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Results: Our surgical performance with manual programming was 75.9%, ending 22.4% later
than 3 pm. The performance in the days without suspensions was 78.4%. The delay at start time
was 9.7 min.

The optimum performance was 77.5% with a confidence of finishing before 15h of 80.6%. The
waiting list has been scheduled in 254 sessions.
Discussion: Our manual surgical performance without suspensions (78.4%) was superior to the
optimal (77.5%), generating days finished later than 3 pm and suspensions. The possibilities for
improvement are to achieve punctuality at the start time and adjust the schedule to the ideal
performance.

The virtual programming has allowed us to obtain our ideal performance and to establish the
number of operating rooms necessary to solve the waiting list created.
Conclusions: The data obtained in virtual mathematical programming are reliable enough to
implement this model with guarantees.
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PALABRAS CLAVE
Programacion;
Rendimiento
quirdrgico;

Q1;

Organizacion de
quirofanos

¢Realizamos bien la programacion quirurgica? ;Cé6mo podemos mejorarla?

Resumen El objetivo es conocer la duracion de nuestras intervenciones, tiempos intermedios
y rendimiento quirurgico. Con ello elaborar una lista de espera virtual para aplicar un programa
matematico que realice la programacion con rendimiento idoneo maximo.
Material y métodos: Revision retrospectiva de 49 sesiones quirtrgicas obteniendo el retraso en
la hora de comienzo, el tiempo intermedio y el rendimiento quirdrgico. Revision retrospectiva
de 4.045 intervenciones realizadas en los 3 Ultimos anos para obtener la duracion media de
cada tipo de cirugia. Elaboracion de una lista de espera virtual de 700 pacientes para realizar
programaciones virtuales mediante el MIQCP-P hasta obtener el rendimiento 6ptimo.
Resultados: Nuestro rendimiento quirdrgico con programacion manual es del 75,9%, finalizando
el 22,4% mas tarde de las 15 h. El rendimiento en las jornadas sin suspensiones es del 78,4%. El
retraso en la hora de comienzo es de 9,7 min.

El rendimiento optimo es del 77,5%, con una confianza de terminar antes de las 15h del
80,6%. La lista de espera se ha programado en 254 sesiones.
Discusion: Nuestro rendimiento quirtrgico manual sin suspensiones (78,4%) es superior al idoneo
(77,5%) generando jornadas finalizadas mas tarde de las 15h y suspensiones. Las posibilidades
de mejora son lograr la puntualidad en la hora de comienzo y ajustar la programacion al

rendimiento idoneo.

La programacion virtual nos ha permitido obtener nuestro rendimiento idéneo y conocer el
numero de quiréfanos necesarios para resolver la lista de espera creada.
Conclusiones: Los datos obtenidos en la programacion matematica virtual son lo suficiente-
mente fiables como para implantar este modelo con garantias.
© 2017 SECOT. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

The progressive ageing of the general population will inex-
orably entail an increase in pathologies derived from this
ageing, and the fact our health system must adapt to this
increase. Orthopaedic and trauma surgery, our speciality,
is possibly one of the most affected. Over recent years
there has been an exponential increase in the number of
fractures derived from ageing and degenerative joint pathol-
ogy, especially of the lower limb. This factor, together with
progress and medical technology advances offering further
surgical options with good outcomes has led to an enor-
mous demand for surgery in our speciality, both emergency
and scheduled. Waiting lists are difficult to resolve due to
high health costs and obtaining the proportional increases
of necessary resources to resolve this problem of today.'
Appropriate management of waiting lists is crucial, not just
from a patient’s health point of view, but also regarding
other socio sanitary aspects, since this underlines a mis-
alignment between the social sanitary demand and the offer
which the state provides. The resolution of the waiting lists
depends more than the number itself of patients included,
of the assignation of resources and not so much their direct
increase but correct and appropriate management."?
Operating rooms are the most costly of all resources, and
are the most limited, as they become the bottle-neck in
the process,>* which is why it is essential to obtain max-
imum performance from them. A reduction in costs per
process also forms part of appropriate management and

planning, as does a reduction in patients on the waiting list
for operations.* At present the programming of each day in
surgery is carried out manually, empirically and subjectively,
with time in surgery being presupposed based on the experi-
ence of the service, which carries out the programming and
hospital habits and characteristics.

The performance or use of an operating room is measured
by its rate of occupation, which is the ratio between the
time available and the real time in which it is occupied by a
patient. However, ideal performance of an operating room
has not been defined, on the understanding that the higher
its occupation rate, the better the management as this indi-
cates more patients have been operated on that day and the
resource has been maintained active for longer. However,
this may mean a prolongation of the working day which may
lead to friction, conflicts and a problem in compensating for
the activity outside working hours.>

The performance of an operating room depends on the
time the operations begin and their duration. Time in surgery
has to include the time of anaesthesia, surgery and the
time between operations, i.e. cleaning and preparing the
operating room between one operation and the next. Many
factors need to be taken into consideration when program-
ming surgery, some of which are difficult to control and also
little known or studied, which explains why they are dif-
ficult. Appropriate occupation rates from 75% to 90% have
been published, both very different, using often ill-defined
methodologies for the purpose which vary from one hospital
to another.” Surgical performance figures are a constant
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bone of contention between managers and surgeons. Exces-
sive pressure may lead to a reduction in healthcare quality
and even in patient safety.’

There were several objectives involved in this study:
to determine our time in surgery for each process, time
between interventions and current performance of our oper-
ating theatres. With this data and using a mathematical
programme, we created a virtual waiting list which took
into account variables such as intervention and duration
time between interventions. As a result we were able to
undertake a simulation of programming of the most appro-
priate patients in our operating rooms so as to determine
what the ideal performance or occupation rate was, with
the final objective being for this created virtual model to be
exportable for surgical programming usage in any hospital
and speciality.

Material and methods
Retrospective review

Our service is located in a tertiary university hospital and it is
a service with teaching credentials, autonomy, a benchmark
for other hospitals which treats all types of orthopaedic and
trauma pathologies included in the locomotor system. We
retrospectively reviewed surgical activity during the month
of October 2016 (49 sessions) in daily operating theatres
during the morning in orthopaedic surgery, obtaining the
data from the Management Department of our hospital and
also from the obligatory surgery register. We did not include
trauma pathology surgery in this study, because of it being
urgent and not being included on a waiting list, which leads
to different problems. We evaluated the functioning of each
operating theatre from 8.30am to 3h pm, i.e. 390min in
each day, except Fridays where we began at 9.00h and
because the clinical sessions were longer in the surgical
services.

Using this data we studied the delay in starting time
from that programmed, the time between operations from
when one patient came out to when the next went in, the
time when the programme ended when the last patient
programmed came out, and the number of suspended oper-
ations. We studied two rates of occupation or surgical
performance in each session. The Q1, which considers the
occupation of the operating theatre by exclusive evaluation

the duration of interventions without taking into consid-
eration time between them, which is how the occupation
rate of the operating theatre is assessed in our hospital
and Q2, which evaluates the occupation of the operating
theatre from when the first patient enters until the last
exits. We also studied the days when operations ran over
time after 3 h pm and those which would have finished later
than 3h pm discounting the time of delay in when they
began.

Virtual waiting list

We also retrospectively reviewed 4045 orthopaedic oper-
ations performed consecutively in our service during the
last 3 years to obtain the mean duration of each type
of surgical intervention, considering the duration from
when the patient entered the operating theatre until
he exited from it. This data was considered in 146
types of different operations as the variable with a
mean value and standard deviation, not considering dif-
ferences between the different surgeons and surgeons and
anaesthesiologists.

Once these data were obtained we created a virtual wait-
ing list of 700 patients by calculating the probability of each
pathology appearing on the list depending on its frequency
in the 4045 reviewed orthopaedic surgical interventions. The
most prevalent operations on the list are those included in
Table 1. These 7 interventions are by their frequency 56.48%
of the list. Oncology surgery was excluded due to its variabil-
ity in time in surgery and its infrequent inclusion on waiting
lists, since it is governed by different criteria marked by
the tumour committees. The virtual patients were included
on the list randomly with 3 types of priority [maximum (3),
mean (2) and minimum (1)] and a specific age. Using the
MIQCP-P (Mixed Integer Quadratic Constrain Programming)
mathematical programme, we performed several surgical
programming processes from the list created with differ-
ent operating theatre occupation rates (Q1). These ranged
from 70% to 85%, seeking optimum performance, i.e. max-
imum occupation of the day with a minimum confidence
level of 75% and a mean always above 80% of terminat-
ing the surgical programme before 3h pm. This confidence
level was calculated in accordance with statistical concepts
based on normal distribution, since all variables studied
(duration of operating, delay in starting and time between

Table 1 Most common surgical interventions included in the created virtual waiting list.

Surgery % on virtual waiting list Mean duration (min) Standard deviation (min)
Primary knee arthroplasty 10.42 133 24

Meniscal knee arthroplasty 10.40 81 21

Uncemented total hip arthroplasy 4.82 145 37

Cemented total hip arthroplasy 8.82 153 23

Dupuytren disease 4.90 75 23

Hallux valgus 4.60 83 22

Carpel tunnel syndrome 12.52 45 12
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operations) were considered as normal distribution. The pro-
gramming was carried out using a mathematical programme
taking the following into consideration: age, priority, dura-
tion of operations, mean delay in start time and dead time
between operations. This programming was designed by giv-
ing the oldest patient 10 points and the most recent 0
points, with the other patients having a percentage score in
accordance with this. With respect to priory, minimal pri-
ority (1) was 0 points, intermediate priority (2) 5 points
and maximum priority (3) 10 points. With these scores
and a weight of 70% given to age, and 30% to priority, all
the patients on the waiting list were ordered according to
scores.

With these programming criteria we determined the opti-
mum performance of surgical sessions, i.e. their maximum
occupation with a guarantee at terminating the program-
ming before 3h pm and with this optimum performance,
the number of surgical sessions necessary for operating on
the 700 patients on the virtual waiting list.

Results
Retrospective review153

153 operations were programmed for the 49 surgical sessions
carried out in the month of October 2016. Performance or
occupation of time in surgery was Monday to Thursday at
76.0% in Q1 and 86.9% in Q2, highlighting that when the sus-
pension of a surgical intervention occurred, performance
dropped to 60% and 72%, respectively, since the patient
was not replaced. On Fridays, surgical performance was
75.9% in Q1 and 87.7% in Q2. Globally, without differen-
tiating between different days of the week, our surgical

Table 2  Surgical performance.

performance was 75.98% in Q1 and 87.12% in Q2 (Table 2).
The remainder of the time in Q1 is the time of delay in
starting the intervention, the time between interventions
and the time from when the last patient exited up to
15.00 h, which is the end of the available operating theatre
time. If the suspended interventions were not accounted for,
and only those sessions where no operation was suspended
are reviewed, our overall performance of Q1 was 78.4%
(Table 2).

With regard to suspensions of an operation, there were
8 over the month, which indicates that in 16.3% of surgical
working days some type of suspension occurs, 7 of which
presuppose will finish later than 3h pm. It comes to our
attention that the suspension occurred every day of the
week except Mondays, when no operations were suspended,
but this was not a significant event, due to the low number
of suspended interventions each day.

In our current situation start time stands out as hav-
ing a 9.79 min delay on average and a standard deviation
of 12.41 min, with no significant differences between the
different days of the week. The time between interven-
tions is between 19 and 20 min, without differences between
the first and second and between the second and third
intervention except for Fridays where the time between
the first and second intervention is quite low, dropping
to 30%.

With regards to the finishing time, in 22.45% of pro-
grammed operations the last patient went out of the
operating theatre after 3h pm, always with a prolongation
of less than 15 min, except one day in which the prolonga-
tion was almost 60 min. Without taking into consideration
the delay at the beginning, i.e. if all the programmes had
begun punctually at the correct time (8:30am or 9:00 am),
this percentage would drop to 10.20%.

Monday-Thursday

Operations suspended
No
Yes
General total

Q1

78.95833333
60.25641026
76.00539811

Q2

89.74358974
72.00854701
86.94331984

Friday
Operations suspended Q1 Q2
No 76.0493827 87.96296296
Yes 72.91666667 86.80555556

General total

75.93434343

General

87.75252525

Operations suspended
No
Yes
General total

Q1

78.44173442
63.42147436
75.98944706

Q2
89.35272045
75.70779915
87.1249782
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Type 1 Mean occupation level vs. Mean confidence level
86.5

825 e
80.5

785 .

Type 1 mean occupation (%)

745 i
55 60 65 70 75 80 85

Average confidence level (%)

Figure 1
level (80%).

Type 1 (Q1) mean occupation with mean confidence

Type 1 Mean occupation level vs. minimum confidence level
86.5

845 ° T
- e
80.5 | wmrkuhd

785 -

Type 1 mean occupation (%)
/

50 55 60 65 70 75 80

Minimum confidence level (%)

Figure 2 Type 1 (Q1) mean occupation with minimum confi-
dence level (75%).

Activity during the last 2 h of the operating theatre work-
ing is altered when surgery is delayed, with all the activities
of the operating theatre being accelerated up to 10% of the
regular time of these processes.

Virtual waiting list

After carrying out several programmes with different surgi-
cal performance (Q1) from the virtual waiting list created,
we found that ideal Q1 performance of an operating theatre
is 77.5%, with a mean confidence level of 80.61% (Fig. 1)
and minimum is 75% (Fig. 2) not going past 3 h pm in its ter-
mination. Programming of the 700 patients with this ideal
performance was carried out in 254 surgical sessions which
entailed 1663.7 h, as necessary for resolution.

Discussion

The assignation of operating theatres to a certain service
is made by the hospital management and should match the
healthcare demand of this service.® The correct use, i.e. the
performance of this expensive resource,* is studied in a spe-
cific department of each hospital formed by people who do

not work with the resources, i.e. people who are not closely
involved with the these resources. The data sent from these
departments to the different services on the use of these
resources is limited to a global or final numerical figure from
which it is difficult to draw conclusions which could then be
made into solutions for improvement. They are not proposed
or it is difficult to extract conclusions on improvable points.
The necessary monthly information which should reach a
surgical service on how it functions in the surgical block is
the number of interventions programmed, the number of
emergency interventions, the number of interventions sus-
pended, the rate of occupation of the operating theatres,
the mean delay in commencement of surgery, the mean
time between interventions and the delay in finalisation.®
If this information is not sent we ourselves are respon-
sible for obtaining it, since these data are necessary to
attempt to obtain the best management and use of available
resources.

The operating theatre is the most expensive resource*
in a hospital. Its functioning may mean up to 40% of
the financial cost of all hospital resources®’ and 70% of
the patients who stay there.? For this reason an essential
objective has always been that of obtaining the maximum
performance from the operating theatre by reducing costs
without detriment to healthcare quality, which is priority. To
carry out programming with maximum use of the operating
theatre we cannot base our ideas on suppositions, sub-
jectivities, etc., on the duration of certain interventions.’
We need to know what our real times are, correspond-
ing to historical data of our hospital and services, as we
did in this study and not basing our evidence on that of
other hospitals and centres where great variability exists.
Knowing the actual times of our hospital, or our surgi-
cal block and our service is essential for a programming
with maximum use of the operating theatres.> Corella and
Albarracin’ proposed a system of surgical pathology classi-
fication based on complexity, duration of surgery and even
defining intermediate times with applicable figures but with
the need to adapt to the reality of each hospital and surgical
block.

Our monthly global surgical performance was that of
75.9% and 87% in Q1 and Q2, respectively, which are figures
that are difficult to surpass with regards to the occupa-
tion of the operating theatre, but without a doubt are
improvable, since 22.45% of sessions finished after 3h pm,
which should not happen and surgical suspension is also a
problem for patients and family members, creates tension
between theatre personnel and problems in compensat-
ing for the extra time in the working day. The optimum
performance found, i.e. that of maximum operating the-
atre occupation without finishing after 15.00 h was 77.5% in
Q1. This may be interpreted as 1.6% more than that pro-
grammed by us, equal to 6.24 min. However, we should not
interpret our performance as slightly lower than the ideal
obtained, since if we examine the performance we have in
our theatres when no intervention has been suspended, it
is 78.4%. This is higher than the ideal and it may be that
this high performance also leads to a delay in start time,
which in over 20% of our days begins later than the sched-
uled time, leading to the majority of surgical suspension. In
reality we programme the working days without suspension
of any process, 0.9% more ideal time, which corresponds
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to 5.51 min. This figure is eliminated by the mean delay of
9min at the start time of the first operation. If we were
punctual at the start of surgery, ideal performance could
change, as the delay was taken into account in the virtual
programming.

With regard to our possibilities of improving program-
ming, we cannot reduce anaesthesia or surgery time as
this could entail a risk to the patient. We have to work
to reduce the time between interventions, improve the
punctuality at the start and even put the time of starting
forward. Reducing time between interventions is complex,
and could be approximately 20min. This time could be
reduced but only by very little, since cleaning and prepa-
ration of the operating theatre for the next intervention
necessarily takes time and its drastic reduction could lead
to an increase in infections. For this reason, we have
only calculated our performance in Q1, since Q2 is con-
sidered invariable regarding time between interventions.
Although it is difficult, time should be taken into consid-
eration as it is a variable we should try to improve. To sum
up, our opportunity for improvement stems from improv-
ing punctuality at the beginning of surgery, a fact that has
already been reported by Gomez-Arnau and Gonzalez,’ since
apart from the time gained, this provides an atmosphere
of ‘‘seriousness and compliance’’ to the surgical block.
We will improve if we manage to start earlier and adjust
our programming to our ideal performance, thereby avoid-
ing finishing later than the scheduled time and cancelling
operations.

Surgical planning is extremely complex and tedious, and
we do not normally have useful data at our disposal to
help us. In the majority of hospitals this is normally carried
out manually.® Programming involves many factors, some of
which are difficult to control and involve contrary inter-
ests on occasions. The variety of operations, the duration
of each operation, priorities of certain pathologies, the
capacity of the hospital, the time of hospital stay, doctor’s
timetable and patient’s age all play a role.® Good or bad
surgical programming has a direct impact on the number
of patients treated, waiting times and performance of the
system.® We are pursuing its maximum occupancy, the high-
est level of patient satisfaction, the lower financial cost,
the greatest quality in surgery performed and all taking
into account the enormous variability of operations carried
out®’ and of the people who daily participate in the surgical
activity with very different tasks, surgeons, anaesthetists,
operating theatre nurses, clinical assistants, ancillary staff,
cleaners, etc., who have to synchronise their work.” Bear-
ing in mind these parameters, Barbagallo et al.” carried out
surgical programming using a mathematical model applied
to the waiting list, obtaining an improvement in perfor-
mance of operating theatres between 10% and 20%, and this
was an exportable model to other specialities and hospitals
like our own. In these same terms, Wolff et al.’ applied a
mathematical programme and achieved an improvement in
surgical performance between 10% and 15% compared with
manual programming. The application of a mathematical
model to health practice, i.e. the numerical quantifica-
tion of the problem to be resolved,>*°'" should always
be taken with reserve due to the unpredictable variables
that may arise, especially in carrying out surgical inter-
ventions where a whole range of factors, many of them

material and human, are involved and are difficult to con-
trol. However, these reservations apart, we should know how
to obtain, the maximum benefit of the enormous mathe-
matical possibilities. Velasquez et al."® carried out a review
of the literature where the majority of solutions given in
the improvement of surgical programming was based on
mathematical models with heuristic methodology to simplify
the complex problems of simulation, as we have seen, and
considerably reduce the programme variability.* The math-
ematical programming always offers better results than the
manual of all the models but they are all theoretical, and
have not yet been applied to a real programme.® Whomever
finds a theoretical solution to a problem will be close to its
resolution.'®

The programming of surgery has always been carried
out by surgeons, and it is therefore surprising that all the
attempts to improve it are always published by people who
are theoretically removed from the surgical programming,
like engineers, mathematicians, economists, etc.,>®°12
with texts and programming that is almost always difficult
for a surgeon to understand. Within the medical sector, there
are anaesthesiologists and doctors of preventative medicine
who have studied it."® Cardoen et al.,'? in a review of
the systems used in the majority of surgical programming,
state that many definitions and proposals in improvement
have not been negotiated or explained between researchers
and those who do the programming, and they are there-
fore difficult to understand and apply. It has even been
proposed that some of the planning models share an oper-
ating theatre in the same day for different services,® which
could lead to problems and complications due to the dif-
ferent characteristics of the inventions made. Due to this
lack of comprehension and co-operation, we continue to do
the programming manually. We are attempting to improve
our programming by doing this work jointly between engi-
neers and surgeons,’® as has been previously attempted,
so that we can easily comprehend and apply medical
practice.

Why is this programme interesting? There are several rea-
sons for this. Firstly, to be able to programme optimum
performance of each surgical session, i.e. its maximum occu-
pation with minimum risk of prolonging the session over the
time available. When we know the duration of interven-
tions and intermediate times we can detect with greater
precision at which point specifically problems have arisen
or may arise, and therefore prevent and avoid them in the
future.' As we are able to programme the whole waiting
list, we can inform the patient of the next approximate
date of surgery as soon as they arrive. We can also know
at all times what the surgical resources are that we need
to resolve on our waiting list within a certain period and
send them to the control body of the surgical block of our
hospital.® This does normally not occur as surgical resources
are assigned to each service in a loose and inflexible man-
ner. This system allows us to quantify the surgical waiting
list in time, which has already been proposed for simi-
lar somewhat more complex systems.” This system would
allow us to periodically demand the appropriate division
of surgical resources to the different services with spe-
cific data, depending on their needs.> By using this system
we could even report the cost which its resolution would
involve.
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This mathematical programme helps us to avoid the
existing human subjectivity in the surgical programming,
by extensively reducing variability and time dedicated to
its execution, as well as increasing transparency, efficacy
and equity.” Another advantage of this mathematical pro-
gramme is that with knowledge of the necessary data, the
duration of interventions, intermediate times and the time
when operations began are exportable to any specialty and
hospital.

There is a problem with this system which progressively
improves but is difficult to resolve. Not all anaesthetists
or surgeons spend the same amount of times resolving
a certain pathology, but we understand that all times
are included in the standard deviation of each proce-
dure. The same occurs with the teaching services with
residents who perform surgery under supervision.! For
these reasons, all types of mathematical programming
must be permanently open and at the same time offer
feed-back with the duration of each intervention made,
that is the most important data of programming.® In this
way the different types of intervention could be contin-
uously regulated, a future objective of the programme
could even be to know the individual surgical times of
the anaesthesiologists and surgeons so that programming
could be made according to who was to participate in the
intervention.

After this study we could confirm that our surgical
performance with the manual programming was diffi-
cult to improve, but it was a good learning curve
to find out precise and in-depth details, problems and
faults of programming and execution of surgical pro-
grammes, improving the reports sent today from the
administrative bodies to the clinical services. These data
were obtained by simply reviewing one month of sur-
gical performance and making use of the historic data
of our service. The results obtained from this virtual
programming are preliminary but would always be nec-
essary to introduce a new strategy, and are reliable and
promising enough to introduce this type of programming
with a sufficient guarantee of obtaining the expected
outcome.

Level of evidence

Evidence level V.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this investigation.

Confidentiality of data. The authors declare that they have
followed the protocols of their work centre on the publica-
tion of patient data.

Right to privacy and informed consent. The authors
declare that no patient data appears in this article.

Conflict of interest

No financing or economic aid was received for conducting
this study. None of the authors have any conflict of interests
to declare.

References

1. Corella I, Albarracin A. Conceptos e indicadores basicos en
economia. Analisis del rendimiento quirtrgico. Sistema TQE.
Madrid: Escuela Nacional de Sanidad; 2012. Tema 8.3. Avail-
able from: http://e-spacio.uned.es/fez/eserv/bibliuned:
500678/n8.3_An__lisis_del_rendimiento_quir__rgico.pdf
[accessed 15.02.17].

2. Antomil J, Arenas M, Bilbao A, Pérez B, Rodriguez MV.
Planificacion optima de la actividad quirtrgica en hospi-
tales publicos mediante un modelo de programaciéon com-
promiso posibilistica. Available from: www.uv.es/asepuma/
recta/extraordinarios/Vol 02/16.pdf

3. Molina JM, Framinan JM, Gonzalez PL, Andrade JL. Planifi-
cacion quirdrgica: revision de la literatura. In: 3rd International
Conference on Industrial Engineering and Industrial Manage-
ment, Xl Congreso de Ingenieria de Organizacion. 2009.
p. 1346-55.

4. TanYY, ElMekkawy TY, Peng Q, Oppenheimer L. Mathematical
programming for the scheduling of elective patients in the oper-
ating room department. Available from: http://www.google.
es/url?url=http://queens.scholarsportal.info/ojs/index.php/
PCEEA/article/download/3785/3793&rct=j&frm=1&q=&esrc=s
&sa=U&ved=0ahUKEwjmlaaé5cTSAhWC2BoKHXG9C-YQFggXMAE
&usg=AFQjCNGfN57NO7Ahk_DzbFMIWz-G6fBfXQ

5. Gomez-Arnau JI, Gonzalez A. Principios generales de orga-
nizacion y gestion clinica de un bloque quirtrgico. Rev Esp
Anestesiol Reanim. 2001;48:180-7.

6. Molina JM, Framinan JM, Pérez P, Leon JM. Modelos para la res-
olucién de la programacion de quir6fanosPT 3rd international
conference on industrial engineering and industrial manage-
ment. XlIll Congreso de Ingenieria de Organizacion.2009. p.
1356-65.

7. Barbagallo S, Corradi L, de Ville de Goyet J, lannucci M, Porro
I, Rosso N, et al. Optimization and planning of operating the-
atre activities: an original definition of pathways and process
modeling. BMC Med Inform Decis Mak. 2015;15:38-54.

8. Roland B (These Doctoral) Intégration du facteur humain dans
la gestion des ressources partagées appliquée a la programma-
tion opératoire. Facultés Universitaires Catholiques de Mons.
Département de Sciences de Gestion - Louvain School of Man-
agement; 2010.

9. Wolff P, Duran G, Rey P. Modelos de programacion matematica
para asignacion de pabellones quirlrgicos en hospitales publi-
cos. Revista Ingenieria de Sistemas. 2012;26:23-48.

10. Velasquez PA, Rodriguez AK, Jaén JS. Aproximacion metodoldg-
ica a la planificacion y a la programacion de las salas de
cirugia: una revision de la literatura. Rev Gerenc Polit Salud.
2013;12:249-66.

11. Persson M, Persson JA. Optimization modelling of hospital oper-
ating room planning: analyzing strategies and problem settings.
In: Brailsford S, Harper P, editors. Operational research for
health policy: making better decisions. Switzerland: Bern; 2007.
p. 137-47.

12. Cardoen B, Demeulemeester E, Belien J. Operating room plan-
ning and scheduling: a literature review. Eur J Oper Res.
2010;201:921-32.


http://e-spacio.uned.es/fez/eserv/bibliuned:500678/n8.3_An__lisis_del_rendimiento_quir__rgico.pdf
http://e-spacio.uned.es/fez/eserv/bibliuned:500678/n8.3_An__lisis_del_rendimiento_quir__rgico.pdf
http://www.uv.es/asepuma/recta/extraordinarios/Vol_02/16.pdf
http://www.uv.es/asepuma/recta/extraordinarios/Vol_02/16.pdf
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0085
http://www.google.es/url?url=http://queens.scholarsportal.info/ojs/index.php/PCEEA/article/download/3785/3793&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjmlaa65cTSAhWC2BoKHXG9C-YQFggXMAE&usg=AFQjCNGfN57N07Ahk_DzbFMlWz-G6fBfXQ
http://www.google.es/url?url=http://queens.scholarsportal.info/ojs/index.php/PCEEA/article/download/3785/3793&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjmlaa65cTSAhWC2BoKHXG9C-YQFggXMAE&usg=AFQjCNGfN57N07Ahk_DzbFMlWz-G6fBfXQ
http://www.google.es/url?url=http://queens.scholarsportal.info/ojs/index.php/PCEEA/article/download/3785/3793&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjmlaa65cTSAhWC2BoKHXG9C-YQFggXMAE&usg=AFQjCNGfN57N07Ahk_DzbFMlWz-G6fBfXQ
http://www.google.es/url?url=http://queens.scholarsportal.info/ojs/index.php/PCEEA/article/download/3785/3793&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjmlaa65cTSAhWC2BoKHXG9C-YQFggXMAE&usg=AFQjCNGfN57N07Ahk_DzbFMlWz-G6fBfXQ
http://www.google.es/url?url=http://queens.scholarsportal.info/ojs/index.php/PCEEA/article/download/3785/3793&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjmlaa65cTSAhWC2BoKHXG9C-YQFggXMAE&usg=AFQjCNGfN57N07Ahk_DzbFMlWz-G6fBfXQ
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0095
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0100
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0105
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0110
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0115
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0120
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0125
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0130

382 J. Albareda et al.

13. Clavel D, Mahulea C, Albareda J, Silva M. Operation planning of 14. Santina M, Combalia A, Prat A, Suso S, Baiios M, Trilla A. Con-
elective patients in an Orthopedic Surgery Department. In: 2016 tribucion de un programa de calidad asistencial al desarrollo de
IEEE 21st international conference on emerging technologies un Instituto de Gestion Clinica del Aparato Locomotor. Rev Esp
and factory automation (ETFA 2016). 2016. p. 1-7. Cir Ortop Traumatol. 2008;52:233-7.


http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0135
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140
http://refhub.elsevier.com/S1988-8856(17)30077-9/sbref0140

	Do we perform surgical programming well? How can we improve it?
	Introduction
	Material and methods
	Retrospective review
	Virtual waiting list

	Results
	Retrospective review153
	Virtual waiting list

	Discussion
	Level of evidence
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interest
	References


