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Abstract   

We’re living times of economic  recession, with social changes accentuated by population aging. 
In Portugal, we witness an inversion of the demographic pyramid that has destabilized the equilibrium of 
the sector, since not only does an older population require wider health care but also a smaller active 
population diminishes the State’s fiscal revenues.  

These factors necessarily oblige the State to cut on spending, including health care, where one of the 
necessary measures is the reduction of the co-participation in the public servants’ health insurance, which 
represents a significant share of private organizations’ revenues.  

The goal of the sector’s agents is to offer the best health care with the greatest efficiency and speed at 
the least cost. Currently, to achieve a good performance in this system, it’s important and necessary to 
plan rationally the use of resources, specifically at strategic level.  

In this context, and in a first phase, the challenge that arises is that of evaluating the efficiency of one 
of the critical units of a health care unit, such as the surgery block (SB), based on a case study applied to 
Hospital Cuf Descobertas (HCD), In a second phase, facing the obtained results, analyze the decisions at 
strategic level such as the most appropriate choice of scheduling model, which prevision model to use and 
profile of type of block to assign to surgeons with the objective to increase the SB’s performance. In this 
sense, surgery block activity was analyzed at statistical level with the main focus on surgeons’ activity.     

Keywords: surgery block(SB), efficiency, scheduling strategy, forecasting models 

1 - Introduction

In Portugal, as the result of the serious 
economic crisis that the country is facing and the 
consequent tightening of fiscal policy, we 
witness a significant reduction in public spending 

in all sectors, including the Health sector. 
However, the private sector has suffered an 
increase in demand for its’ services associated 
with a constant pressure from consumers to 
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lower prices, which makes operational efficiency 
a critical factor for any organization working in 
the sector (José de Mello Saúde, 2011). 

The research seeks to be a support tool for 
decision makers, at the strategic level, in order 
to find solutions on this issue in terms of 
planning. The presented work is based on a 
health institution of Grupo José de Mello Saúde 
(JMS), Hospital Cuf Descobertas (HCD) which 
brings together a set of relevant characteristics 
(number of surgeons, capacity and demand) so 
that the results may be conclusive and subject to 
generalization. The company intends to manage 
the network of hospitals and clinics in an 
integrated manner at the lowest cost, aiming to 
ensure customer satisfaction. 

Given that the surgery block is an area of 
crucial importance for business profitability and 
service quality, it is necessary to ensure a 
satisfactory operation, cost control and flow 
harmonization of information, people, supplies 
and equipment which underlie its activity. 

According to Lamiri et al. (2007), on average 
the SB represents at least 40% of the total 
expenditure of a hospital, so it is critical to 
analyze the origin of its costs in order to reduce 
them and decrease this item in the global 
component of the hospital. In HCD, and in line 
with the conclusion of the Kyung and Cheryl 
article (2009), the main components of this cost 
item are salaries, employee benefits and clinical 
consumables. 

For this it is crucial to use tools to monitor the 
activity and to support planning in order to cope 
with the increasing number of patients operated 
in this department and the different variables that 
influence the cost and performance of the 
department. 

The collected data refers to the year 2012, 
focusing on surgical procedures that took place 
in the Central Surgery Block (CSB) and the 
Ambulatory Care Unit (ACU) performed by two 
types of physicians who are qualified to perform 
surgical procedures in HCD: doctors belonging 
to the group, who perform hospital 
appointments, and guest doctors, who are 
external to the institution and to which the block 
is made available to exercise their professional 
activity. 

The analyses of the activity of the SB will be 
supported by a literature review of the available 

methodologies that best suit the reality of HCD. 
Based on the existing methodologies and the 
application to the case study, it will be possible 
to know the actual efficiency of the SB, what 
scheduling strategy is the most appropriate for 
the hospital, the surgeon profile with fixed block, 
and the forecast model that must be 
implemented in the hospital. 

2 – Case Study 

In this chapter the HCD is characterized with 
main focus on the SB and its scheduling process 
as well as constraints that limit its performance. 

2.1 – HCD 

The HCD is located at Parque das Nações in 
Lisbon and it’s one of the private institutions with 
greater capacity to deliver health care in 
Portugal. This hospital started functioning in 
2001 and is deployed in 29.700m2. Taking into 
account the most important infrastructures for 
the clinical practice in the hospital, HCD 
provides: 

 5 Rooms in the Central Surgery Block with 7 
recovery beds; 

 2 rooms in the ACU and 1 room dedicated to 
Lasik surgery with 8 recovery beds; 

 3 Delivery Blocks with 5 recovery beds; 

 9 beds in the Intensive Care Unit, 2 of which 
in box; 

 145 nursing beds; 

 10 beds (5+5) in the Intermediate Care Unit 
and Neonatal Intensive Care Unit. 

Currently the average activity in the hospital 
per day translates into 1,100 consultations, 
1,500 examinations, 300 emergencies, 45 
operated patients, 11 births and 45 patients 
discharged. These numbers are the result of the 
wide range of health care offered, modern 
facilities and 44 agreements signed with major 
insurers and health subsystems. 

2.2 –HCD’s Surgery Block 

In the case of HCD, the SB comprises two 
distinct physical spaces, CSB and ACU. They 
work 24 hours a day, 365 days a year for urgent 
surgeries. For the scheduled activities this time 
is substantially reduced, given that for this type 
of surgery they work weekdays between 08:00 
and 23:00, in the case of BOC, and 08:00 the 
20:00 in the case of ACU.  
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CSB is the set of all operating theaters that 
presuppose patients’ hospitalization. The ACU is 
targeted at surgical procedures in which the 
patient does not need hospitalization leaving the 
hospital the day of surgery. Being the system 
very complex and despite the fact that CSB and 
ACU are situated in two different physical 
spaces, the scope of this work encompasses 
both, so whenever reference is made to SB, both 
CSB and ACU are enclosed. 

Given that this is a sensitive area of the 
hospital, the SB is also governed by a number of 
institutional rules to ensure its proper functioning 
in terms of human resources. 

For each surgery, HCD provides obligatorily a 
team composed of 4 elements:  

• Anesthetist  
• Anesthetist Nurse  
•  Instrumentalist  
• Auxiliary 

Additionally, an element can be requested/ 
added to the team when the complexity of the 
surgical procedure requires so. This further 
element is called circulating nurse. In the case of 
an external team to HCD, a nursing team of the 
respective SB must be used. 

2.3- SB Scheduling Process  

Currently HCD uses the Modified block 
scheduling. This strategy consists of assigning 
fixed weekly BT to surgeons who the hospital 
considers to have a level of activity that justifies 
this privilege, the so-called surgeons with fixed 
block (SFB), and fill the remaining time with a 
first-come-first-served (FCFS) basis, method by 
which the time of the block is assigned to the 
first surgeon to order it. 

The duration of the requested BT is defined 
by the surgeons, and the total requested time is 
the sum of their estimate for each of the 
surgeries they will execute in that BT. The 
surgeons provide the duration of each surgery 
based on their experience. 

The way the scheduling is done, from the 
surgeons’ standing, differs whether the surgeons 
have a bond with HCD or if they are guest 
doctors, and within that distinction if the 
surgeons have assigned a fixed block or not. 

If after consideration of a clinical case the 
surgeon believes that the patient requires a 
surgical intervention, he then fills out a surgical 
proposal in which he suggests a date that is 
convenient to him and his patient. This 
document is delivered to a Surgical Manager.  

The Surgical Manager has the function of 
being the intermediary between the physician, 
the patient and the secretary of the block. The 
Surgical Manager establishes contact with the 
patients, and is ready to answer any questions 
concerning the cost of all services provided by 
the hospital, and in the case that the patients 
have health insurance, indicates the insurance’s 
contribution. Once the clients are aware of the 
conditions of the surgery, and if they accept 
these conditions, the Surgical Manager forwards 
the surgical proposal to the Secretary of the 
block to check the time availability of the SB. 

If the date and time desired by the surgeon is 
available, the surgery is scheduled. If it has 
already been allocated to another doctor, the 
secretary of the block transmits this information 
to the surgical manager who will then contact the 
doctor so he may propose a new date and time.  

In the cases of SFBs, these will naturally 
require first their surgical procedures using their 
fixed BT and only when these are totally filled 
will they require other available BT.  

Concerning guest surgeons, the intervention 
of the surgical manager is eliminated giving way 
to a direct contact between the surgeons and the 
block secretary. The remaining procedure is 
similar. 

2.3 – Problem Definition 

Within this dissertation, apart from the contact 
with JMS logistics department based in 
Carnaxide, there was the opportunity to follow on 
the ground the day-to-day activities at the SB 
and talk with its stakeholders (employees, 
suppliers, clients / services beneficiaries, among 
others) in order to identify the constraints that 
limit the department in terms of planning, 
effectiveness and efficiency.   

We divide the constraints into two distinct 
stages: first we identify the constraints at the 
time of scheduling, and then the problems and 
pressures downstream of scheduling  
are clarified. 



 
 

 4 

 The main constraints at the time of 
scheduling are divided into three levels:  

 Medical Agenda: currently most doctors do 
not have their exclusive activity in HCD, ie 
they complement this activity with another, in 
a different hospital. This greatly limits the 
hours in which these doctors have availability 
to schedule surgeries. This condition is 
exacerbated because there are time slots that 
are requested most frequently by the doctors, 
which causes an overload of bookings on 
these "prime times” and underutilization at 
other times, making optimal use of the 
occupation of this department difficult. 

 Duration of surgeries: the indication of the 
duration of the surgeries, given by the 
surgeons, result in a constraint. Even taking 
into account the uncertainty associated with 
any surgical procedure, the fact that the 
hospital does not have control over this 
decision severely restricts management in 
terms of planning and optimization of the 
space. The estimate by surgeons makes the 
process bias, thus removing rigor. 

 Information needed: in order to manage, 
information is required. However, rigorous 
compiled data to support management of the 
SB activity is scarce at HCD. The fact that 
decision making is largely based on 
experience with reduce accurate information 
and little support documentation makes 
certain decisions more vulnerable to criticism 
and give way to mistrust amongst individuals 
who are influenced by these same decisions. 
Employees will better accept the introduction 
of measures backed by a document to 
support the decisions of the SB management, 
increasing the monitoring of processes and 
SB personnel, working and compiling that 
information in order to evaluate and manage 
with a higher degree of rigor and 
transparency the general performance of the 
SB and of all the collaborators involved in 
that department (HCD, 2012). 

Downstream of scheduling, constraints can 
also be divided into two levels: infrastructure and 
health insurance: 

 Infrastructures: In homologous terms, the 
number of operated patients grew last year 
throughout most months, which has put great 
pressure on the existing infrastructures to 
absorb the increase in demand. This 
limitation is not only at the level of available 
block rooms but also at infrastructures 

downstream of it, such as the number of beds 
available in recovery and PICU. 

 Health Insurance: When the planning of a 
surgery occurs, the health insurer company 
does not confirm immediately their share of 
the cost of the surgical procedure at hand. 
Sometimes this confirmation does not arrive 
by the date set for the surgery, which at the 
limit causes its cancellation. This constraint 
may cause a gap in the schedule that, if 
identified in advance, would allow the 
scheduling of another surgery. 

The objectives proposed with this dissertation 
are the following and seek to solve the problems 
at the moment of the scheduling: 

 Measure the effectiveness of the SB, 
identification of the sources of inefficiency 
and accounting its costs.  

 Assessment of the strategy to adopt at HCD 
and identification of the distinguishing 
characteristics between surgeons with fixed 
block and surgeons with movable block, 
taking into consideration their activity.  

 Study of the current forecasting model and 
proposal of alternative forecasting 
techniques. 

3 – Literature Review 

In this chapter, the concepts, methods and 
methodologies used to solve this kind of 
problems are revisited. 

3.1 – Types of Patients 

Cardeon et al. (2010) classify the patients 
into two levels: elective and non-elective, in 
which the first class represents patients on 
whom a surgery can be scheduled in advance. 
In this case the patient and the surgeon set a 
date by mutual agreement. The second class 
characterizes a patient whose surgery is an 
unexpected event, and must be treated in an 
urgent manner. These events, characterized by 
uncertainty, have a great impact on the 
scheduling of surgeries. This work focuses 
mainly on the study of elective patients.  

3.2 – Uncertainty and Estimated Duration of 
Surgeries 

The accuracy of these predictions is 
important in that it affects different stakeholders 
such as managers, surgeons, anesthetists, 
patients, nurses, etc. In the matter of the 
duration of surgeries, if the stipulated time is 
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frequently overcome, it will impact following 
schedules and, in extreme cases, prevent 
surgeons of keeping scheduled appointments for 
after surgery or postoperative follow-up of 
certain patients (Zhou et al. 1999).  

Although there are various prediction 
methods already studied, Ozcan (2009) argues 
that for this process to have the desired success, 
the forecasting process must necessarily be 
composed of five basic steps: 1) Identify the 
purpose of forecasting; 2) Establish the time 
horizon; 3) Choose a forecasting technique; 4) 
Run the forecast; 5) Monitor the accuracy of the 
forecast.  

Taking this into account, the addressed 
quantitative methods will be quantitative 
methods using historical data and based on the 
average, since the time horizon of available data 
is 12 months, the prediction accuracy, despite 
having to be strict, does not require too much 
rigor (to the second) and provides results 
approximate to higher complexity forecasting 
methods reported in literature, besides the fact 
that the costs of implementation and training of 
personnel to use these methods is practically nil 
since the techniques are relatively simple.  

Of the methods that meet the requirements 
set out above we will apply naive forecast, 
moving average and exponential smoothing to 
our case study and conclude whether these 
present positive and accurate results for the 
practice at HCD. 

3.3 – Planning and Surgery Room 
Scheduling: Scheduling Strategies 

Various authors, including Vissers et al. 
(2001), Testi et al, (2007) and Wachtel and 
Dexter (2008), have agreed to the division of 
planning and scheduling decision according to 
three levels: strategic, tactical and operational. 
The present work focuses on the strategic level. 

 The strategic level deals with decisions 
designed to meet long-term organizational 
objectives in businesses. At this level we 
study the decisions, such as: the scheduling 
strategy to use, construction of yet another 
intensive care unit or the construction of a 
new operating block. Additionally it’s at the 
strategic level that the SB´s time is distributed 
by the several surgical groups (SG) (SG 
consists of surgeons with similar 
characteristics / specialties) or surgeons. 

Within the scheduling strategies, Magerlein 
and Martin (1978) identified two categories: 
Open-Scheduling and Block-Scheduling. 

 The open-scheduling strategy consists of 
filling the time according to the order of 
arrival of requests for surgery. This method 
is based on a first-come-first-served (FCFS) 
policy. This process is done until the hours 
of operation of the block are fully filled or 
until a deadline is reached of the time in 
advance that a surgeon can book his 
surgical procedure. (Guerriero and Guido, 
2011). 

 In the block-scheduling strategy blocks of 
time are assigned to surgeons or surgical 
groups (SG) for a certain period of time, 
usually weeks or months. To use this 
strategy we must first define the length of the 
blocks of time (BT) (through demand 
forecasting) that the schedule will be divided 
into, the time of each block and the number 
of surgeons or surgical specialties that need 
to be allocated. Secondly, the surgeons’ or 
SG’s BTs must be attributed so that the sum 
of the surgeries’ average time is inferior or 
equal to the working hours of the block 
(Blake et al., 2002). 

A few years later Patterson (1996), and more 
recently Chaabane et al (2008) introduced a new 
strategy: Modified block scheduling (used at 

HCD). 

 This strategy is the same as the block-
scheduling strategy, except that to certain 
BTs no surgeons or surgical groups are 
assigned. This variant of the block-
scheduling can be displayed in two modes, 
aimed at gaining flexibility. It may simply 
allocate certain blocks of time and let the 
filling of these blocks to the responsibility of 
those who have been allocated to and fill in 
the remaining in an FCFS basis; or the 
hospital sets a time limit in advance for the 
surgeon or surgical group to fill the space 
allocated to them. Once reached this time 
limit the unfilled BT's are available to be 
scheduled in a FCFS regime (Chaabane et 
al, 2008;. Guerriero and Guido, 2011) 

3.4 SB Efficiency 

Among the authors who have studied the 
development of indicators that account for the 
effectiveness of the SB,  the contributions of 
Macario (2007), Van Oostrum et al. (2009) and 
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Cardeon et al. (2010) stand out, in which the 
second indicator most addressed in literature, 
after the waiting lists (not under the foucus of 
this paper), is occupancy.  
Strum et al, (1997) defined "occupancy" as: 

 

               
                

                    
 

Two years later Strum et al. (1999) used a 
different formula to measure the occupancy rate 
through the quotient between: 

               
                

                    
 

The turnover time can be added to these 
ratios, resulting in the adjusted Occupancy Rate 
(Macario, 2010): 

                        
                             

                    
 

Additionally, in order to evaluate and 
compare the performance indicators of the SB, 
Macario (2007) developed a scoring system for 
the indicators he proposed, where through 
benchmark targets set for each, he scored them 
from 0 to 2 depending on the performance. This 
benchmark allows each hospital to compare its 
performance with the best international practices 
in terms of average delay at the beginning of 
surgery, cancellations, turnover times, forecast 
error (at every 8 hours of planning). 

.4 – Surgery Block Performance  

This chapter intends to evaluate the 
effectiveness of the SB through certain 
indicators and materialize these values into 
costs that can be minimized by the hospital. 

4.1 – Calculation of efficiency through the 
occupancy rate 

To study the effectiveness using the 
occupancy rate calculation, equations (2) and (3) 
were used and a new equation proposed (4) that 
results from an adjustment of equation (1) with 
the aim of mitigating limitations associated with 
this equation.  

Equation (1) calculates the occupancy rate 
based on the scheduled time, if equation (1) is 
applied, when accounting the "Total Time Used", 
the time of underuse and overuse can 
compensate each other influencing its outcome.  

With this in mind, we propose a new equation 
which replaces this variable with the difference 
between the "Total Time Allocated" and the sum 
of the underutilization and overutilization 
moments, as shown in equation (4) to obtain a 
value closer to the reality of time correctly used 
in the SB: 

               

                                      |                | 

                    
 

Applying this equation suggests that the 
others give rise not only to different occupancy 
rates as well as different interpretations of their 
results. In Table 1 we can observe the results of 
the three equations in the study.  

Table 1 Summary of the application of various occupancy 
rates of the SB 

Equation Value at HCD 

(2) Strum et al. (1999) (%) 54,5 

(3) Macario (2010) (%) 64,6 

(4) Proposed Equation (%) 69,7 

 

Interpreting the result of equation (2), the 
hospital is not using a critical resource to create 
revenues for approximately 45.5% of the 
available time, which translates into under-
utilization of the infrastructure with inherent 
opportunity costs involved. 

According to Macario (2010) the occupancy 
value reveals signs of inefficiency with margin for 
improvement, where, according to the 
benchmark developed by this author, a "good 
occupancy" in this type of department is at 70%.  

By incorporating the estimated turnover time, 
the occupancy rate increases 10.1%, however 
its convenient to study whether the turnover time 
is among the best practices, to the extent that in 
spite of having a better perception of HCD’s 
occupancy rate (since it is a mandatory 
procedure between surgeries and the median 
duration of cases lie in 1.3 hours) this period of 
time does not generate income for the hospital. 

On the other hand the result of the proposed 
new equation (equation 6), which only studies 
the time used vs. the time scheduled,  is 
extremely related to the estimation method used 
for the duration of surgeries (based on the 
experience of the surgeons), since 30.3% of the 

(1) 

(2) 

(3) 

(4) 
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time is misused due to excess or lack of 
scheduled time. 

Finally, equation (4) interacts with equation 
(2) with the aim of producing a projection of the 
ratio between the "Total Time Allocated" and the 
"Total Time Available".  

From equation (4) we know that the ratio 
between the time used and the allocated time is 
69.7%, so: 

                                

Replacing in equation (2): 

               
                      

              
 

Applying to equation (6) the value of its 
variables, the intended ratio amounts to a 
percentage of 92.7%, showing that only 7.3% of 
the available time is not scheduled. This result 
allows us to conclude that most of the time 
wasted in block comes from the estimation 
method used.  

Within the scheduled time, the unused time 
can be mitigated through the use of a more 
suitable prediction model; this topic will be 
discussed in the next chapter.  

However other causes of inefficiency are 
present in HCD and can influence its occupancy 
rate. 

4.2 – Causes of inefficiency  

The pinpointing of the causes is key for future 
reduction of the SBs inefficiency. Through 
meetings with key stakeholders and on site 
observations, the factors that most strongly 
influence the performance of the SB were 
identified: planned use, forecast errors, 
turnovers, emergencies, delay in starting the first 
surgery and cancellations.  

Subsequently, these indicators were 
characterized and accounted for in the context of 
HCD so they can be compared, where possible, 
with the benchmark analysis developed by 
Macario (2007).  

In summary, Table 2 shows the results of the 
different indicators of the causes of HCD’s 
inefficiency, except the case of emergencies due 
to the impossibility to control that indicator, 
compared with the benchmark. 

Table 2 Results of HCD’s inefficiency indicator values 
compared to the Benchmark 

Indicator 
HCD 
Value 

Benchmark 

Planned Use (%) 92,7 ≥70 

Forecast errors (min) 144 ≤5 

Turnovers (min) 20 ≤25 

Delays in starting the 
first surgery (min) 

13 ≤45 

Cancellations (%) 1,1 ≤5 

 

The indicators of the hospital are mostly 
within the best score levels of the values 
included in the benchmark analysis, except for 
the forecast errors indicator. This reinforces the 
need to revise the method used in the hospital to 
predict the duration of surgeries. Although these 
are mostly within the best international practices, 
they nevertheless affect and impair the 
performance of the SB with associated costs. 
These costs are accounted for in the following 
section. 

4.3 – Costs accounting 

As already mentioned in subchapter 2.2, a 
team of four elements usually participates in a 
surgery provided by HCD: anesthetist, 
anesthetist nurse, instrumentalist and medical 
auxiliary. Of these only the nurses and medical 
assistants have an increase of the amount 
receivable given that they are working outside 
the planned period / schedule. The remuneration 
of surgeons and anesthetists in HCD is 
regulated by a fixed system of classification of 
medical acts, established by the Medical 
Association, characterized by the association of 
a relative value (K) to each medical act (Medical 
Council, 2013).     

For the accounting of the costs, equation (7) 
was applied:  

                   
                                     
                                  
                                    
                                     

The cost of underutilization is calculated by 
the lost opportunity to have a surgery in the time 
period not used by the surgeon. The cost per 
hour of underutilized time was obtained using 
the average cost of a surgery in HCD and the 
average duration of a surgical procedure in 
HCD; the occupancy rate determined by 

(5) 

(6) 

(7) 
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equation (3) was used to calculate the hours of 
underutilized time. The rate of non-use of that 
space is 35.4%, from which the 7.3% buffer used 
at HCD (time that is not purposefully scheduled) 
has to be subtracted.  

For the purpose of calculating the cost of 
overutilization per hour, the average pay of a 
nurse plus the additional value of the respective 
night shift was researched. This value was 
multiplied by the number of nurses and the value 
of the average salary of an auxiliary at HCD 
summed to it. The number of overtime is a 
particular case of the concept of overutilization 
because it only counts the hours of overuse of a 
BT that go beyond the normal operating hours of 
the department. It is during this time that 
overutilization costs have increased relatively to 
the base cost, so to calculate this cost only 
overtime will be accounted. For the accounting 
of the cost of overutilization, the value is 
multiplied by factor two to include intangible 
costs related to the dissatisfaction of working 
beyond the established time (Alex Macario, 
2007).  

Table 3 Value of the variables needed to calculate costs of 
inefficiency 

Variável 
Value at 

HCD 

Cost per hour of underutilized 
time (€) 

654,2 

Nº of hours of underutilized time 
(h) 

7207,2 

Cost per hour of overutilized time 36,32 

Nº of hours of overutilized time 
(Overtime) (h) 

477 

 

Applying equation (7) to the values 
synthetized in table 3, the cost associated to the 
current inefficiency of the SB is 4.731.188 euros. 

5 – Scheduling Strategy 

In this chapter we analyze which is the best 
scheduling strategy for HCD, audit the present 
method of estimation, based on the estimate of 
surgeons, and propose alternatives. 

5.1 Definition of Scheduling Strategy 

The choice of a scheduling strategy has to go 
by the characteristics of the intervened patients 
and surgeons/specialties of HCD so the correct 
scheduling strategy for HCD is the modified 
block system. This because, since HCD is a 

hospital with a great variety of surgical 
specialties and surgeons (12 specialties and 195 
surgeons), the scheduling has to be flexible (not 
allocate the time in full), ensuring the satisfaction 
of their various stakeholders (allow back -to-back 
scheduling) and potentiate the use to improve 
the efficiency of the SB.  

Given that HCD has already in place a 
structured and consolidated team in the 
production department of the hospital, the 
additional effort required for such a strategy will 
be managed by this team.  

5.2 Partiality of Surgeons 

At the hospital examined in the case study, 
the prediction of the duration of surgery, as 
mentioned earlier, is estimated by the surgeons 
based on their experience, it is therefore relevant 
to study whether they consciously or 
unconsciously influence their forecasts with 
factors other than the most crucial to their 
estimate: 

 Type of surgical procedure  

 Technique used by the surgeons (even 
in equal surgical procedures, surgeons 
may opt for different techniques).  

According to the study by Macario (2009), 
sometimes there are surgeons with fixed block 
who underestimate the duration of their surgical 
procedures so that all their surgical cases fit into 
a finite time schedule block. Moreover, other 
surgeons often overestimate the duration in 
order to maintain control/access of the time 
allocated within the SB.  

The actual duration of a surgery is an 
uncertain process that may differ from the 
planned duration. And in order to characterize 
and understand the differences between 
surgeons of different specialties and types of 
block, three research hypotheses were defined: 
Hypothesis 1:Analyze whether there are 
significant differences between the data 
distributions of actual duration and planned 
duration by specialty. Hipothesis 2: Then the 
same analysis is performed but according to two 
categories, the two block typologies at HCD. 
Hypothesis 3: Finally cross the two analyzes in 
order to find the origin of the lack of precision, 
specialty or type of block, analyzing whether 
there are significant differences between actual 
and planned duration within specialties (which 
showed differences in the analysis performed in 
Hypothesis 1) when  divided by type of block. 
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To test these hypotheses tests (P-S test and 
WSR test) were selected because they allow us 
to analyze situations in which the same 
participant (in this case specialty) is subject to 
two distinct situations in time (planned and 
actual). 

Table 4 Paired-Sample t-test actual duration vs planned 
Results: Specialty by Fixed Block 

 

Interpreting Table 4, which presents only the 
specialties that had significant differences 
between actual and planned duration 
(hypothesis 1) we may verify that, when 
separated by typology, test results are different: 
with the fixed block there are significant 
differences, but not in the movable block, 
proving the bias of surgeons with fixed block. 

5.3 Surgeon Profile 

Besides the prediction error, other 
characteristics can differentiate the two types of 
HCD’s surgeons. For the purpose, the 
parametrical statistical test Independent 
parametric t-test was used in the following 

hypothesis: 

Hypothesis 4: There are significant 
differences among surgeons with fixed block and 
moving block in the following indicators: 
cancellations, overtime, average length of 
operating room time, operated patients and total 
duration of operating room time.  

Tabela 5 Result of the application of the Independent t-
test to the different indicators by type of block  

Variable Sig 

Cancellations 0,388 

Total Duration of Room Time 0,000 

BTs Requisition Frequency  0,000 

Overtime 0,014 

Average Lenght of Room Time  0,607 

Operated Patients 0,000 

 

In the three indicators that analyze the 
performance of surgeons in terms of volume, 
total duration of room time, number of operated 
patients and blocks’ request frequency, the test 
identified significant differences between the 
production of surgeons with fixed block and 
moving block to a significance level of 5%. 

This value meets the characteristics of the 
scheduling strategy used at HCD, in that there 
must be a clear distinction between these two 
types of surgeons so the hospital may justify to 
their surgeons the fact that some have allocated 
fixed blocks over the others.  

Additionally, average length of room time was 
also analyzed, where there are no significant 
differences between the two distributions at a 
significance level of 5%, making clear that 
despite the surgeons with fixed block having 
greater ease of scheduling their cases back-to-
back, they end up not taking advantage to 
enhance their production concerning this specific 
point. With regard to cancellations we cannot 
affirm significant differences 

Finally, the overtime indicator was analyzed. 
Interpreting the results obtained, the conclusion 
is that there are significant differences between 
the distributions of two categories to a 
significance level of 5%, where surgeons with 
fixed block, as previously mentioned, provide 
greater error concerning the duration of surgery 
and this logically reflects a significant difference. 

5.4 Forecast Methods 

To tackle the difficulty of accuracy in time 
allocation for each surgery, previously identified, 
and to estimate the duration of the fixed block 
assigned to the selected surgeons, in this 
section three forecasting techniques to allocate 
blocks of time to fixed block surgeons are 
proposed: naive forecast, moving average and 
exponential smoothing.  

To measure the prediction error and to 
compare the selected techniques, the mean 
absolute deviation, mean square error and 
absolute error percentage were calculated, while 
the tracking signal was then calculated to control 
the forecast. The average value of the TS for the 
three forecasting techniques was -3.16 for Naive 
Forecast, -3.13 for Moving Averages and -1.1 for 
exponential smoothing. Every week is within the 
limits established in literature except for the last, 
at Christmas and New Year's Eve, where a large 
decrease in activity occurs.  

Type of 
Block 

Specialty Sig. 

Fixed Block 

Orthopedics 0,06 

Urology  0,010 

Vascular 0,021 

Movable 
Block 

Orthopedics   0,397 

Urology 0,210 

Vascular 0,053 
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The tracking value is negative which reflects 
that the forecast is greater than the actual 
demand, leading to a greater number of 
underutilization. The choice of technique to be 
used at HCD must be the one that has the 
smallest error, the exponential smoothing.  

With this forecasting technique application, 
the occupancy rate of the scheduled time 
(equation 4) would increase from 69.7% to 
85.3%, a gain of 15.6%, therefore representing a 
saving of 707,242.5 euros in costs. 

6 – Discussion and Conclusions 

This paper identified the problems present in 
the SB and sought to trace the source of these 
problems and solve them using statistical tools 
and forecasting models. 

By concluding that there is bias in the 
surgeons’ estimation, and by applying the 
defined scheduling strategy and the new 
forecast model, it’s possible to propose a new 
disposition of HCD’s timetable, where instead of 
allocating a morning or an afternoon to each 
fixed block surgeon, they are allocated a BT 
calculated on the forecast of their demand. 

In the future, further work can supplement 
this particular one specifically through a 
qualitative analysis of the time planned by a 
surgeon and the quality of service. 
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