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This issue our supplement focuses on one of the most expensive areas of

the hospital: the Operating Room (OR). As usual, there is one copy for you

and one to pass on to the relevant department. Van Essen et al. introduce a new
decision support system to help OR managers successfully adjust their ever-chang-

ing OR schedules. The news section covers issues such as new technologies, team-

work and the effect of background noise on surgical team communication. The final article

looks at the different ways to keep your OR sustainable in terms of costs and the environment.

RESCHEDULING IN THEOR

A Decision Support System Keeps Stakeholders and OR-Manager Happy

By J. Theresia van Essen, Johann L. Hurink, Woutske Hartho

t, Bernd J. van den Akker

Managing the Operating Room (OR) department is difficult due to the conflicting priorities and preferences of stake-
holders. Therefore, planning and scheduling methods are helpful to increase the efficiency in OR departments (see

Cardoen et al. and Hulshof et al. for an overview on OR planning and scheduling). In this article, we focus on the resched-

uling of surgeries, or more precisely, on the rescheduling of surgeries throughout the day.

On any given day, emergency patients who
need surgery arrive in the OR department.
In many hospitals, these surgeries are
scheduled in one of the elective ORs, which
disrupts the OR schedule. Changes in the
duration of elective surgeries may also
disrupt the OR schedule. Therefore, the
initial OR schedule may have to be ad-
justed throughout the day to ensure that
it is still possible to execute.

The new OR schedule must fulfill quite a
number of restrictions, and in addition,
there are several stakeholders whose pref-
erences should be taken into account.
Since it is hard for an OR-manager to con-
sider all these restrictions and preferences
simultaneously, we developed a decision
support system (DSS), which supports the
OR-manager. The proposed approach is
general, but the realisation and used pref-
erences are based on data from a specif-
ic hospital in the Netherlands.

In the next section, we discuss the vari-
ous stokeholders involved and their re-
strictions and preferences, based on a sur-
vey performed at the [sala Clinics, which is
the above mentioned hospital in the Nether-
londs. Although these restrictions and pref-
erences may differ between hospitals, the
ideas of the method developed in this pa-
per should be applicable for other hospi-

tals too. Based on the achieved insights, we
have developed a mathematical model that
incorporates these restrictions and prefer-
ences to analyse which changes are pre-
ferred. These changes are incorporated as
decision rules in the DSS. The developed
DSS is tested by means of a simulation study
to determine what improvements can be
made to the OR schedule when the devel-
oped DSS is used in practice.

Restrictions and Preferences

The initial OR schedule is given by the as-
signment of the elective surgeries to an OR
and the initially planned start times of the
elective surgeries. Each surgery has an ex-
pected duration, however, in practice, the
actual duration of a surgery generally de-
viates from this duration. When a surgery
takes less time than expected, the initial
OR-schedule is not disrupted. However, it
may be beneficial for the OR and other de-
partments to schedule this next surgery
earlier. When a surgery takes longer than
expected, the next surgery may have to
start later. This results in a shift of the not
yet started surgeries in this OR. Because
of this, some restrictions may be violated.
In cddition, emergency surgeries may ar-
rive which also disrupt the initial OR-sched-

ule. Therefore, throughout the day, a new
OR schedule may have to be created for
all elective and emergency surgeries that
still have to be performed. In this section,
we first consider the overall restrictions for
rescheduling surgeries throughout the day.
Then, we consider all stakeholders involved
when changing the OR schedule and dis-
Cuss their restrictions and preferences.

Overall restrictions

Rescheduling is done by assigning a new
start time to each surgery. Note that we
do not allow the elective surgeries to be
assigned to another OR as this might lead
to larger disruptions in the processes. With-
in the rescheduling, it may be necessary
to cancel an elective surgery. Note that
we do not consider the rescheduling of a
cancelled surgery, because we only focus
on rescheduling within the day and not
from day to day.

The new start time of a surgery should
fulfill a number of restrictions. It should be
greater than or equal to (i) the ready time
of the patient, (ii) the start time of the as-
signed surgeon , and (iii) the start time of
the assigned OR. In addition, there may be
some surgeries that should start before o
certain time because of medical reasons,
and therefore, cannot be cancelled.
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The Patient

The key stakeholder is the patient. For pa-
tients it is important that the surgery takes
place at the scheduled time. Penalty costs
are incurred when the new start time de-
viates from this preference.

Ward

Prior to surgery, patients are admitted to
a ward where they are prepared for sur-
gery. The survey showed that when a sur-
gery starts earlier or later than scheduled,
the workload on the ward increases. There-
fore, penalty costs are incurred when there
is a change in the start time of a surgery.

Holding Department
After the preparation on the ward, the pa-
tient is transported to the holding de-
partment to be further prepared. A limit
on the number of patients who can be
treated simultaneously is determined by
the number of available nurses and beds.
The survey at the Isala Clinics showed that
the holding department prefers a levelled
amount of patients that are present at each
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patient is younger than six months, the
anaoesthetist must be present during the
complete surgery, including the surgical
procedure. This means that during this time
no anaesthesia can be administered or re-
versed in one of the other assigned ORs.

Surgeon

The surgeon is ossigned to one OR and
only has to perform the surgical proce-
dure. This means that he/she does not
have to be present during administering
and reversing anaesthesia. The surgeons
indicated in the survey that they do not
have any preferences concerning a change
in the OR-schedule as they consider the
patient to be the most important.

OR Assistants

The OR-assistants do not impose any re-
strictions on the OR-schedule. Their only
preference is that overtime is minimised.
Overtime can occur due to emergency
surgeries and surgeries that take longer
than expected. Therefore, penalty costs
are incurred when there is overtime.

The simu ation study shows that by using this
0SS, fewer surgeries are cancelled and pa-
tients and wards are more satisfied, but also
that the workload of several departments in-
cregses to compensate for this

point of time. Therefore, penalty costs, spec-
ified by the manager of the holding de-
partment, are incurred when the number of
patients exceeds a certain threshold.

Anaesthetist
The anaesthetist is responsible for adminis-
tering and reversing anaesthesia on one or
more ORs. However, during the surgical pro-
cedure, the anaesthetist does not have to be
present in the OR, because the presence of
an anaesthesia nurse is enough. Therefore, we
do not allow that more than one anaesthesia
is odministered or reversed at a time in the
ORs to which the anaesthetist is assigned.
However, there are a few exceptions. When
a surgery is complex, for example when the
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Recovery Department

After surgery, the patient is transported to
the recovery department to be monitored
while recovering from surgery. The limit on
the number of patients who can be moni-
tored simultaneously is determined by the
number of available nurses and beds.

Like the holding department, the re-
covery department also prefers o levelled
amount of patients that are present at
each point of time. Therefore, penalty
costs are incurred when the number of
patients exceeds a certain threshold.

Radiology Department
For some surgeries, an X-ray machine is
needed during surgery. For these surger-

ies a radiology technician should be pres-
ent during administering anoesthesia and
the surgical procedure. This means that
he/she does not have to be present dur-
ing reversing anaesthesia. We restrict the
number of required radiology technicians
to be smaller than or equal to the num-
ber of avaoilable radiclogy technicians.

The survey showed that it is important
for the radiology department that their
employees at the OR department finish
as early as possible so that they can car-
ry out other work in the radiology de-
partment. Therefore, penalty costs spec
ified by the radiology department are
incurred when a radiology technician fin
ishes later than needed, i.e., when the time
the radiology technicians are present is
longer than the time the radiology tech
nicians are needed.

Pathology Department

During some surgeries, tissue is removed
from a patient that needs to be examined
by a pathologist. After the surgical pro
cedure, the tissue is transported from the
OR to the pathology department. When
tissue arrives after closing time and over
time is needed penalty costs are incurred,

Logistic Department

The logistic department is responsible for
preparing materials needed during surgery.
The materials are laid out in the arder in
which the surgeries are scheduled. When
two surgeries are interchanged, penalty
costs specified by the logistic department
are incurred, because they have to change
the order in which the materials are laid out.

Decision Rules

All the restrictions and preferences described
in the previous section are combined ina
mathematical model (Van Essen et al. 2012).
The model is used to determine optimal ad-
justments of the OR-schedule, however, the
computation time of this modelis too long to
make the model applicable in practice. There-
fore, the solutions obtained by this model are
only used to determine which changes are
preferred by the stakeholdersin the solutions
obtained by the mathematical model.

We tested the model on three scenarios
for Isala Clinics. For each of the scenarios,
we only considered surgeries that started
or arrived after a certain point in time. Table
1 shows that for Isala Clinics, shifting a sur-
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Pre-Surgical Screening of Staphylococcus aureus and
Methicillin-Resistant Staphylococcus aureus Can Reduce
Surgical Site Infection rates and Hospital Costs
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of all surgical patients and are the second mast frequent

cause ol health-care associated Iinfections (HAI). They
atdvarsely impact martality and patient quality of life and
result in projonged hospitalization. In the US,, approximataly
500,000 1w 750,000 55ls eccur annually, resulting in an overall
mortality rate of 3% and increasing 1o a rate of 20% or higher
for cardiac patients. According to the CDC, on average each
551 increases & patient's hospital stay by more than a week
@nd hospital charges by more than 53,000,

S urgical site infections {55!) now affect approximately 5%

The Natianal Healthcare Salety Network (NHSN) reports that
Staphylococcus aureus (S awreus)is the predominant organism
of 551 (SA-581), accounting for about 30% of all miections.
Approximately 25-30% of healthy people are colonized with
§ aureys, while only about 5 to 8% of peaple camry methiciliin-
resistant  Staphylococcus aurews (MRSA), which & more
commonly assoclated with expasure to healthcare institutes
Most SA-551 denive from a person's own flora and carmers of
S, qureus have three to eight tmes the risk of acquiring an
HAl with this organism. Studies have now shown that SSis
can be preventad by conducting preoperative screening to
identify patients colgnized with & aureus or MRSA, followed
by targeted decolonization andior antibiotic prophylaxis. This
strategy can also Improve patient outcomes by positioning
healthcare professionals to introduce interventional strategies
for $Sis before the development of panful and potentially life-
threatening complications,

A recent Dutch randomized controlled trial evaluated the
benefits of sareening surgical patients for S aureus through a

raal-time polymerase chain reaction assay. In results published
in the New England Journal of Medicine, the authors
provided strong evidence indicating that rapid identification
of patents carrying S aureus combined with pen-operative
deconlamination  using  mupirodin  nasal ointment  and
chlorhexiding gluconate soap can reduce the rate of SA-SSI
development by nearly 60%, while causing very few side
effects. The study zlso found that this method reduced the
mean hospital stay for patients by almost two days.

A second study in the Netherlands found that a "screen-1o-
treat” strategy helped to reduce per patient hospital costs by
€2,000 and showed an annual savings to the study hospital of
$1.5M. Targeted decolonization and/or antibiotic prophylaxis
for 8 avrsus and MRSA cariers can also help raduce the use
of un necessary antiblotic therapy and preserve maximum
efficacy in antimicrobeal veatments.

A study pubiished in Infection Control and Hospital
Epidemiclogy found that while 60% of infectious disease
physiclans perform preoperative screening for § aurews, only
13% screen for both S aureus and MASA, Although soreening
strategies vary among physicians and hospitals, 3 screen-
to-reat (s positioned to deliver optimal results with the use
of rapid molecular tests able to detedt deadly superbugs
in presurgical patients.  In recent years, researchers at
BD introduced the BD GeneOhm'™ StaphSR Assay, a test
that detects S aweos and MRSA in less than two hours.
Traditional culture-based testing can take up to three days
to confinm detection. More timely detection can position
haspitale and other health facilties to initiate treatment
earlier while quarantining colonized patients and introducing
other forms of intervention that an both improve outcomes
and reduce the risk of new infection among patients and
healthcare workers.

Based an the mast recen! data, broader use of a screen-1o-
treat strategy targeting both 5 aureus and MRSA can help
reduce the risk of SSis for surgical patients while reducing
average length of hospital stay and overall hospital costs.

@ BD

Further information:

www. bd.com/europe/ds
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gery is the most frequent adjustment used,
and we also see that often a break is sched-
uled between two surgeries. The latter may
not seem optimal with respect to OR utili-
sation, however, these breaks can improve
the perceived workload of other depart-
ments or may be necessary to fulfill the re-
strictions. Therefore, we incorporate the fol-
lowing two decision rules into our 0SS:

1. Shifting a surgery
2.5chedule break between two surgeries

Table 1: Results scenario 1, 2, and 3

10am. 12pm. Zpm.
Number of surgeries 754 : 584 i 377
Rescheduled surgeries § 566 i 416 § 213
Shifted surgeries 375 { 297 | 176

Exchangedsurgeries i1 i{0 {0
Cancelledsurgeries {0 §0 1
No break 264 :183 i 71

Break15minutes 166 (112 { 66
Break 30 minutes {62 {33 {21
Breack ASminutes 22 119 1]
Breck - 45minutes 38 (37 13

Decision Support System

To make our method applicable in practice,
we have developed a DSS which can be used
by the OR-manager. We incorporated the
two decision rules thot are derived in the
previous section. The user can indicate for
which OR the schedule should be adjusted.
Then, the 0SS presents the three best op-
tions to the user. A screenshot of the 05S
is shown in Figure 1.

To determine the effect of using the DSS

Figure 1: Screenshot DSS
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in practice, we tested the developed 0SS on
data of Isala Clinics by means of a simula-
tion study. The results in Table 2 show that
the 0SS provides a much better solution
than the original realised OR-schedule of
the Isala Clinics as the total penalty costs
are reduced by approximately 50%. In ad-
dition, the results show that the penalty costs
for the patients and wards decrease, how-
ever, the penalty costs for the OR-assistants
and the recovery, radiology and pathology
departments increase. The penalty costs for
the mentioned stakeholders increase be-
cause surgeries cannot be cancelled or ex-
changed and thus, more surgeries have to
be done in overtime. Concluding, the use of
the 0S5 provides a better trade-off between
the preferences of the involved stakehold-
ers and by this reduces the incurred penal-
ty costs significantly.

Conclusions

In this article, we treated the problem of
rescheduling surgeries on the day of exe-
cution. We formulated a mathematical
model that determines the best adjusted
OR-schedule at a given point in time. The
achieved results show that, with o few ex-
ceptions, the only used adjustments are (i)
shifting surgeries, and (i) scheduling breaks
between two surgeries. These two decision
rules are incorporated in a developed DSS.
This system determines the best adjusted
schedule for one OR with respect to the
given restrictions. The simulation study
shows that by using this DSS, fewer sur-
geries are cancelled and patients and wards
are more satisfied, but also that the work-
lood of several departments increases to
compensate this.

Further research could focus on includ-
ing the Central Sterile Supply Department
(CSSD) into the model. This department
prepares the instrument sets needed for
a surgery. When a surgery is added to the
OR-schedule during the day, this may in-
fluence the workload on the CSSD. In ad-
dition, the CSS0 may impose some extra
restrictions on the OR schedule.

There are several ways in which the de-
veloped DSS can be used, for example, to
reschedule an OR immediately when it is dis-
turbed or reschedule all ORs at some mo-
ments in time. The last example also raises
the question in what order the ORs should
be rescheduled. Therefore, itis interesting
to investigote good ways to use the DSS.

Table 2: Results simulation study DSS

Total penalty costs Realised OR-schedule

Original ¢ DSS
Concellotion 66.67 0.00
Patient 4091 29.50
Wards {3440 21.44
Holding i 000 0.00
OR-gssistants | 6.43 1212
Recovery i 885 i 1470
Radiology P24 o278
Pathology i 070 i o104
Logistics i 926 i 000
Total costs ¢ 8703 4513
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