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Abstract 
Hospital services constitute a fundamental pillar in the development of society. The objective of this article is to provide medium-term 
capacity planning improvements in a General Surgery service. A procedure was designed for capacity planning based on process analysis 
and design as well as the patients’ clinical characteristics. Some of the main results were: the demand of the Major Diagnostic Categories 
was predicted, the rooms were identified as the limiting resource in this kind of service, where an 82.82 % of them were used, the necessary 
wards reservations were calculated for the year 2021, with a rate of 163, 96 and 59 times for incisional, inguinal and umbilical hernia 
surgeries respectively, and a system of capacity improvement actions which were projected. The analysis of capacity using the proposed 
heuristic method makes possible to identify limiting resources, enhance performance and devise strategies to meet the demand. 
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Planeación agregada de la capacidad hospitalaria en un servicio de 
Cirugía General  

 
Resumen 
Los servicios hospitalarios constituyen un pilar fundamental en el desarrollo de la sociedad. El objetivo del artículo es proyectar mejoras 
en la planeación de la capacidad a mediano plazo en un servicio de Cirugía General. Se diseñó un procedimiento para la planeación de la 
capacidad en función de las características clínicas de los pacientes y basado en el análisis y diseño de procesos. Entre los principales 
resultados: se pronosticó la demanda de las Categorías Diagnósticas Mayores, se identificó que los salones son el recurso limitante en este 
servicio, los cuales se aprovecharon un 82.82 %, se calcularon las reservas necesarias de salones para el año 2021, las cuales fueron: 163, 
96 y 59 veces en cirugías de hernia incisional, inguinal y umbilical respectivamente y se proyectó un sistema de acciones de mejora de la 
capacidad. El análisis de la capacidad mediante el método heurístico propuesto permite identificar recursos limitantes, potenciar el 
desempeño y trazar estrategias en función del cumplimiento de la demanda. 
 
Palabras clave: planeación de la capacidad; gestión hospitalaria; flujo de pacientes; servicio de Cirugía General. 

 
 
 

1 Introduction 
 
Currently, health-related services are regarded as a very 

important and attractive sector for the application of tools from 
different managerial areas, with the aim of seeking better results 
both economically and in terms of patient satisfaction. Among 
these services, hospital services stand up with a great diversity 
and presence; in charge of providing specialized care and health 
restoration, through advanced technology. 

                                                      
How to cite: Sánchez-Suárez, Y., Marqués-León, M., Hernández-Nariño, A. and Santos-Pérez, O., Hospital rough cut capacity planning in a General Surgery service. DYNA, 
90(225), pp. 45-54, January - March, 2023. 

For a consistent and clarifying approach to hospital 
management it is important to understand that a hospital has very 
complex, diverse and dynamic characteristics [1]. Thus, hospital 
management should be implemented through policies, systems, 
components, processes and instruments which, when integrated 
in a coherent, holistic and cohesive manner, maximize the quality 
of care and patient satisfaction [2]. 

The dynamics of those processes require that the 
professionals in charge of management have updated and 
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proven effective tools that allow them to analyze, program, 
plan, prioritize and decide on the best way to manage the 
available resources in order to provide a good service and 
guarantee an excellent quality assistance to their patients and 
stakeholders [3]. 

Process management and improvement is one of the best 
practices currently recognized in the field of business 
management [4]. There are many experiences in the 
improvement of hospital processes. The process approach to 
hospital management is increasingly applied, a philosophy 
that shows a holistic approach and pursues hospital 
excellence with a strategic vision [5], the process 
representation as a synthesized way to see relationship 
between activities [6], analysis of patient waiting times [7], 
level of service provided [8], the planning process [9], such 
as the uses of case mix measurement systems [10,11] and, 
within them, the Major Diagnostic Categories (MDC) as a 
more universal, mutually exclusive patient grouping system, 
according to affected organs or systems, based on the main 
diagnosis of the episode [12], the MDC can be disaggregated 
in more specific ways into the Diagnosis Related Groups 
(DRGs) as a system for grouping patients into clinically 
coherent classes with equal resource consumption [13-15], 
are of vital importance for increasing hospital efficiency [16]. 

Healthcare also represents a highly relevant field of business, 
ideal for the application of operations management concepts and 
tools [17], which seeks to ensure a fast, agile and simple way to 
address health problems from a vision focused on the process, the 
capacity, inventory, workforce and quality [15]. 

Hospital institutions, like any other healthcare 
organization, need to optimize their results, as any other 
healthcare organization, to optimize their performance and 
meet patients' needs [18], thus, managing health-related 
services involves planning and coordinating various scarce 
resources (many of which are expensive and highly 
specialized), as well as taking into consideration multiple and 
often conflicting stakeholders. 

The management of service constraints such as operating 
wards, healthcare personnel and hospital furnishing such as 
beds, is emerging as a challenge for healthcare managers 
[19], on the other hand, achieving high levels of capacity 
utilization, studying the variability in demand and 
uncertainty in service times can cause these resources to be 
unavailable when required or underutilized, are some of the 
privileges of managing capacity [20]. 

Hospital capacity services can be measured under 
different criteria: quality, safety, efficiency or effectiveness 
[21], from the perspective of operations management is one 
of the tools that allow determining the quality of resources 
per unit of time available to meet the demand; which favors:  
1. The control of limited resources,  
2. Work organization, and  
3. Avoiding possible complications generated by inadequate 

capacity planning. 
Duarte Forero and Camacho Oliveros [20] in accordance 

with Green [22], stated that the analysis of capacity management 
in hospitals requires approaches that integrate the intrinsic 
characteristics of their operation (performance as a service, 
patient flow, resource management), their impact on the output 
variables and the parameters of improvement policies. 

The analysis carried out by the authors of this research, 
on 17 methodologies aimed at identifying techniques or 
approaches for calculating capacity revealed that 82.35 % are 
applied in general and high complexity hospitals, while 17.65 
% are applied at the primary level of care.  

Among the most commonly applied techniques or 
approaches for capacity analysis are process simulation applied 
in 64.7 % of the methodologies from different angles and 
perspectives, capacity estimation from the point of view of 
resource allocation [23], focus on the percent of service usage 
[24,25], in the quality of service, through the use of value maps 
[26] and distribution of service times [27], based on estimated 
lengths of stay [28], the material flow [20] and yields [29]. 

On the other hand, linear programming models have been 
applied, in a 17.65 % of the procedures consulted, based on 
the calculation of human resources as a determining factor of 
capacity [30], or average length of stay. 

The following techniques are also used for capacity 
analysis although to a lesser extent: Management indicators 
(11.76 %), Demand forecasts (11.76 %), Hypothesis tests 
based on future capacity analysis (5.88 %), Analysis and 
information gathering techniques (5.88 %).    

Models, methodologies and procedures are designed to 
answer three questions for capacity decisions: how much 
capacity is needed, when capacity is needed, and where it 
should be located. These decisions are fundamentally 
influenced by the existence of a good balance in the process 
that takes into account the actual level of the organization in 
terms of customer demand, the availability of resources and 
that complies with the existing work standards [8]. 

The literature recognizes the need for capacity planning 
in hospital institutions as a tool for improving the quality of 
services. Most of the research focuses its studies on service 
simulation in order to predict the behavior of capacity and to 
foresee an uninterrupted flow during the process through the 
different stages of treatment: formation of homogeneous 
groups of patients (case-mix), demand forecasting and simple 
tabular methods to be used by the medical staff, which among 
their output information contain decisive capacity indicators.  

It is necessary to take into consideration the limiting 
resources, the characteristics of the system (treatment stage), 
as well as the planning horizon. The procedure presented here 
is for medium-term capacity planning, which can be 
disaggregated for more specific planning by integrating other 
methods such as simulation and linear programming.   

Faustino Pérez Hospital, located in the province of 
Matanzas, Cuba, presented as the object of study of this 
research, integrates the secondary level of care and 
constitutes for some specialties the hospital to which all the 
municipalities of the province attend. In the fulfillment of its 
mission and objectives, the specialized personnel carry out 
various tasks, among which is teaching and research.  

For 20 years researchers from the University of Matanzas 
(including the authors of this research) have reported several 
studies on hospital organizations, which have been aligned to the 
hospital improvement program being developed in Cuba and, 
nowadays, to government management agenda based on science 
and innovation. The institution's management proposes the need 
to start with the accreditation reports and find possible actions for 
improvement in the hospital's processes.  
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The possibility of improving capacity planning strategies 
is identified in order to raise patient satisfaction levels and 
reduce their average length of stay through the management 
of patient flows focused on their trajectory. For a more 
detailed analysis, the quality management team suggests 
consulting other documents that provide information of 
interest for the effective deployment of the research. 

Consequently, the review of documents such as the 
General Hospital Regulations, Board of Directors, audits´ 
reports, interviews with managers, specialists and nurses, on-
call deliveries, and direct observation, the following were 
identified as the main shortcomings affecting capacity in the 
service: inefficient scientific methods for capacity analysis, 
increase in emergency operations and cancellation of elective 
ones, high hospital stay, and deficient organization of 
activities in key processes.  

The objective of the article is to project improvements in 
medium-term capacity planning in a General Surgery service. 

 
2 Methodology 

 
2.1  Procedure for hospital capacity planning 

 
Operations planning has been studied from various 

perspectives, in this sense Hulshof et al. [11] summarize 5 
general methods for decision making in health systems: 
computational simulation, Markov processes, mathematical 
programming, queuing theory and heuristic methods. 
Although heuristic methods do not guarantee an optimal 
solution, since they require too much time for an exact 
approach, they allow iterative improvement of problems 
based on the optimization of a candidate solution. 

Methodologies for the development of heuristic methods 
for capacity planning are shown in the literature, among 
which the following are quoted: 
• Arnaout [31]: proposes a procedure based on heuristic 

methods for the optimization of operating rooms through 
the use of simulation, the iterations performed are based 
on solving operational problems for the scheduling of the 
operating room translated into the identification of 
limiting resources: machines (surgical equipment), time, 
human resources (surgeon and surgical team) and 
medical resources. Although it is a procedure that allows 
the optimization of operating rooms, it does not allow 
the integration of other limiting resources present in the 
patient's treatment stages. 

• Orejuela Cabrera et al [32]: proposes a procedure for 
production scheduling in a workshop environment, 
where he proposes a procedure for the calculation of 
capacity in a service company in Colombia; he makes a 
grouping of product families according to the number of 
orders, an element that allows him to determine 
representative products for the calculation of capacity 
and from this, to determine the limiting capacity or 
bottleneck, to then schedule operations. It is considered 
the main theoretical reference for contextualization in 
hospital services, since it has the following limitations: 
it restricts the analysis of capacity only to the time 
limiting resource which, although determinant, in health 

services there are other resources that limit capacity, 
such as beds, medical personnel or diagnostic means. 

• Bretthauer and Heese [33] propose a model based on queuing 
theory for hospital capacity planning based on iteration and 
creation of probable scenarios that can limit patient flow. 

Although the methodologies listed above show a solution 
to capacity problems from the perspective of recognizing a 
limiting resource, they do not allow a medium-term capacity 
programming, nor do they consider the behavior of demand. 
Based on the analysis of previous methodologies and on the 
gaps found, the authors of this research propose a procedure 
for aggregated capacity planning in hospital centers (Fig. 1), 
consisting of four (4) logically articulated stages.  

 
Stage 1. Preparation for implementation 
The stage is structured in four (4) steps related to the 

conformation and training of the work team for the 
subsequent selection and representation of the process that 
serves as support for the diagnosis of the same. 

Step 1.1: Institution characterization 
As a premise, it is necessary to analyze the characteristics 

that distinguish the activity of the hospital organization in 
order to become familiar with it, as well as to identify the 
main problems that affect the capacity of the process prior to 
the formation of the work team. 

Step 1.2: Formation and training of the work team 
A team of seven to nine people, usually members of the 

Board of Directors and from the different key result areas, 
should be formed. One of the members should be appointed 
as project coordinator and a plan of the activities to be carried 
out should be established. The implementation of a training 
strategy in key thematic nuclei, such as: operations 
management, operations planning, hospital capacity planning 
and hospital casuistry. 

 

 
Figure 1. Procedure for hospital capacity planning 
Source: Own design. 
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Step 1.3: Selection, description and representation of the 
process 

For the selection of the process to be studied, several criteria 
can be considered: interest of the organization, key process, 
levels of impact of the process, complaints or dissatisfaction with 
the process or its final product (patient satisfaction). A support 
tool for the selection of processes is the General Process Map. 
Once it has been drawn up, experts’ consultation, interviews, 
surveys or brainstorming rounds can be carried out to allow an 
accurate and objective selection. 

Another important tool in the description of the process is 
the flow diagram, among which the As-Is stand out, an useful 
instrument to represent activities and their sequences as they 
happen [12]. 

Step 1.4: Diagnosis of the selected process 
The objective of this step is to define the fundamental 

problems affecting the process and their root causes. For the 
selection of these problems, tools such as Brainstorming will 
be used. This group technique allows to generate original 
ideas in a relaxed atmosphere, to free the creativity of the 
teams, to generate an extensive number of ideas, to involve 
everyone in the process, to identify opportunities for 
improvement, etc. These ideas are then transferred to a cause-
effect diagram (fish diagram, Ishikawa diagram). 

 
Stage 2. Demand forecasting 
Knowing the demand in health processes is a key element 

to determine the capacity of a process in this type of facility. 
Its determination (annual, monthly, daily) according to the 
needs or characteristics of the process. The purpose of this 
stage is to determine the demand of the selected process. It is 
necessary to previously take MDC into count, which define 
the behavior of the demand of the service according to 
homogeneous groups of patients. 

The proposed procedure for this end takes as a reference 
the procedures used by [8,34,35] for time series-based 
demand forecasting service processes. There are MDC whose 
behavior and frequency can be related to time series, 
respiratory diseases are an example of this when analyzing 
how in winter the emergencies and admissions for this cause 
increase [36], on the other hand some obstetrics behaviors; 
for example, births seem to increase nine months after 
carnival and vacation periods [12], in emergency 
departments using historical data [37], in the case of surgical 
department MDCs, it is presented as a variable spaced in time 
that has a trend, seasonality and cycles characterized by the 
quality of life and comorbidities associated with the main 
reason for surgery. 

Step 2.1: Definition of study objectives and time horizon 
When defining the objectives of the study, the following 

aspects, among others, should be considered: What is the 
purpose of the study? Here the time horizon of the study is 
defined, whether the forecast is long, medium or short term, 
as well as the duration of the components of the historical 
series, elements that influence the selection of methods and 
the cost-benefit assessment. 

Step 2.2: Selection and application of feasible forecasting 
methods  

Nowadays, making decisions about feasible forecasting 
methods is becoming easier due to the variety of software 

Table 1. 
Forecast questionnaire.  

Formal data for the presentation of the questionnaire (it must be 
pleasant, summarized and explain the objective of the questionnaire) 
Name and surname of the expert:  
Years of experience:  Activity performed:  
The proposed structure applies to each of the MDCs. The Most Probable 
Value, UCL and LCL columns are results of the software, while the 
“Value” column is the correction of the forecast by the expert (it 
expresses the value that the expert considers the forecast should have) 

MDC name 
 Most Probable Value UCL LCL Value 
Sunday 

Forecast results 

U
pp

er
 C

on
tro

l 
Li

m
it 

Lo
w

er
 C

on
tro

l 
Li

m
it 

V
al

or
 a

sig
na

do
 

po
r e

l e
xp

er
to

 

Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
In which months of the year do you 
consider that the service is most attended?  

How often do you think the forecast 
should be updated at your hospital?  

Source: Own design. 
 
 

designed for service demand planning, among 
them:WINQSB, ForePlanner, Statgraphics Centurion XV 
and IBM SPSS Statistics. IBM SPSS Statistics 22 will be 
used in the research because it is a professional software and 
has the advantage of an expert modeler, used to solve a wide 
variety of business and research problems. 

Step 2.3: Forecast determination  
Once a determined forecast is obtained, it is necessary to 

incorporate the subjective criteria of the specialists 
conducting the study and those experts on whom they rely, 
which allow rounding off the given forecast according to 
their experiences. In support of the activity, the forecast 
questionnaire is designed, as shown in Table 1. 

 
Stage 3. Determination of process capacity 
The purpose of this stage is to determine the capacity available 

in the care processes in order to determine whether they can 
assimilate the expected demand and to propose measures that 
contribute to the improvement of their capacity planning.  

Step 3.1: Identification of capacity constraining 
resources 

The literature review, direct observation and interviews 
with service workers allow the identification of a set of 
capacity limiting resources in hospital institutions. The most 
common in hospitalization processes are usually: Beds, 
Human resources, Operating rooms and Diagnostic means. 
Diagnosing each of these resources in the institution under 
study allows a better analysis of the capacity of its processes 
and provides more detailed information when calculating it. 

Step 3.2: Application of the method for process capacity 
planning approach 

Based on an analysis of the most relevant methodologies 
for process capacity calculation and the characteristics of 
hospital processes, it is decided to use the heuristic methods 
for capacity calculation. 

The heuristic methods are an algorithm for capacity 
calculation proposed by [38], in a second version of the one  
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Table 2. 
Summary of equations for the application of the method. 

Equations 

Fj = Amount of resources ∗
hours

day
∗

dsy
week

∗
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
month

∗
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑠𝑠

year
∗ (1− Ps) 

(1) 

𝑄𝑄𝑗𝑗 =  �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∗
𝑛𝑛

𝑖𝑖=1

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (2) 

𝑏𝑏𝑗𝑗 =
𝐹𝐹𝑗𝑗
𝑄𝑄𝑗𝑗

 (3) 

𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑏𝑏𝑗𝑗 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (4) 

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 =
𝐹𝐹𝑗𝑗
𝑄𝑄𝑗𝑗
∗ 100 (5) 

Source: Own design. 
 
 

published by the same author in 1986, which was adapted to 
the characteristics of hospital processes. In the proposed 
method, the items resulting from the reduction of programs 
used in production are replaced by the defined MDCs, the 
demand values come from the demand forecast for each of 
the MDCs. The time costs are homologated to the resource 
costs that define the limitation or not in the process capacity 
according to the trajectories of the different MDC of the 
process.  

The variables: Available Time Pool (Fj), Load (Qj), 
Capacity (Cap), Proportionality Index (bj), Statutory 
Interruptions (Ps) and % Utilization (Util) are necessary for the 
application of the method, the relation of equations appears in 
the application of this method are shown in Table 2. 

Then, the lowest capacity of the process is sought in terms 
of the MDC, which is compared with the number of patients 
predicted to enter the system; if this is higher, the process can 
assume the demand without any problem, otherwise, it 
constitutes a limiting point or bottleneck. The criteria for 
selecting the fundamental point are as follows: 
• Economic criterion: it is the treatment staging that 

creates the highest profits or generates highest costs 
(equipment, materials, etc.). 

• It is the operation or treatment staging that all patients go 
through, regardless of their trajectory after case 
composition. 

• The most time-consuming treatment staging 
• Investment criteria 

 
Stage 4. Proposed improvements opportunities 
The application of the methodology proposed in any 

hospital institution allows proposing a set of measures to 
contribute to the improvement of the planning of its services. 

 
3 Discussion of results 

 
The following results are obtained from the application of 

the proposed procedure for the analysis of capacity in 
hospital processes.  

 
Stage 1. Preparation for implementation 
Step 1.1: Institution characterization 
The procedure is applied at the "Faustino Pérez 

Hernández" Clinical and Surgical Teaching Hospital, located 
in Matanzas, Cuba. It is located on the central highway 101 
km northwest of Matanzas city, belongs to the teaching and 
research area of Matanzas Provincial Health Directorate. It is 
classified according to the complexity of its second level 
services and is in charge of providing health services to 
Cuban and foreign citizens in the specialties and modalities 
defined by the center. 

Step 1.2: Formation and training of the work team 
The work team is structured with seven members who 

hold positions in the entity: (1) Head of the Quality 
Organizational Unit, (2) Medical Auditor, (3) Head of the 
Nursing Department, (4) Deputy Director of Medical 
Assurance, (5) Deputy Medical Director, (6) Head of the 
Urgent, Emergency and Transport Center and (7) Residents. 
They are trained in 3 workshops where the main thematic 
nuclei addressed in the study are discussed. 

 

 
Figure 2. AS-IS diagram of the General Surgery service.  
Source: Own design. 
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Step 1.3: Selection, description and representation of the 

process 
The definition of the process to be studied was based on 

the graphic representation of these processes by means of the 
hospital's General Process Map. It was verified with the 
group of experts through interviews and meetings. It shows 
the flow of services rendered and the interaction between 
them. Among the key processes of the institution, 
Hospitalization is considered as one of the most relevant, 
defined by most of the experts (95 %) as the central axis of 
the hospital. Its importance lies in the large number of sub-
processes that make it up, given that 19 of the 30 medical 
services provided by the institution are grouped in the 
aforementioned process. 

The present research will be carried out in the General 
Surgery service, as requested by the institution's management 
due to the importance given to it and the lack of previous 
studies in this service. The representation of the process is 
shown in Fig. 2. 

Step 1.4: Diagnosis of the selected process 
Currently the highest number of interventions in the 

surgical activity lie in this area with a total, according to the 
Revitalization of 2019 (internal document), of 6152 
operations out of 25614 performed in the period, which 
represents 24 % of the total number of surgeries performed. 

In order to find out the main problems affecting capacity 
in the General Surgery service, an unstructured 
brainstorming was carried out together with the selected 
group of experts. This discussion led to the formation of an 
Ishikawa diagram (Fig. 3), whose fundamental problem is 
deficiencies in the capacity of the General Surgery service. 
The fundamental causes of these deficiencies are shortage of 
medical supplies, underutilization of operating rooms, 
deficiencies in process activities, and insufficient room 
capacity. 
 

 
Figure 3. Ishikawa diagram. 
Source: Own design. 

Stage 2. Demand forecasting 
As a premise of the stage, it is necessary to have the main 

MDCs of the entity, in order to work with a smaller group of 
patients according to homogeneous surgical categories. In the 
event of not having the MDCs, it is necessary to have 
sufficient information for their preparation. The fundamental 
MDCs of surgical type conformed in the general surgery 
service of the Hospital "Faustino Pérez Hernández" are: 
Inguinal Hernia, Umbilical Hernia and Incisional Hernia as 
they are among the 35 first causes of death in both sexes 
according to the Health Statistical Yearbook in 2018. 

Step 2.1: Definition of study objectives and time horizon 
A three-year database was collected, broken down into 12 

months for each of the MDCs under study, thus consisting of 
36 values for each MDC. The data pertain to the period from 
2018 to 2020. The historical records were determined by 
reviewing advertisements and operative reports.  

Step 2.2: Selection and application of feasible forecasting 
methods  

For the selection and application of the most probable 
forecast method, the SPSS 22 software for Windows was 
used in its Expert Modeler variant, which allowed the 
forecast of the number of surgeries per MDC to be attended 
by months for the year 2021 in the General Surgery service 
of the "Faustino Pérez Hernández" Hospital.  

Step 2.3: Forecast determination  
The results of the forecast for each of the MDC are shown 

in Table 3. 
In the result of the application of the prognostic method for 

the time series corresponding to the number of surgeries to be 
performed, the Simple Seasonal Method was used for the groups 
related by diagnosis: umbilical and inguinal hernia, and the 
Winters Additive Method for incisional hernia. 

The prognostic results were presented to the working 
group (Prognostic Questionnaire) and they agreed to 
maintain the values obtained in the software because their 
results are in accordance with the behavior of these surgeries 
in previous years. They also stated that, although the hospital 
does not have an updated waiting list, from experience the 

 
Table 3.  
Forecast results 

Source: Research data from SPSS 22 software. 

Model             (2021) Jan Feb Mar Apr May Jun 
Umbilical  Prediction 
Model_1          UCL 
                         LCL 

3 
6 
1 

3 
6 
1 

4 
6 
2 

2 
5 
0 

4 
6 
1 

4 
6 
1 

Inguinal      Prediction 
Model_2          UCL 
                         LCL 

7 
10 
3 

7 
10 
4 

8 
12 
5 

7 
10 
3 

5 
9 
2 

7 
11 
4 

Incisional   Prediction 
Model_3           UCL 
                          LCL 

11 
15 
8 

12 
15 
8 

14 
18 
11 

10 
14 
7 

12 
16 
9 

13 
16 
9 

Model              (2021) Jul Aug Sep Oct Nov Dic 
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demand could tend to increase, however, under the current 
conditions of the process it would not be possible to assume 
such an increase. The above corroborates to some extent the 
problem of this research and highlights the need to 
investigate further the capacity of the system. 

 
Stage 3. Determination of process capacity 
Step 3.1: Identification of capacity constraining 

resources 
The main resources that limit the capacity of the General 

Surgery service are identified according to the defined MDC 
and a method for calculating the capacity of the service is 
applied. Through direct observation of the service's activities, 
it was possible to determine the main capacity-limiting 
resources that may affect the MDCs analyzed. 
• Number of beds in the recovery room. Patients 

undergoing hernia surgery remain in the recovery room 
until the anesthesia wears off, since this type of surgery is 
ambulatory. After that, they leave the institution. 

• The number of operating rooms is a key limiting resource 
also present in the service analyzed. An operating room 
can only attend one patient at a time and must be sterilized 
at the end of one surgery in order to be able to start 
another. These must have optimal hygienic-sanitary 
conditions and an adequate climate to avoid subsequent 
infections or re-interventions. 

• The human resources present in the process and that determine 
the capacity are the surgeons, anesthesiologists and nurses. 
The surgeon is the physician in charge of the patient's surgery, 
while the anesthesiologist sedates the patient and monitors his 
vital signs until the process is completed and the anesthesia 
wears off. The nurses are in charge of the ward and take care 
of the patients until they leave the center. 
Step 3.2: Application of the method for process capacity 

planning approach 
The heuristic methods explained in the proposed 

methodology to determine if the facility can assimilate the 
expected demand and a linear programming model is applied 
to determine the optimal combination of performing 
operations in the facility. Data were collected for the MCCs 
defined in the second stage, by reviewing documents, 
experience of PhDs and experts. 
• The surgery process has 2 operating rooms for open 

surgery during three days of the week. Within these, 
hernias are operated on one day per week in both rooms. 

• The number of beds installed in the recovery room are 10. 
• The duration times of the surgeries were determined from 

the review of operative reports that have the start and end 
time of the operation. The times of those surgeries that for 
eventual reasons altered the investigation were eliminated 
and an average value was calculated, and the mode was 
also considered. In addition, for the time in the operating 
room, the time of application and fixation of the 
anesthesia (Spinal-Epidural for the three types of hernia), 
which ranges from 15 to 20 minutes, and the time of 
preparation of the operating room to enter the next case, 
which takes 30 minutes, were analyzed. 

• For the time spent in the recovery room, the nurses were 

asked to record the times of entry and exit of the room by 
the patients under study for one month. The results were 
averaged to obtain an average length of stay per MDC. 

• The time taken by the anesthesiologists to provide the 
service is composed of the time it takes to apply and fix 
the anesthesia, the time it takes to perform the surgery and 
the time it takes for the patient to react after the surgery 
(moving the feet in the case of Spinal-Epidural 
anesthesia). The latter ranges from 30 to 60 minutes 
according to experts, regardless of the type of surgery. 

• For the calculation of the time fund it is assumed that one 
works 8 hours/day, 1 day/week, 4 weeks/month, and 12 
months/year. This time is the same for doctors and rooms. 
The loss factor for regulatory interruptions is 0.10. 
Table 4 shows the length of stay by MDC in the General 

Surgery service according to the above data. 
The heuristic methods are applied to determine the 

service capacity limitations (Table 5). The results of the 
demand forecast and the times shown in Table 4 are used. 

The available capacity is 163, 96 and 59 for incisional, 
inguinal and umbilical hernias, respectively. The resource of 
the operating room was determined as the fundamental point 
under the criterion that this is where the greatest use of 
expendable resources is to be found, being the costliest and 
the scarcest at present due to the difficult situation in which 
the country finds itself.  

The application of this method showed that the rooms are the 
resource that most limits the capacity of this service; however, they 
have the capacity to cover the expected demand for hernias in 
2021. It is necessary to make decisions related to their scheduling 
in order to be more efficient and effective in capacity planning. 

On the other hand, the number of patients that an 
anesthesiologist can attend is determined. These specialists are 
the ones who spend the most time attending patients, as they are 
present during the entire surgery and part of the recovery period. 
Of the two anesthesiologists belonging to the General Surgery 
service, only one attends open surgery cases. 

 
Table 4.  
Length of stay per MDCs (hours). 

MDC 
Hernia 

Surgery 
time 

Salon 
time 

Length 
of stay 

Anesthesiolo
gist time  

incisional 2 2.75 6 3 
inguinal 1 1.75 5 2 
umbilical 0.5 1.25 4 1.5 

Source: Research data. 
 

Table 5. 
Results of the heuristic applied. 

MDC 
(Hernia) 

Plan 
(Surgeries/years) 

Resources 
(hours/surgery) 

Capacity 

OP Bed OP Bed 
Incisional 135 2.75 6 163 332 
Inguinal 80 1.75 5 96 196 
Umbilical 49 1.25 4 59 120 

Amount of resources 2 10 
Fj 691.2 3456 
Qj 572.5 1406 
bj 1.21 2.46 

Utilization (%) 82.82 40.68 
Where: OP (Operating room) 
Source: Research data. 



Sánchez-Suárez et al / Revista DYNA, 90(225), pp. 45-54, January - March, 2023. 

52 

According to the established protocols, an 
anesthesiologist must perform 3 to 7 surgeries in a day, 
depending on the complexity and duration of the surgeries. 

Five surgeries were taken as a reference to rule out 
extreme situations and it was determined that an 
anesthesiologist can perform 240 surgeries per year, lower 
than the expected demand of 264 hernia surgeries per year. 

The method presents a medium level of precision as it is 
a medium-term capacity planning method and provides a 
heuristic solution (Feasible but not optimal). It is effective to 
clarify that as planning descends from a strategic level to an 
operational one, the degree of precision is higher as more 
information needs to be handled. In this sense, expert criteria 
play a fundamental role, analyzing possible fluctuations or 
foreseeing changes. 

 
Stage 4. Proposed improvements opportunities 
In this stage, a set of measures for the improvement of the 

capacity of the General Surgery Service of the "Faustino 
Pérez Hernández" Hospital was elaborated (Table 6). 

 
4 Conclusions 

 
The results obtained allowed fulfilling the objective. 

Based on the main deficiencies found in the research, a set of 
measures aimed at improving, in the first instance, the 
planning capacity in the General Surgery process of the 
"Faustino Pérez Hernández" Clinical Surgical Hospital were 
proposed. 

 
Table 6. 
Measures to improve the capacity of the General Surgery service. 

Problems Measures 

Organizational 
weaknesses in 

activities 

Ensure systematic audits, review and evaluation 
to Clinical Records, protocols and Clinical 
Practice Guidelines. 
Systematically verify by sampling that the cases 
being operated come from the registry and act 
accordingly if cases are detected outside of the 
established procedures. 
Control the pending patient record book and 
ensure its completion and systematic use. 

Insufficient capacity 
of entrance rooms 

Study the number and organization of beds in 
the wards in order to detect reservations 
regarding their distribution. Assess the 
possibility of increasing their number. 
Continue with the implementation of innovative 
techniques that allow the performance of non-
invasive surgeries. This increases the number of 
outpatient surgeries, reduces hospital stay, and 
therefore reduces the use of beds in the wards. 

Underutilization of 
operating rooms 

Use demand forecasts as a starting point for 
planning elective surgeries. 
Train and hire sixth-year medical students in 
anesthesiology activities to assist in the patient 
recovery process, allowing anesthesiologists to 
attend more cases and meet the demand. This 
reduces the patient care time to 0.75 (umbilical), 
1.25 (inguinal), 2.25 (incisional) hours per patient. 
The PL model was processed with the new 
attention times for the month of July, showing 
that if this measure is applied, the expected 
demand can be met by performing 4 umbilical, 
6 inguinal and 8 incisional hernia surgeries, in 
an optimal time of 28.5 hours/month. 

Source: Own design. 

In the practical development, several tools from the 
business and hospital management fields with 
methodological value were applied and adapted, such as 
systems diagnostics through flow diagrams, Ishikawa 
diagram, case-mix analysis and demand forecasting, thus 
serving as a case study in the subjects of management 
operations for undergraduate and graduate students. It allows 
the service to take proactive actions and create capabilities 
based on future demand, an element that improves the 
performance of the service. 

The analysis of capacity by means of the proposed 
heuristic method revealed that the limiting resource in the 
process is the anesthesiologists, and in order to meet the 
predicted demand it is necessary to increase their number, the 
capacity of the rooms and beds, as well as the percentage of 
usage, obtaining an 82.82 % in the rooms and a 40.68 % of 
the beds. 

There are three acknowledged limitations of the proposed 
method, those are the medium level of precision since it does 
not offer an optimal solution; analysis of external factors that 
influence the designed plan, which is not included; a high 
flexibility in decision making is denoted, as it is influenced 
by expert criteria, which makes it difficult to outline concrete 
strategies from the strategic-tactical level. 

Among the positive implications of the proposed 
procedure for health managers is the possibility of projecting 
actions to improve the capacity of services in a medium term, 
outlining strategies based on demand fulfillment, and 
analyzing the degree of resource utilization. It contributes to 
clinical management by making it possible to know the types 
of patients according to their clinical characteristics. 

 
4.1 Future research 

 
This research remains in the capacity planning in a 

medium-term (1 year) of a General Surgery service where the 
limiting resources are beds and wards. The heuristic method 
is proposed then to achieve planning, due to its easy 
application. Analyzing the different limiting resources that 
may affect medium-term capacity planning and the time 
horizon to determine the demand are proposed for further 
research. Besides to include the use of some other feasible 
methods, such as simulation, which would provide more 
detailed capacity planning in shorter terms (daily, weekly and 
monthly). 
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