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Usually, all operating rooms in a hospital have the same daily capacity although differing operating hours
might be advantageous to match the demand. We propose and evaluate an optimization model that tacti-
cally distributes the total available operating time over the different operating rooms in order to improve
performance. The probability of a perfect day without overtime or cancellations serves as objective cri-
terion. Hence, the solution obtained has a maximum probability of no overtime or cancellations in all
operating rooms. Uncertainties handled are mainly the surgery duration of patients and the daily num-
ber of patients to treat. To assess the number of patients, a method for sampling from multidimensional
distribution functions for health care purposes is introduced. It is demonstrated that optimal operat-
ing hours for operating rooms can significantly influence key performance indicators such as overtime,
rescheduling of patients and utilization. Implications for research and practical purposes can be deduced
from an extensive simulation study with realistic data.
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1. Introduction

Facing an increasing demand for health care supply, hospitals
need to carefully balance their use of resources to ensure eco-
nomic efficiency and best care for their patients. The operating
theater (OT) contributes substantially to costs and revenues and re-
quires particular attention in the dimensioning of capacities. Usu-
ally, in literature as well as in practice, every operating room (OR)
in the OT is assigned with the same capacity per day resulting in
the same daily regular operating time for all ORs. In this paper,
we show that using the capacity differently to distribute operat-
ing time unevenly over the ORs can be advantageous. Uncertain
parameters, like the number of patients and their treatment dura-
tion, complicate the planning procedure in the OT and hinder the
realization of plans. As a result, interests of different stakeholders
are difficult to achieve, plans are changed on short notice and un-
desirable measures have to be taken. Therefore, proper consider-
ation of uncertain parameters supports good planning. The com-
plex decision-making process of capacity allocation in operating
theater planning is performed at three planning levels: strategic,
tactical and operational (Guerriero & Guido, 2011; Hulshof, Kort-
beek, Boucherie, Hans, & Bakker, 2012). At a strategic level, deci-
sions are made on constructional circumstances like the number
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of operating rooms. In addition, global settings like the total OR
capacity and available OR capacities for each department are spec-
ified. Furthermore, the hospital decides on the types and maximal
number of patients to accept for admission to determine the hos-
pital’s case mix as far as possible. Decisions on the tactical level
affect the medium-term plan. This includes the development of a
master surgical schedule, i.e., the allocation of strategically fixed
capacity over the ORs and also shift planning of the staff. In this
contribution, we propose an optimization model to tactically de-
cide on the distribution of OT capacity over the different ORs in
order to improve quality of care for the patients and working con-
ditions for the staff. Based on strategic and tactical decisions, short
term decisions are made at an operational level. With the exact
knowledge of the number of patients to be treated on a specific
day, a detailed patient planning is done. Each patient is assigned
to an operating day, room and time. This defines the order of surg-
eries in each room. To evaluate the influence of the tactical de-
cision made by our optimization, we analyze the effects of ad-
justed and optimized operating hours on the operational level in
a simulation study. Since each planning level highly depends on
the decisions made one level above, it is indispensable to include
lower-level information to efficiently provide decision support. Per-
fect predictions of uncertain parameters, like the exact number of
patients and medical requirements, cannot be made in advance,
therefore, estimations as precise as possible are used. In this con-
text, Harper (2002) emphasizes the need for patient classification
techniques for a better management of hospital resources. Instead

Please cite this article as: L. Koppka et al., Optimal distribution of operating hours over operating rooms using probabilities, European
Journal of Operational Research (2018), https://doi.org/10.1016/j.ejor.2017.12.025



https://doi.org/10.1016/j.ejor.2017.12.025
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ejor
mailto:lisa.koppka@rub.de
mailto:lara.wiesche@rub.de
mailto:matthias.schacht@rub.de
mailto:or@rub.de
https://doi.org/10.1016/j.ejor.2017.12.025
https://doi.org/10.1016/j.ejor.2017.12.025

JID: EOR

[m5G;January 10, 2018;0:59]

2 L. Koppka et al./European Journal of Operational Research 000 (2018) 1-16

Tactical Operational

Probability Computation

l l

Optimization Model

Data Analysis

Evaluation Framework
for Real World Application
Sec. 4

for Capacity Allocation
Sec. 3

1 l

Practical Implications

Scenario Generation

=

Application: Sec. 5

Fig. 1. Remainder of this paper.

of considering each patient individually, patients are clustered ac-
cording to their medical requirements and the required equipment
of their ORs. The hospital’s individual case mix is based upon this
classification.

Dependent on the case mix, existing capacities have to be op-
timally distributed at a tactical level. Thus, the question arises if
the common practice of distributing the total OT capacity evenly
over the ORs impairs performance of the OT. This paper covers
that topic and addresses the optimal allocation of the available to-
tal OT capacity over the individual ORs with regard to the case
mix. We propose an integer linear program (ILP) to optimally al-
locate OR operating hours at a tactical level taking the uncertain
surgery duration and daily number of patients into account. The
aim is to minimize induced undesirable measures like overtime or
postponements of surgeries at the operational level. For health care
purposes, we develop a generally applicable new method to gen-
erate scenarios for varying numbers of patients to be integrated in
the optimization model. Subsequently, using a stochastic discrete
event simulation, we evaluate at an operational level how main
performance criteria and stakeholders are influenced by different
allocations of operating hours and whether the consideration of a
given case mix in the determination of operating hours will im-
prove the performance.

Major contributions of our work are

determining optimal operating hours for each OR,

a holistic consideration of the OT to represent dependencies be-
tween ORs,

an innovative handling of uncertain treatment duration,
proposing a generally applicable new method for heuristically
generating scenarios representing the hospital’s case mix,
deducing practical results from a realistic application.

The remainder of the paper is structured as follows:
Section 2 summarizes existing literature related to this paper.
The next three sections follow the schematic overview in Fig. 1.
In Section 3, we propose an ILP to optimally distribute given OT
capacity over ORs while maximizing the probability that neither
overtime occurs nor planned surgeries have to be canceled. The
optimal solution will be evaluated using a generalizable concept
for evaluation of tactical decisions at an operational level. This
concept will be presented in Section 4 and it will be applied
to data obtained from a large German hospital for thoracic and
cardiovascular surgery in Section 5 (see surrounding box in Fig. 1).
Additionally, data processing and data analysis is reflected, results
are discussed and practical implications are derived from the
evaluation. A conclusion and outlook is given in Section 6.

2. Related literature

In recent years, a lot of research has focused on the problem
of operating theater planning. Comprehensive reviews of operating
room planning and scheduling have been carried out by Cardoen,
Demeulemeester, and Belién (2010); May, Spangler, Strum, and
Vargas (2011) and Guerriero and Guido (2011). In these papers,
several deterministic, stochastic and dynamic models for capac-
ity dimensioning, capacity allocation and patient scheduling were
evaluated. We will tactically determine operating hours for ORs,
considering uncertain surgery duration and uncertain patient oc-
currence and evaluate them at an operational level. Hence, the
following review is structured into literature regarding operating
hours, uncertainty in OT planning and evaluation methods.

2.1. Operating hours

The existing approaches mainly focus on allocating capacity to
specialties within fixed OR operating hours (Agnetis et al., 2014;
Dexter & Traub, 2002). Usually, the OR block length is given
and evenly distributed over the different operating rooms (see
e.g. Belién, Demeulemeester, & Cardoen, 2009 or Ma & Demeule-
meester, 2013). Decisions are only made regarding the number of
operating room openings (Roland, Di Martinelly, & Riane, 2006;
van Houdenhoven, van Oostrum, Hans, Wullink, & Kazemier, 2007;
van Oostrum et al., 2008) and analysis of OR time extensions (see
e.g. Testi & Tanfani, 2009). In the scope of testing different alterna-
tives, Dexter and Macario (2002) analyze the influence of different
OR hours and show great potential for optimization. For this rea-
son, Koppka, Schacht, Wiesche, Bapumia, and Werners (2018) pro-
pose a linear optimization model to determine optimal OR operat-
ing hours. They show that differing individual OR operating hours
for the same total OT capacity can considerably reduce staff over-
time and patients rescheduling. In their model, the uncertainty of
surgery duration does not reflect the entire scope of uncertainty.
We extend the handling of uncertainty in this paper considerably.

2.2. Uncertainty

Uncertainty complicates the design and management of effi-
cient OR planning. The main challenge in determining optimal OR
hours is to provide sufficient capacity with respect to a varying
number of patients, uncertain surgery duration as well as an un-
certain occurrence of emergency patients. At a tactical level, the
available OR capacity has to be balanced between elective pa-
tients and emergencies. Van Riet and Demeulemeester (2015) and
Ferrand, Magazine, and Rao (2014) classify the existing contribu-
tions according to the strategies for dealing with emergencies:
dedicated, hybrid and flexible capacity planning. Most studies on
OR planning assume that emergency surgeries are performed in
a particular emergency OR. This implies that emergencies are not
taken into account when planning elective surgeries. However,
Woullink et al. (2007) have shown that in terms of waiting time,
staff overtime, and OR utilization, it is preferable to schedule the
emergency surgeries in the next available elective OR. Furthermore,
at a tactical decision level, OR time for emergencies must be guar-
anteed. Thus, in this contribution, a flexible strategy is chosen con-
sidering no separate OR for emergencies, but sharing the OR capac-
ity between elective and non-elective patients.

Additionally, uncertainty in surgery duration has to be consid-
ered, since deviations from the planned duration directly influence
OR planning in terms of idle time or overtime as well as cancella-
tion of surgeries. Information on surgery durations can be obtained
from historical data or can be specified by experts (Denton, Miller,
Balasubramanian, & Huschka, 2010). In most hospitals, estimates
for surgery durations are obtained by relatively simple methods
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