficiency is a concern of all industries and 

healthcare, as a service industry, is not an 

exception. The identification of inefficiencies 

– lack of efficiency – is crucial and lead to an 

urge for improvement. In addition, the 

monitoring of the process is required to 

evaluate the obtained results. This can only 

be achieved by engaging the stakeholders in 

the improvement process.  

2.1. Inefficiencies Causes and 

Solutions  

Delays are the major inefficiency identified in 

healthcare systems. Delays may have origin 

in patients or the organization. Considering 

the patients, the main causes are the 

delayed for admission on surgery’s day [7] 

[8] and the not attendance to consultations 

[9]. Moreover, the lack or time-consuming 

exams or labs results [7] [10] [11] – in 

preoperative - ignite surgical delays as for 

the 1st case starts and other cases during the 

day – in intraoperative. A surgery is 

conditioned by the patient to be the clearly 

informed or transferred to OR, the missing or 

redundant documentation for transferences 

[12] [10] [13] [14] or consents [8] [13] are a 

source of case’s delays or cancellations. 

Moreover, the prolonged length of stay of 

patients is also a reason for delays which are 

caused by discharge’s delays. This reflects 

on resources’ occupation required for other 

admissions [15]. 

Considering the organization’s causes – the 

hospital -, resources are the major 

contributor to lags in healthcare and have a 

relation with inefficiencies in processes. 

Misallocation or lack of beds [7] [15] [16] and 

inadequate equipment in procedure [17] [18] 

are considered origins of delay since both 

cause a stop in the system and consequently 

losses of value. In addition to equipment, the 

instruments are also linked to inefficiency in 

the process by lack of checklists for material 

preparation which bases on circulating 

nurse’s knowledge [19] and may lead to 

inadequate surgical sets [17] [20]. Moreover, 

the lack of preparation and standard 

supplies [12] has also to be accounted as 

well as the disorganized storage of 

equipment and instruments [21] [22] which 

lead to time wastes and frequent OR door 

openings. 

The existence of human resources is crucial 

in perioperative process. The unexpected 

absence of personnel [7] or lags directly 

related with nurses and doctors [10] 

compromises the functioning of the units and 

in some cases steer to their temporary 

closure [23] [24]. Doctors accumulate 

several functions that affect the arrival at the 

OR on time, such as morning rounds [13], 

evaluation of patients and requesting exams 

[11]. Likewise, nurses have overlapping 

activities [15] [25] [16] which compromise the 

respective functions.  

By identifying the inefficiencies, the solution 

development can be performed. 

Standardization is the most used solution not 

only used  in instruments and materials [19] 

[17] [7]  but also, in activities performed by 

the professionals [13] [26], resulting in time 
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gains by decreasing wasted time and delays 

in the perioperative process. 

2.2. Methods and Techniques 

With inefficiencies and solutions identified 

from literature, it is important to access the 

methods used to develop the author’s work. 

Different methods are used but the main are 

Lean Methodologies and Graphical Methods 

– mainly process map. In addition, Business 

Process Redesign can be used in healthcare 

projects to improve the systems’ efficiency.  

Graphical methods are used in both strategic 

and operational processes. Process map 

(PM) is a graphical tool to map the 

processes from beginning to end which 

exemplifies its functioning. Moreover, it 

supports stakeholders’ engagement. As 

examples of PM, there is the works of 

Bouamrane [9], Copenhaver et al. [19], 

Krvavac et al.  [8] and Aaronson et al. [12]. 

In all cases, the process is mapped, and the 

inefficiencies and waste are identified. 

To study the material and product flows,  

Spaghetti Diagrams are used as a way of 

tracking the path of the materials or products 

and identify circuits leading to the 

development of flow improvement [27]. As 

an example of its use in healthcare is the 

study of circulate nurses’ circuits to verify the 

impact of OR layout in circuits, as addresses 

by Bayramzadeh et al. [22].  

Both graphical methods – PM and Spaghetti 

Diagrams – can be used as a single tool or 

associated to other methodologies, such as 

lean methodology. Lean methodology was 

first used in manufacturing by Toyota but has 

been applied also on services industry as it 

is the case of healthcare. Lean is used to 

improve the process by reducing the waste 

and betting on value-added activities to 

propel systems’ efficiency. To healthcare, it 

is important to focus on valuable activities for 

the patient and reduce the waiting times and 

errors [8] [12] [19]. Lean is composed by 

several tools that can be used such as 5S, 

Kanban and most recently the association 

with 6 sigma – Lean 6 Sigma [11].In addition 

to this methodologies, it is the Business 

Process Redesign which is also used for 

efficiency improvement by involve the 

combination of business process, 

organization structure and information 

technology (IT) change [28].  

2.3. OR indicators  

Considering inefficiencies, solutions and 

techniques, the assessment of indicators 

evaluate processes before and after 

improvements implementation is required. 

Several authors use indicators without using 

this terminology to address them. Despite 

this, the Portuguese system has already 

some indicators used in the report of 

Avaliação da Situação Nacional dos Blocos 

Operatórios [4]. Moreover, it is verified a lack 

of standardized indicators that reflects on the 

choices of the different authors to monitor 

processes. Therefore, the standardization of 

the indicators is required although until then, 

the stakeholders must be involved in 

indicator’s choosing since monitoring 

requires the most knowledge about the 

process. 

2.4. Engagement of Stakeholders 

To enhance the results obtained, the 

engagement of stakeholders is important 

since it is a contribution of different settings, 

understanding levels and goals. In addition, 

stakeholder’s knowledge provides valuable 

insights of the organizations about problem’s 

characteristics, participation into solution’s 

identification and the model’s construction, 

acceptance and results [29] [30] [31]. This 

engagement can be performed through 

different channels: interviews, surveys and 

meetings.  

3. Case Study  

The CHLN is a public hospital center and is 

a major reference to the National Health 

Service which provide direct health services 

to 375k inhabitants. Since 2007, CHLN is 

composed by two main hospital facilities: 

HSM and Hospital Pulido Valente. The COT 

of HSM – CHLN - is the case understudy.  

In COT, four specialties perform elective 

surgeries – orthopedics, vascular, general 

and urology. In addition, there is the 

emergency surgery which considers all 

hospital’s specialties. Based on this, COT’s 

system can be described based on different 
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parameters, namely the surgical waiting list, 

facilities, process, surgery scheduling.  

3.1. Surgical waiting list 

All specialties have several types of patients, 

who are evaluated to access the pathology’s 

urge for surgery and classified by using a 

priority system – from high priority to normal. 

This classification defines the Maximum 

Guarantee Response Time (MGRT) [32] to 

each priority level which may be compared 

with the actual waiting time of COT’s patients 

[33]. It is possible to access that every 

specialty is complying the stablished MGRT 

resorting on COT’s teams and surgical 

vouchers that allows the patient to receive 

treatment in other institution [34] [35].  

Despite the compliance of the surgical 

waiting list to the MGRT, there is a large 

number of patients waiting for surgery in the 

different patient’s classification, as the 

example of Table 1 [33].  

Table 1: Number of patients in the waiting list who are 
evaluated as normal - non oncological disease [33]. 
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3.2. Facilities  

COT is in the 5th floor of HSM and it is 

composed by 5 OTs – 4 OTs in the 5th floor 

and another one in other location which is 

not considered to this work. Each OT is 

composed by 2 ORs, 2 disinfection rooms, a 

decontamination room, a material’s storage 

room and a working room.  

The allocation of the ORs to the specialties 

is performed as block scheduling – each 

room is allocated permanently to each 

specialty – and its allocation is performed by 

COT’s direction (Table 2).  

In addition to this OTs, there is a Post 

Anesthetic Care Unit (PACU) which works 

24h a day and it aims to receive the patients 

after surgery for a 2/3h period.  

Table 2: Distribution of the ORs by the specialties. 

 

 

OR A OR B 

OT 1 Orthopedy Orthopedy 

OT 2 General Surgery General Surgery 

OT 3 Vascular Surgery Urology 

OT 4 Emergency Emergency 

 

3.3. Process 

COT has the perioperative process which 

considers the patient pathway and it is 

composed by 3 subprocesses – 

preoperative, intraoperative and 

postoperative - which complies all the 

activities from the identification of surgical 

requirement on the external consultation to 

the patient’s discharge after surgery.  

The preoperative process includes all 

activities from the external consultation to 

the patient’s transference to the OT on the 

surgery’s day, e.g. internment. When the 

patient arrives at the OT, the intraoperative 

process starts until the patient is transported 

from OR to the postoperative unit. The 

surgery’s recovery is the postoperative 

process which includes patient’s arrival to 

the postoperative unit until discharge.  

3.4. Surgery Scheduling 

The scheduling of activities has an important 

impact on COT’s functioning. Each specialty 

is responsible for the cases’ scheduling and 

respective presentation to COT’s Director in 

the previous week. The surgical schedule 

considers the surgical hours from 8 a.m. to 8 

p.m. from Monday to Friday for OT1 to OT3 

with exception of emergency ORs which 

functions 24h a day, including weekends. 

Moreover, COT performs afterhours 

surgeries from the incentive system for the 

recovery of waiting lists for surgery [36] to 

overcome the high waiting lists.  

In addition, a monthly scheduling is 

performed for personnel which may sustain 

changes due to unexpected constrains – 

e.g. absences and strikes. Considering 

elective surgeries, nurses may be assigned 

to 8 a.m. to 3 p.m. or 15 p.m. to 10 p.m. shift. 

The nurses from emergency ORs and PACU 

can be assigned 8 a.m. to 3 p.m.; 15 p.m. to 

10:30 p.m. or 10:30 p.m. to 8 a.m. shift. 
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4. Methodology 

An inefficiency problem of COT is identified, 

to solve it, a 4-step methodology is applied 

(Figure 1).  

The 1st step – understanding – comprehends 

the understanding of COT to identify the 

problem and goals. In addition, the 

engagement of the stakeholders is 

performed.  

 

Figure 1: Methodology steps. 

Subsequently, the procedure step takes 

place in which the perioperative process is 

mapped, and the flaw points are identified. 

With the identification of the flaw points, the 

re-engineering step begins by proposing 

solutions. One of these solutions is chosen – 

surgical duration and material planning. The 

Spaghetti Diagram is applied to evaluate the 

OR circuits and flaw point confirmation. 

Then, the development of a user-friendly tool 

for OR Scheduling and materials’ planning is 

developed in Microsoft Excel.  

The last step is the implementation of the 

solution into the real-life system and its 

evaluation.  

5. Results presentation and 

Discussion 

This section aims to present and discuss the 

obtained results considering the objectives 

defined. The 1st and 2nd objectives are 

directly related once process mapping 

requires the understanding of the 

organization’s culture and processes. With 

this large understanding. With the process 

map, the identification of the flaw points can 

be performed, and solutions proposed - 3rd 

goal.  

 

 

 

5.1. Process Mapping  

COT’s perioperative process is divided in 3 

subprocesses – preoperative, intraoperative 

and postoperative. Each process has a 

sequence of activities describing the 

patient’s pathway from external consultation 

to discharge. A macro and micro scale of the 

process map of each subprocess is 

performed and described separately. 

5.1.1. Preoperative process  

Preoperative process begins in external 

consultation – surgical requirement - until the 

patient’s transport to OT.  

The patient is referred from another health 

center to the CHLN and (s)he is evaluated 

on the external consultation by the surgeon 

to verify surgical requirement which 

generates a positive surgical decision if it is 

verified. Consequently, a surgical proposal 

is placed in the system and the patient 

enters the surgical waiting list.  

To confirm the diagnosis, the patient 

performs a series of complementary exams, 

namely blood analysis, electrocardiogram 

(ECG) and thorax tele radiography (chest x-

ray). With exams’ completion, the patient is 

informed of the surgical procedure and 

proceed to the anesthesia consultation in 

which the anesthesiologist evaluates the 

patient and possible complications from 

anesthesia induction. Nowadays, the 

anesthesia consultation is only performed to 

the high-risk patients. Subsequently, the 

patient waits for the internment which occurs 

on surgery’s previous day or on surgery’s 

day if there are no available beds.  

During the internment, the patient is 

observed by the anesthesiologist to confirm 

the data of anesthesia consultation or to 

collect data when there is no anesthesia 

consultation. Ultimately, the patient is 

transferred to the OT and the intraoperative 

process starts.  

5.1.2. Intraoperative process 

Intraoperative process starts with patient's 

arrival to the OT and it is completed with the 

transport to the post operatory unit. 

Understand Procedure

Re-engineering Implementation



   
 

  6 
 

The patient arrives at the OT and (s)he is 

prepared to enter the OR (e.g. moved to the 

marquise and removal of the internment 

clothes). When prepared, the patient enters 

the OR and (s)he is prepared for anesthesia 

induction. When anesthetized, the patient is 

positioned for the surgery and, in parallel, 

the material is prepared, and the surgeons 

are scrubbing in.  

With all conditions united, the surgery is 

performed, and which duration is dependent 

on surgeons’ experience and the 

pathology’s extension. Before surgery’s end, 

the material used is confirmed by the 

medical team and the patient is closed and 

waken up by the anesthesiologist and 

anesthesia nurse. When the patient is awake 

and responsive, (s)he is transferred to the 

interchange area and prepared for transport 

to post operatory unit. The transportation 

completes the activities from intraoperative 

process. 

5.1.3. Postoperative process  

The postoperative process begins with the 

patient arrival at the post operatory unit 

which depends on the patient’s health state 

and level of monitorization required. If the 

patient requires a high monitorization and 

the health state is considered critical, (s)he 

is transferred to the intensive care unit. 

When there is a medium monitoring 

necessity, the patient is directed to the 

intermediate care unit. Otherwise the patient 

goes to PACU.  

In PACU, the patient, anesthesiologist and 

the anesthesia nurse are received by 

PACU’s team and informed about the patient 

state. After patient’s monitoring in PACU and 

patient has conditions to be transferred, 

(s)he is directed to a suitable unit – e.g. from 

PACU, (s)he is transferred to the nursery. In 

the nursery, the patient is evaluated and 

monitored. Then, the discharge is provided 

by the surgeon and the patient goes home. 

5.2. Flaw points and proposed solutions 

With the process map of the perioperative 

process, it is possible to identify the flaw 

points in each subprocess – preoperative, 

intraoperative and postoperative. The 

identification is performed by observations 

on sight and professionals’ knowledge of the 

different subprocesses.  

5.2.1. Preoperative Process  

Preoperative process is vast and 

consequently, there are several flaw points 

identified. The lack of surgical proposal is an 

identified flaw point with origin in the lack of 

submission by the surgeon or the expired 

validity due to patient’s health state 

changes. Considering the anesthesia 

consultation, there is a lack of 

anesthesiologists and planning to perform 

this process activity since there is a lack of 

professionals and, in addition, there is 

absences and lags. To overcome this, the 

introduction of a digital anesthesia 

consultation would allow the patient’s data 

collection before internment. On surgery’s 

day, the patient is seen by the 

anesthesiologist and there is an 

identification of the inexistence of patients or 

its validity expiration that can be overtaken 

by the confirmation of the existence of the 

exams with a phone call on the previous 

days.  

Moreover, the maladjustment of capacity to 

demand, demand’s bad planning, lack of an 

integrated planning of process and the lack 

of clinical structure may reflect on the lack of 

beds in the internment. As a solution 

proposal, it is the integrated management of 

patients. To enter the intraoperative 

process, the patient transportation is 

required to the OT resulting on problems. A 

cause to this may be the lack of 

professionals overcome by the flexible 

scheduling of professionals; unknown 

location of patient; delay on patient’s 

preparation; and lack of communication.  

5.2.2. Intraoperative Process  

In similarity to the preoperative process, 

intraoperative process presents several flaw 

points.  

It is possible to identify 3 main flaw points: 

transportation, anesthesia delays and 

surgical delays. These flaw points have a 

human origin or a planning origin. It is visible 

the existence of the same origin to different 
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flaw points, such as the anesthesia delay 

and surgical delays, which have origin in the 

professionals and OR materials. Moreover, 

the surgical planning is also appointed as a 

cause for surgical delays since there is no 

borders defined to the surgical duration. This 

means that the occupation of the OR does 

not always consider the anesthesia and 

cleaning duration, which lead to errors and 

delays to the next surgeries.  

The solution proposed is developed with the 

assistance of the tool in Microsoft Excel 

which is addressed in the next section. 

5.2.3. Postoperative Process 

Postoperative process is the less vast 

subprocess within the perioperative process 

and consequently, the one which presents 

the smaller number of flaw points. 

Once again, the transportation problem is 

presented as a flaw point. In addition, the 

discharge delays influence the downstream 

activities since the patient’s bed is required 

for new internments. As causes for 

discharge delays there is the lack of 

availability of the surgeon and the post 

clinical structure. The first cause may be 

overcome by the introduction of more 

discharge periods and the 2nd by the 

integrative management of patient.  

5.3. Developed Solutions  

Based on the identified flaw points, 2 

solutions are developed to provide a tool for 

efficiency improvement in the perioperative 

process – intraoperative indicators and tool 

for OR scheduling and materials’ planning.  

5.3.1. Intraoperative Indicators  

The inexistence of defined indicators in 

COT’s system and more specific to the 

intraoperative process is of most concern. 

The intraoperative process requires the 

most closely monitoring since it 

concentrates 2 critical activities – surgery 

and anesthesia. Based on this, several 

indicators are defined to be applied (Table 

3). These indicators are divided in 6 classes 

based on the report of Avaliação da Situação 

Nacional dos Blocos Operatórios [4]. By 

implementing the proposed indicators (Table 

3), it is expected a close monitoring and 

evaluation of the current state and the 

improvements provided by the tool 

implementation. 

Table 3: Defined intraoperative indicators. 

Class Indicators 

Quality • % of daily compliance 

to the scheduled surgical plan; 

• Case duration 

accuracy;   

• % of first cases on-time;  

• % of patients with 

signed surgical consent before 

entering the OR.  

Complexity • Number of different 

resources used;  

• Availability of 

instruments;  

Occupation • OR occupancy level;  

• % of resources 

utilization. 

Cancellations •  % of cancelled 

surgeries;  

• % of delayed 

procedures due to patient’s 

delays; 

• % of delayed 

procedures due to medical team 

delays;  

Time  • % of idle time;  

• % of overtime; 

• Average patient time in 

the OT;  

• Average delay for 

cases not on-time; 

• Average OR 

preparation time.  

Satisfaction • Patient-reported 

outcomes;  

• Medical team 

complaints.   

 

5.3.2. Tool for OR scheduling and 

material planning  

Surgical delays is one of the identified flaw 

points in the intraoperative process. 

Knowing the criticality of the surgery and 

anesthesia, its overcome is of most concern. 

Considering the identified origins, there is 

the bad planning provided by not 

considering the anesthesia and cleaning 

times in the surgical plan; and the 

inexistence of materials’ planning or defined 

supplies within the OR.  

To confirm these flaw points and its origins, 

Spaghetti Diagrams are performed to 

evaluate the OR circuits. These Spaghetti 

Diagrams consider only the Circulant Nurse 
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(Figure 2) and the Anesthesiologist and 

Anesthesia Nurse (Figure 3) who are the 

professionals in the OR that perform more 

movements.  

The Spaghetti Diagram allows to conclude 

the large number of movements within the 

OR by the health professionals. This 

movements need to be reduced since they 

demonstrate the waste in time and value of 

the activities performed within the OR – e.g. 

to get supplies not planned and not present 

in the OR. Therefore, it is developed a tool 

which allows OR scheduling according to 

each surgery type and specialty, and to 

define the quantities of each supply to have 

in the OR to fulfill the daily demand based on 

the OR schedule. 

 

Figure 2: Spaghetti Diagram of Circulant Nurse's 
circuits, in OT4. 

 

Figure 3: Spaghetti Diagram of Anesthesiologist 
(orange) and Anesthetist Nurse’s (blue) circuit, in OT4. 

Based on this, the objective of this tool 

development must be defined before its 

starting phase – tool user-friendly which 

provides support for the specialties in 

surgery’s scheduling and material planning, 

which reflects directly on the efficiency of the 

system. The tool is developed in Microsoft 

Excel, so the professionals can use it without 

requiring an extra program in their computer 

and since this program can be considered 

easy to use by all stakeholders – 

administratives and doctors - since they 

already use it for diverse aspects – e.g. for 

the OR block scheduling. In addition, the 

excel sheets are in Portuguese so the user 

can have a direct association to its language. 

Considering the defined objectives, data 

from OT occupation is collected from 

CPCHS Software and with this, eliminate the 

requirement of observations on sight. The 

used data is from the period between March 

and April of 2018 and considers specialty, 

surgery and times – arrival at OR, entrance 

in OR, beginning of anesthesia, beginning of 

surgery, end of surgery, end of anesthesia, 

exit of OR, exit of OT.  

The data is treated and the average 

occupation of the OR by each patient is 

calculated considering the surgical duration, 

the anesthesia duration and the cleaning 

duration, as may be accessed in Table 4.  

Table 4: Sample of the treated data. 

Specialty Surgery Average 

Duration 

(h) 

 

Cirurgia 

Geral - U. 

Internamento 

ABLACAO DO 

ENDOMETRIO 

03:58:00 

Urologia - U. 

Internamento 

ADRENALECTOMIA 

BILATERAL 

02:45:00 

  

Considering this data (Table 4), the tool is 

developed. In the first column, the user 

chose the surgical specialty. With the 

specialty chosen, the user can chose the 

surgery (s)he intends to perform (Figure 4) – 

2nd column – and the duration regarding the 

OR occupation automatically appears in the 

tool (Figure 5).  

 

Figure 4: Selection of surgery to perform. 
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Figure 5: Duration regarding the OR occupation. 

Moreover, when there is available data, the 

number of materials required can appear in 

the 3rd column as it is illustrated in the 

compresses’ column.  

To help the user to control the total 

scheduled duration and compare it with the 

maximum OR activity duration (12h), a cell 

regarding the total duration is used and a 

semaphore color alert is performed in the 

“Aprovação” cell. This cell returns a green 

color if the total scheduled duration is under 

10h; yellow if the scheduled duration is 

between 10h and 12h; and a red color if the 

scheduled duration is over 12h.  

It is expected with this tool to decrease the 

number of movements of the professionals 

observed in the Spaghetti Diagram and 

consequently, improve the system’s 

efficiency.  

As future work, the surgeon and 

anesthesiologist who perform the surgery 

and anesthesia must be considered for 

calculating the average duration since it is 

influenced by its responsible.  

6. Conclusions and Future Work 

The perioperative process of COT is a 

complex system which involves many 

activities and resources. Its understanding is 

of most importance to the right 

characterization and description of activities. 

In addition, it is crucial the engagement of 

the stakeholders in the process map and the 

identification of flaw points. Solutions for the 

flaw points are proposed and 2 solutions are 

developed: intraoperative indicators and a 

tool for OR scheduling and materials’ 

planning is developed comprehending the 

surgery duration, the anesthesia duration 

and the cleaning duration to improve the 

scheduling accuracy.  

Several aspects can be further developed in 

the future. The Excel tool might include the 

option to consider the anesthesiologist and 

the surgeon that performs the surgery to 

compute the surgery duration and the type 

of surgery to compute the cleaning time. In 

addition, it is recommended the qualitative 

evaluation of the current state of the process 

and the comparison with the state achieved 

by the implementation of the proposed and 

developed solutions. With this evaluation, a 

new assessment of the flaw points should be 

performed, and the solutions proposed 

adapted, and further and new solutions 

proposed. By continuously monitoring and 

controlling the system, as well as 

implementing the solutions is expected to 

improve COT’s efficiency. Moreover, as 

future work, it is the implementation of the 

dissertation’s methodology to other 

specialties to access their state and 

consequently, if verified the same flaw 

points, the implementation of the OR 

Scheduling and material’s planning tool in 

their services. 
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