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AbstrAct

Introduction: The cancellation of elective surgeries and 
the low performance of operating room are problems 
that affect the quality of medical care. Objective: To 
evaluate the use of factor analysis, to identify the causes of 
underperformance in the operating room, in order to reduce 
the rate of surgery cancellation and increase performance. 
Methods: Through a prospective study; to the staff that 
works in the operating room, we ask them to write down 
ten problems that prevent the optimal use of the operating 
room, adding the solutions they propose; a factorial analysis 
is performed. With the results an operational decision is 
taken that is applied at the beginning of the turn. The 
performance, rate and causes of suspension are identified. 
results: Factor analysis identified two related factors: lack 
of coordination of anesthesiologists and operating room. 
With an operative decision, a performance of 100% and an 
elective surgery cancellation rate of 4.9% were obtained. 
The causes of major cancellation were: lack of surgical time 
48.5%, emergency surgery 17.1% and hypertensive patient 
10.5%. conclusion: Factor analysis identified causes that, 
through an operative decision, increased performance, 
decreasing the rate of cancellation of elective surgeries to 
an acceptable range.

Resumen

Introducción: La cancelación de cirugías electivas y 
el bajo rendimiento de los quirófanos son problemas 
que afectan la calidad de la atención médica. Objetivo: 
Evaluar el uso del análisis factorial para identificar las 
causas de bajo rendimiento del quirófano y así poder 
disminuir la tasa de cancelación de cirugía y elevar el 
rendimiento. métodos: Mediante un estudio prospectivo 
se pidió al personal que labora en el quirófano que 
anotara diez problemas que impiden su uso óptimo, 
agregando las soluciones que proponen, y se realizó un 
análisis factorial. Con los resultados se tomó una decisión 
operativa que se aplicó al inicio del turno. Se identificó 
el rendimiento, tasa y causas de suspensión. Resultados: 
El análisis factorial identificó dos factores relacionados: 
falta de coordinación de anestesiólogos y de quirófano. 
Con una decisión operativa se obtuvo un rendimiento de 
100% y una tasa de cancelación de cirugía electiva de 
4.9%. Las causas de mayor cancelación fueron: falta de 
tiempo quirúrgico 48.5%, por cirugía de urgencia 17.1% 
y por paciente hipertenso 10.5%. Conclusión: El análisis 
factorial identificó causas que mediante una decisión 
operativa elevaron el rendimiento, disminuyendo la tasa 
de cancelación de cirugías electivas a un rango aceptable.
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IntrOductIOn

Timely surgical treatment is an attribute 
of the quality of care, interpreted as 

efficiently satisfying health needs at the required 
moment.1,2 However, in Mexico it is insufficient 
as a result of the financial crisis that health 
institutions are going through; 6.2% of the GDP 
goes to the health sector and, due to the current 
macroeconomic environment, this figure tends 
to decrease,3 limiting the capacity to provide 

surgical care. Furthermore, population growth 
and improved life expectancy4 have increased 
demand, making it necessary to redouble 
efforts with scarce resources, in order to 
improve surgical services that are frequently 
inefficient, which impacts on hospital costs and 
a bleak prognosis for the patient, all leading 
to frustration and impotence in patients and 
their families.5

Surgery is in enormous demand in secondary 
and tertiary hospitals,6 and as demand exceeds 
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the capacity of available resources, waiting lists 
for elective surgery have been established.7

Another inconvenience i s  surgery 
cancellation once the patient is hospitalized 
and waiting to be operated on. Suspension 
or cancellation is seen in both public and 
private hospitals at a rate between 4.07% 
and 23.79%.5,8,9 This is considered a serious 
problem, which has led to publications 
with proposals to solve it, decrease the 
cancellation rate and increase operating rooms’ 
performance.2,10,11

Cancellation of elective surgery is an 
indicator for assessing the quality both of patient 
care and the administrative system.12 Indicators 
help understand how an operating suite works, 
thus determining its efficiency. One of the 
causes of inefficiency is the underutilization 
of available resources;13 consequently, efforts 
should be made to improve efficiency and 
reach the highest level with the available 
resources, in order to provide the greatest social 
benefit and satisfaction at the lowest cost and 
avoiding waste.14

In private and public hospitals around 
the world, the cost of operating suites has 
increased;2,11,15-17 in the private sector, it 
results from the growing numbers of insured 
patients,18 whereas in the public sector, it is 
due to the economic crises and an increased 
demand for care.15,19 Pressure to improve 
healthcare systems with decreased budgets 
forces institutions to optimize efficiency, since 
surgery occupies a priority position,6 and 
operating rooms account for over 40% of a 
hospital’s total expenses, as well as part of its 
income.5,20

Historically, surgical services in Mexico 
started on an empirical basis,21 so the distribution 
of roles and responsibilities was not clear. Each 
specialty within the operating suite answers 
hierarchically to its own chief,22 and they do 
not always share the same objective, leading to 
confusion. Efficient use of the operating rooms 
depends on an understanding among all the 
staff, in order to fulfill specific functions in the 
scheduled time periods.23

The goal of the large number of published 
medical articles is to increase operating room 
performance at low costs, with no waiting lists, 
no lost time slots, no delays in initiating surgery, 

no staff overtime and with a low cancellation 
rate.2,20,24,25 This is why new procedures and 
strategies to balance demand with surgical 
capacity have been proposed,7,20,26 such as 
factor analysis, which identifies those factors 
that explain operating room variability.27

The aim of this prospective study was to 
determine the usefulness of factor analysis 
to increase operating room performance and 
decrease the rate of cancellation of surgeries 
scheduled for the afternoon shift at Hospital 
General Xoco.

MethOds

After due protocol authorization by the 
research and ethics committee, we conducted 
a prospective study during the afternoon shift 
on the central operating suite of Hospital 
General Xoco; this is a secondary level hospital 
run by the Health Ministry of the Mexico 
City government. The study was conducted 
between March 1, 2014, and February 28, 
2015. The staff were unaware that they were 
participating in a research project. It consisted 
of two stages.

In the first stage, all individuals involved 
in operating room procedures –i.e., surgeons, 
anesthesiologists, nurses, clinicians, and 
orderlies– were asked to point out, from their 
perspective, ten problems that hinder the 
optimal use of operating rooms and to propose 
solutions. They were asked to consider the 
problems and solutions according to their 
magnitude, feasibility and degree of necessity, 
all expressed as percentages. Factor analysis 
was applied to the results.

In the second stage, with the factors 
obtained through the analysis, an operative 
decision was applied at the beginning of the 
afternoon shift, that consisted in assigning 
the anesthesiologists and patients that were 
waiting for an operating room. The study was 
conducted on business days; weekends and 
holidays were not included. The numbers of 
personnel, equipment and central operating 
rooms were the same throughout both years 
of the study.

Data collected were: bed number; patient’s 
name, gender, and age; specialty; type of 
surgery; cause of cancellation; anesthesiologist; 
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and surgeon. Procedures were classified as 
elective surgery, emergency surgery, waiting list 
surgery and morning shift surgery.

We checked whether there were operating 
rooms occupied by surgeries from the previous 
shift. Once patients were registered, their fasting 
status was confirmed with the surgical specialty 
residents, as well as whether they had the 
necessary material, laboratory results and pre-
operative assessment. Surgery was subsequently 
assigned to the available anesthesiologists and 
nurses in the shift (emergency surgery was 
classified according to its priority into red, 
yellow and green), by the complexity of the 
procedure and the available operating rooms. 
With this assignment done before entering 
the operating room, the anesthesiologists and 
nurses prepared the rooms according to the 
needs for each procedure. Before applying 
the operative decision, a baseline record was 
obtained for a month, to determine surgeries 
performed and cancelled during the research 
in the operating suite in the afternoon shift.

At the end of the shift, performed and 
cancelled surgeries were recorded, as well 
as the reason for cancellation. Surgery was 
considered cancelled if it was assigned and for 
any reason it was not performed during the 
shift. To measure performance, the year of the 
study was compared to the previous year, using 
the records of the hospital’s statistics service 
for 2013 and 2014 on surgeries performed by 
surgeons in the afternoon shift. The study did 
not include gynecological surgeries or those 
performed under local anesthesia, since they 
took place in other operating rooms.

Analysis

Statistical analysis was performed with 
descriptive statistics, contingency tables, factor 
analysis, Cronbach’s alpha and t test for related 
samples, with an alpha value of 0.05, and using 
the SPSS statistics package, version 12.

results

In the first stage, 16 participants were included, 
amounting to 80% of the personnel employed 
that year in the operating suite. Among those 
employees, 35% were anesthesiologists; 

12%, general surgeons; 12%, nurses; 12%, 
plastic surgeons; 12%, orthopedists; 11%, 
ophthalmologists; and 6%, orderlies, out of the 
total staff. Their answers were grouped into 33 
problems, all with the magnitude, solutions, 
level of need and feasibility that the employees 
considered pertinent. Factor analysis identified 
two factors with autovalues above one, that 
accounted for 60% of the overall variability 
and with a Cronbach’s alpha of 0.792. These 
factors were integrated as follows: factor one, 
related to operating room coordination: a) 
absence of janitorial staff, b) delay in surgery 
from the previous shift; factor two, related 
to the anesthesiology department: a) lack of 
coordination among anesthesiologists, b) lack of 
anesthetic supplies. The solution to both factors 
was the dynamic scheduling and coordination 
by anesthesiologists; this meant, both at the 
beginning of the shift and before entering the 
operating room, rescheduling patients who 
were in the ideal conditions for surgery and with 
the necessary human and material resources 
available.

In the second stage, the records of the 
hospital’s statistics department showed that 912 
surgeries were performed in the afternoon shift 
in 2013 (mean 59, standard deviation 49); in 
2014, there were 1,856 (mean 103, standard 
deviation 73), double the number than the 
previous year (p = 0.000). Cancellation rates 
were 3% and 2%, respectively. The hospital’s 
statistics department only records surgeries 
performed, but neither the rates nor the causes 
for cancellation by specialty; the method for 
collecting these data is different to the one 
used in the research project. The number of 
personnel, operating rooms and equipment 
was the same throughout both years.

In the prospective study, during 12 months 
1,531 surgeries were assigned, out of which 
1,168 (76.3%) were completed and 363 (23.7%) 
were cancelled. In the baseline record obtained 
one month prior to the implementation of the 
operative decision, 66 surgeries were assigned, 
39 (59.1%) were completed and 27 (49.9%) 
were cancelled (Figure 1).

Al l  assigned surgeries required an 
anesthesiologist; in the operating suite where the 
study was carried out, no surgeries under local 
anesthesia are performed in the afternoon shift.
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time slot, 176 (48.5%); emergency surgery, 
62 (17.1%); and high blood pressure in the 
patient, 38 (10.5%). These causes account for 
a cumulative 76.1% that may be considered 
as unavoidable. Cancellations due to lack of 
fasting (34; 9.3%) and lack of material (34; 
9.3%) are shown in Table 3.

As for cancelled elective surgeries, 
the most frequent causes were lack of a 
surgical time slot, 31 (41.34%); lack of 
material, 16 (21.34%); emergency surgery, 9 
(12.00%); high blood pressure in the patient, 

Figure 1: Rate of performed and cancelled surgeries by month in the baseline 
registry before applying the operative decision.
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The departments that performed the most 
surgical procedures were orthopedics, with 
471 (30.8%), and general surgery, with 465 
(30.4%), amounting to 61.2% of all surgeries; 
however, they were also the services that cancel 
the most surgeries, accumulating 22.7% of 
all cancellations between them. Seventy five 
elective surgeries (4.9%) were cancelled (Tables 
1 and 2).

Out of the 363 cancelled surgeries, the 
most frequent causes were lack of a surgical 

table 1: Performed and cancelled surgeries.

Surgeries performed Surgeries cancelled

Department n / %
Cumulative

% n / %
Cumulative

%

Orthopedics  471 / 30.8 30.8  213 / 13.9 13.9
General 
surgery

 465 / 30.4 61.2  134 / 8.8 22.7

Neurosurgery  90 / 5.9 67.1  3 / 0.19  22.89
Joint surgery  57 / 3.7 70.8  3 / 0.19  23.08
Opthlamology  56 / 3.6 74.4  3 / 0.19 23.2
Plastic surgery  27 / 1.8 76.2  7 / 0.5 23.7
Organ 
procurement

 2 / 0.1 76.3  0 / 0 23.7

Total  1,168 / 76.3 76.3  363 / 23.7 23.7

table 2: cancelled surgeries 
by type of scheduling.

Surgeries 
performed

Surgeries 
cancelled

Scheduling n / % n / %

Elective  434 / 28.3  75 / 4.9
Emergency  455 / 29.7  42 / 2.7
Waiting list  261 / 17.0  245 / 16.0
Morning shift  18 / 1.2  1 / 0.1
Total  1,168 / 76.3  363 / 23.7

table 3: causes of surgery cancellation.

Surgeries cancelled

Cause for cancellation n / %
%

cumulative

Lack of surgical time slot  176 / 48.5 48.5
Emergency surgery  62 / 17.1 65.6
High blood pressure  38 / 10.5 76.1
No fasting  34 / 9.3 85.4
No material  34 / 9.3 94.7
Lack of nurse  7 / 1.9 96.6
Lack of equipment  6 / 1.7 98.3
Patient was not admitted  3 / 0.8 99.1
No pre-operative 
assessment

 1 / 0.3 99.4

Was already operated  1 / 0.3 99.7
Not scheduled  1 / 0.3 100
Total  363 / 100 100
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8 (10.67%); and others, 11 (14.65%). The 
avoidable cancellations added up to 27 
(35.99%) (Table 4).

dIscussIOn

Throughout this research project, the number 
of surgeries performed during the afternoon 
shift doubled. The main causes for cancellation 
identified were lack of a surgical time slot and 
emergency surgery, with an overall rate of 
23.7% and an elective surgery cancellation 
rate of 4.9%.

An efficient operating room must have 
a low surgery cancellation rate; otherwise, 
the operating room is underused, the patient 
waiting list grows and costs rise. The goal of 
efficiency is to satisfy the needs of patients, 
avoiding waste and health risks as far as 
possible.16,28

Most authors recognize that, if resources 
are not correctly put to use, the population 
suffers, and particularly that segment depending 
on public hospitals for health care.26,29 Based 
on this premise, it is necessary to increase the 
operating rooms’ performance by increasing 
efficiency and thus reducing the cancellation 
of surgeries.11

It has been suggested to conduct a survey 
among the staff working in the surgical area to 
find out how efficient the operating suite is;30 
however, questionnaires are not validated. 
Thus, a factor analysis and Cronbach’s alpha test 
were applied in this study to our employees’ 
responses, to obtain a construct validation.27,31 
This analysis identified two problems that 
hinder efficiency and that may be summarized 
as a lack of organization in the employees’ 
functions, particularly those of anesthesiologists. 
Based on this result, an operative decision was 
taken that, when applied to a hospital unit, 
is more effective than a strategic decision.7,20

The operative decision consisted in 
assigning surgeries to anesthesiologists, 
taking into consideration the available 
human and material resources, and giving 
priority to elective and emergency surgeries. 
The assignment of emergency surgery was 
established by priorities: red, yellow or green,16 
adding patients from the waiting list.7 This way, 
the operating suite’s performance doubled 
with the same personnel, number of operating 
rooms and equipment. Since this project did 
not have a control group, data registered in 
the hospital’s statistics department throughout 
the year of the study and the previous one 
were used to measure the number of surgeries 
with the same procedure. In order to estimate 
the cancellation rate, we used the baseline 
registry obtained prior to the application of 
the operative decision, and observed that the 
cancellation rate decreased as performance 
increased (Figure 1). The operative decision 
was implemented to improve efficiency, since 
sometimes, patients scheduled for elective 
surgery, or patients for emergency surgery with 
a yellow or green priority, do not comply yet 
with the requirements to be taken into the 
operating room; if these patients are moved 
into the OR, they either wait there or are 
removed later, after using up a surgical slot 

table 4: causes of elective 
surgery cancellation.

Cancelled surgeries

Cause of 
cancellation n / %

Cumulative
%

Lack of surgical 
time slot

 31 / 41.34 41.34

Lack of material  16 / 21.34 62.68
Emergency 
surgery

 9 / 12.00 74.68

High blood 
pressure 

 8 / 10.67 85.35

No fasting  4 / 5.33 90.68
Patient not 
admitted

 2 / 2.67 93.35

Was already 
operated

 1 / 1.33 94.68

Not scheduled  1 / 1.33 96.01
Lack of nurse  1 / 1.33 97.34
Lack of 
equipment

 1 / 1.33 98.67

Lack of pre-
operative 
assessment

 1 / 1.33 100.00

Total  75 / 100 100.00
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that could be assigned to a patient fulfilling 
all the requirements.27

During the prospective study, 1,168 
surgeries were performed, with a high overall 
cancellation rate but with a regular elective 
surgery cancellation rate.1

The performance achieved is superior to 
that reported in two publications. a) In Italy, an 
operating suite management or administration 
system was developed, using a digital system 
with hardware and software in a project 
named “surgical patient route”, consisting 
of a data registry and a system of operating 
room management, all of which increased the 
number of surgeries by 44% and 56%.32 b) In 
Norway, a redesign of the scheduling of elective 
surgeries was developed, increasing the number 
of surgeries performed by 17% and decreasing 
the cancellation rate from 8.5% to 4.9% per 
month over a two-year period.29

Surgical capacity is always exceeded by 
demand. as reported in Australia, where it 
was found that hospital admissions for elective 
surgery increased 3.6% every year during a four-
year period. In order to decrease cancellations, 
the National Partnership Agreement on the 
Elective Surgery Waiting List was introduced, 
to achieve efficiency by planning the hospitals’ 
scheduling system. A change from static 
scheduling to dynamic scheduling was 
proposed, due to the ever-present variability 
and uncertainty in surgical departments.33

In the world’s literature, surgery cancellation 
rates vary widely between hospitals, particularly 
due to differences in definitions and the lack 
of indicator standardization to measure the 
performance and efficiency of the operating 
suite.34 Furthermore, methods for data 
collection are different, and hence cancellation 
rates vary widely, from 3.6% to 36.9%, even 
within the same hospital, as seen in the statistics 
department at Hospital Xoco and in our study. 
The causes for cancellation also differ from one 
hospital to another.2,5,8,9,12,15,17,35-37

In our study, out of 363 cancelled surgeries, 
the most frequent cause for cancellation was 
the lack of a surgical time slot, with a rate of 
48.5%, a frequently observed problem around 
the world. In the United Kingdom, the lack of 
a surgical time slot is the most frequent cause 
of surgery cancellation, attributed to the fact 

that 50% of surgeons incorrectly estimate the 
duration of the procedure when scheduling it.38 
In another study in the United Kingdom, out of 
978 cancellations over a five-year period, the 
most frequent causes were attributed to the 
patient (40%) and to the lack of surgical time 
slots (21%).11 In a prospective study conducted 
in India, out of 7,272 patients scheduled for 
elective surgery, 1,286 cancellations were 
reported, of which 63% were due to the lack 
of a surgical time slot.12

It is hard to define whether the lack of 
surgical time slots is avoidable or unavoidable,11 
since it results from several factors: the 
variability of the patient’s physical status –given 
that each patient is different–,7 the surgeon’s 
experience, the composition of the surgical 
team, and the type of procedure, because 
the procedures’ variability and complexity are 
also different. For example, the comparison 
between a laparoscopic cholecystectomy 
and a laparoscopic Nissen fundoplication, 
measured with the index for difficulty of surgery 
(IDS), yields a score of 17 and 26 points, 
respectively.23,39 This leads to conclude that it is 
difficult to predict the time needed to perform 
a surgical procedure.

The second cause for cancellation in our 
study was emergency surgery, with a rate of 
17.1%. Decreasing this rate is difficult, since 
the admission of emergencies is unpredictable. 
Hospital de Xoco is an emergency hospital, 
so assigning elective or emergency surgeries 
is difficult. There are two alternatives: one 
is a mixed approach, whereby emergency 
surgery will be assigned to any available 
operating room; the second approach involves 
devoting specific operating rooms for elective 
and non-elective procedures. However, the 
latter is not cost-effective, since it adds to the 
waiting list for elective surgeries and increases 
costs.7,16,25 In Canada, the benefit of devoting 
an operating room exclusively for emergencies 
was evaluated; the rate of surgery cancellation 
decreased from 1.5% to 0.7%, but the daily use 
of the operating room varied between 0% and 
100%, with an overall average of 53% (standard 
deviation ± 25%) during the six-month study.40 
In our study, the mixed method was adopted.

Several studies have been conducted to 
test different interventions to decrease the 
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rate of surgery cancellation. To date, with the 
pre-operative assessment clinics, better results 
have been obtained. On the other hand, there 
are few studies on the long-term effects of 
combined interventions to decrease the rates 
of elective surgery cancellation. In Australia, a 
retrospective study compared the usefulness of 
the pre-operative assessment clinics recording 
only the anesthetic causes for cancellation, and 
obtained a rate of 0.46%.41

As for prospective research projects, there 
are a few proposals, such as one from France 
(Gaucher et al.). In a multicenter randomized 
controlled trial, a pre-operative standardized 
list administered via an automated telephone 
system was used in order to reduce last-minute 
cancellation of ambulatory surgeries. Two 
groups were formed; the standardized list 
was applied to one group, whereas the other 
followed the usual protocol. No significant 
differences were found in the cancellation rates 
between groups: the rate was 5.6% in the group 
in which the intervention was applied and 5.8% 
in the control group.37

Another proposal was published in the 
United Kingdom, suggesting the creation of a 
post-operative surgical unit for major elective 
surgery; this led to an increase in performance 
from 317 to 737 surgeries performed, and a 
decrease in the cancellation rate from 36.9% 
to 0.67% over a one-year period.36

To increase operating room productivity 
and efficiency in Iran, they investigated the 
usefulness of the Six Sigma philosophy, a 
systematic approach to organization used in 
industries to decrease production defects and 
errors. A decrease in the cancellation rate 
from 3.6% to 1.4% was observed due to ear, 
nose and throat surgeries, that prior to the 
intervention had a rate of 2.7% and decreased 
to 0.35% after the intervention; the remaining 
services had no changes.42

In the Republic of Korea, the cancellation 
rates over a 100-day period were assessed before 
and after adding two operating rooms to those 
previously available. The number of surgeries 
performed increased from 1,982 to 2,198, with 
an increase in the cancellation rate from 20.5 to 
23.8% due to the lack of hospital beds.43

In the publications from the United Kingdom 
reviewed, the productivity in terms of surgical 

procedures doubled by simply building a post-
operative unit for major surgery. In our study, 
productivity doubled merely by optimizing the 
available resources based on the results of factor 
analysis and with the strategic decision applied. 
In our study, cancellation rates attributable to 
the patient and the hospital are low, probably 
because patients are hospitalized. It is possible 
to reduce avoidable causes with adequate 
supervision.10

Improving efficiency requires sensible 
administration and management, but little 
importance has been given to this necessity.

Having a successful operating suite 
requires well-structured organization, with 
interdisciplinary collaboration, distribution of 
functions and responsibilities and a director 
that leads. The person in charge must possess 
leadership skills and emotional intelligence.22,24

cOnclusIOn

Factor analysis is a useful tool, since it identifies 
underlying relations within a set of observed 
variables recorded in a database, making it 
possible to find dimensions or factors that link 
apparently unrelated variables. On the basis of 
this information, decisions are taken which, in 
our case, involved reassigning patients in ideal 
situations to the operating room with available 
material and staff; this increased performance 
and decreased the cancellation rate of elective 
surgery to an acceptable range.

Financing: No funding of any kind was 
received to conduct this study.
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