World Academy of Science, Engineering and Technology 64 2012
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Abstract—Operating rooms are important assets for hospitsls

they generate the largest revenue and, at the Sameproduce the
largest cost for hospitals. The model presentethis paper helps
make capacity planning decisions on the combinatixénopen
operating rooms (ORs) and estimated overtime tdsfgathe
allocated OR time to each specialty. The model done® both
decisions on determining the amount of OR time peroand to
allocate to different surgical specialties. The isieas made are
based on OR costs, overutilization and underutibnacosts, and
contribution margins from allocating OR time. Thesults show the
importance of having a good estimate of speciaigge of OR time
to determine the amount of needed capacity andligiged the
tradeoff that the OR manager faces between opemoge ORs
versus extending the working time of the ORs alyeadise.

Zhang et al. [20] used a finite-horizon mixed imdeg
programming approach for allocating OR capacityp th
developed model determines a weekly OR allocatomptate
that minimizes inpatient cost measured as thegttenf stay.

The second step in surgery planning after allogatie OR
time to specialties is to assign the OR time fathespecialty
or department to the different surgical groupsféént papers
in the literature suggest different models to as€)R time to
surgical groups [2,3,4,10]. Blake et al [4] usedeger
programming to assign block time to surgical growgsle
Dexter et al. [10] used a time series analysisotedast the
total hours of elective cases of allocation of QRet for
surgical groups.

Keywords—capacity planning, contribution margins, operating The last step in surgery planning is to assign atp®is to

room, overutilization

. INTRODUCTION

rooms for each surgical group. Ozkarahan [16] ugedl
programming to allocate surgeries to ORs based camr
utilization, surgeon preferences, block restricsionand

PERATING ROOM (OR) is the greatest source of revenuéntensive care capabilities.

for hospitals [6]. It is estimated that revenue ayated
from ORs account for an estimated 40% of total meree[12].

During surgery planning and scheduling, OR time is
assigned and allocated mainly based on demand by

Because of the increasing demand for health cam a@iepartment, specialties, and surgical groups and then

competition for resources; in addition to OR cdnition to
hospitals revenue, decisions related to allocadiycapacity
or expanding the capacity of the OR are of greatoirtance
and greatly impacts the quality and cost for th&edént
stakeholders involved; namely, patients, surgeoasd
hospital administrators. In many hospitals, surgglanning
and scheduling is carried out in the following stefs surgery
planner or decision maker in the first step wiltetenine the
amount of available capacity, which is the OR tiamal how
much of that capacity to allocate to elective casbich will
be scheduled in advance or to emergency cases wililiche
performed as soon they arrive. The elective capaadity of
OR time is allocated to the different specialtiessdd on
demand and historical use of OR time. Blake et [3].
developed an integer programming model and positisal
heuristic to allocate OR time to different depantitsebased on
each department requirement and assigning penalty
undersupply. Strum et al. [18] and Strum et al] [@Sed a
minimal cost model of underutilization and oveiagtion to
determine the optimal amount of OR time to allodateach
specialty.
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available OR time. Hospitals try to assign as maglhey can
from the available OR time to achieve high usagel an
utilization to meet the increasing demand for Heatare
services and reduce costs while improving qualitycare.
Several papers in the literature studied OR sclmglulse of
demand and OR utilization as the basis to allo€iRetime
[2,3,4,16]. Integer programming and goal prograngmivere
the common methods used in these papers.

A new direction in the literature argued that ORdishould
be assigned and allocated based on contributiongingar
[7,8,14]. Contribution margin is defined as the it
revenue generated by a surgical case minus allitabzation
variable labor and supply costs. The reason Maedra. [14]
advised to use contribution margin is the resulthefir study
on the variation of contribution margin per hour@R time
among surgeons where they found that that the ibotitin
fmargin per hour was negative for 26% of the caBester et
al. [7] and Dexter et al. [8] have also found thantribution
margins per hour of OR time varied more than 10@0f6ng
surgeons. However despite the argument to useilootitn
margins, the OR time is still allocated heavily dédn OR
utilization. Assigning OR time using contributionangins
only will only result in assigning the surgical gpwith the
highest contribution margin in as many OR time kias
they want which does not help the OR planner toexehthe
desired balance in the schedule.

The financial measures of OR such as cost, prafigb
and contribution margin are considered mainly wbapacity
expansion decisions are to be made [9,13]. Lovejai. [13]
built a model to determine how the hospital canagxpits
capacity by investigating three performance citemait to
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get on schedule, schedule procedure start-timabitity, and

hospital profits. Dexter et al. [9] considered thrblem of

allocation of OR time where the strategic decish@u been
made to increase the number of ORs with a contdbut
margin being used as the criteria to allocate djpgyaroom

time.

It is worth noting that the most important elemédat
consideration is not profitability but rather thentribution
margin, which reflect both the labor and supply tsos
Contribution margin is a more equitable and baldnoember
that can be contributed directly to surgeon, sesvior
procedure consumption. Resnick et al. [17] pointedt
surgeons contribute significantly to hospital margiith
certain specialties being more profitable than h&ayer
mix, the penetration of managed care, and negdtizdatracts
as well as a number of other factors all have gpachon an
individual hospital's margin. Hospital managers alwttors
have been trying to understand each individualofathat
comprises the total cost of providing health carel are
willing to learn new and innovative techniques thaduld
enhance the productivity and reduce the cost ofttheare
delivery [11].

This paper is concerned with making strategic dess
regarding the planning of the ORs. The decisionslire
capacity decisions and OR time allocation decisiofise
developed model is solved for both weekly and dedget
OR times for each specialty; and for each castgréift levels
of overtime cost were considered.

The organization of the paper is as follows. Irtisec2, the
methodology and solution approach are introducedekction
3, the data used in testing the model are descabddesults
are presented along with discussion on our findifgsally,
conclusions are given in section 4, together withgestions
for future work.

Il. MYTHOLOGY AND SOLUTION APPROACH

Integer programming model was developed in thiskwor
combine OR capacity decisions with OR time allawati
decisions. Capacity decisions involve determininge t
combination of how many ORs should be open and imowh
overtime, if any; those ORs will be open for to mée OR
demand. The capacity decisions are based on thaéccopen

the ORs in addition to OR overutilization cost and st

underutilization cost. The contribution margin whicesults
from opening the ORs and assigning them to theemdifft
specialties is also taken into consideration wheaking
capacity decisions.

OR time allocation decisions involved determininge t
amount of OR time that must be allocated to thdersht
specialties to minimize the underutilization coshda
overutilization costs in addition to improving thentribution
margins from assigning operating room time. Thecation
decisions attempts to meet a target value for theuat of
operating room time to allocate to each specidhg, target
values are estimated using the historical usagepefating
room time for each specialty and the overtime andettime
costs; the target values are calculated using tlygested
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approach by Strum et al. [18] and Strum et al. .[T%je time
horizon can be every six months or annually dependin
variability in demand for the OR time.

Specialties weekly usage of OR time will be used to
estimate the target values for OR time requirenientach
specialty.

Mathematical model
Model parameters
Subscripts

S specialty; takes on values from 1go
i operating room; takes the values from hito
d day of the week; takes the values from 1 to 5ctwhi

represents Monday to Friday

Decision Variables

X amount of operating room time to allocate to
specialtys

Yisa room opening decision. 1 if operating roéran dayd
is open and assigned to is open for specklnd O if
closed

Zisq amount of overtime in operating roofmon day d

open for specialty

Deviation variables

ts_'t; negative and positive deviation between the target
weekly operating room time for specially and
amount of time allocated to that specialty
UT, amount of undertime from allocating OR time to
specialtys
Coefficients
CM, contribution margin from assigning 1 hour of
operating room time to specialsy
TCM, target contribution margin per hour from assigning
time of operating rooms that can perform cases for
specialtys to specialtys
CSR cost of opening an operating room for specialty
ce cost of working overtime in an operating room
assigned to specialtsyy
c¥ cost of working undertime in an operating room

assigned to specialtsyy
maximum allowed positive deviation percentage
from target weekly operating room time for

specialtys

5~ maximum allowed negative deviation percentage

from target weekly operating room time for
specialtys

Right hand side values

OT; amount of overtime operating roantan be open for

on dayd
TT, target weekly operating room time for specialty
R; takes value of 1 if cases for specialty typecan be

performed in operating room. Each operating room
can service different specialties but can be opd#n o
for one
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The model
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The objective function has five terms and measwues
overall performance of cost. The terms in the dbjec

function are:

1)
)
®3)

4)

()

(6)
(7
8

9)

» Cost of opening ORs: the first term in the objestiv
function reflects the cost of opening an OR that ca

perform specialty cases to specialtsy.
e Cost of working overtime: the second term in the
objective function is the cost of an OR opened to

specialtys working overtime.

e Undertime and overtime cost penalty: the third item
in the objective function is a penalty cost on the
deviation from the target weekly OR time for

specialty s. For negative deviation there will be
overtime cost penalties and for positive deviation
there will be undertime cost penalties. The reason
penalties are assigned is because the assigning the
exact amount of target weekly OR time for specialty

s will result in  minimum overutilization and
underutilization costs because the target timeevalu
was calculated based on it.

e Undertime cost from opening an OR for a specialty
and the specialty will use only part of the timehat
room.

» Contribution margin loss from assigning OR time:
the last item is a penalty which represents the los
from assigning the OR time to specialties thatdyiel
contribution margin less than targeted contribution
margin.

Constraint (1) will try to match the amount of Ofne
allocated for each specialty with the amount taddbr that
specialty. Constraint (2) and (3) will give the ORanager
control over how much deviation is allowed from ttaeget
OR time for each specialty. Constraint (4) will eresthat the

amount of open ORs time where cases for speci@loan be
performed is enough for the allocated OR time tat th

specialty’. Constraint (5) is to calculate the amount of
undertime in cases where the amount of open OR fima
specialty is more than the allocated OR time fat #pecialty.
Constraint (6) is unique assignment constraint &xensure
that each OR on each day if it is open then it élopen only
for one specialty. Constraint (7) is concerned vétisuring

that an OR will be open for speciaffyonly if it can perform
cases for that specialty. Constraint (8) will litfie amount of
overtime each OR will be open for to what is alldwe
Constraint (9) is to make sure that an OR will maive

overtime hours for specialty unless that OR is open and
open for that specific specialty

Ill. DATA, RESULTS AND DISCUSSION

A.Data

The data used in this paper is based on informatesived
from interviews with two local hospitals in Arizo#hiSA,
operating suite settings from Marcon et al. [154 ansample
solution from Amblitel [1]. Data used to test thedel are
considered reasonable estimates for a small to izreidis
hospital’s surgical suite.
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We assume there are three service types (S1, 82San
which represent Orthopedics, Ophthalmology, and eGsn
surgery and the surgical suite has ten ORs [15hE2R can
serve one or more certain types of specialtieschntonly be
assigned to one specialty. For each OR thereiimiadn the
maximum amount of overtime that an OR can be useglagh

up. In cases where overtime cost is high, we adwasstudy
the feasibility of adding more rooms to the capacit

TABLE |
MODEL RESULTS USING WEEK TARGET VALUES OF OPERATINGROOM TIME
FOR SPECIALTY. 500RS AND 110HOURS OF OVERTIME ARE AVAILABLE EACH

day. There is a fixed opening cost for each rooat tkepends
on the specialty it is going to be open for as wasl an

overtime and undertime costs that are related db @R and

specialty. For each specialty there is a targetumof OR
time that must be assigned to that specialty toimae the

underutilization and overutilization costs. Thegtr amount

of OR time is determined using the approach sugdeby

Strum et al. [18] and Strum et al. [19] where thmét value

should be the value that gives the minimum overatiion
and underutilization costs. They have developed adan

WEEK
uy 1 Target | Allocated OR # of # o_f ObJec_tlve
145 - ) open overtime function
co OR time time
ORs hours open value
50th 392 392 43 48 $90000
56th 400 400 49 8 $92390
60th 405 405 49 13 $95300
67th 416 416 50 16 $100650,
75th 428 428 50 28 $113800,
TABLE Il

where the minimum cost solution can be determingd bMoDEL RESULTS USING DAILY TARGET VALUES OF OPERATINGROOM TIME

knowing the usage probability distribution and tigka hour

FOR SPECIALT 50 ORS AND 110HOURS OF OVERTIME ARE AVAILABLE EACH

cost of under and overutilization. WEE s oo
; ; : ; 7! Target | Allocated OR 0 o Jective
From the historical data for each specialty we datermine (1 +C_S) OR time time open | overtime function
the probability distribution of OR demand (weeklsage an ORs | hoursopen| value
daily usage). We have assumed normal distribution| f 50t 392 873 42 56 $87700
specialties usage of OR time. After determining [the s56th 409 391 44 38 $96921
probability d|str|but|on1, we have determined thegt value 0t 420 . 27 =0 $104780
cH\ "~ . .
as 100 (1 + C—So) percentile of the probability 67 441 427 50 32 $118600
S
distribution. For example, if the overtime costtigice the 7sth 467 449 >0 ® $145950

undertime cost then the target value will be 67#&lcentile of

that specialty usage probability distribution fuant For the
daily target OR time we used the probability diaition for

each specialty for each day and for the weeklyeta®@R time

we have added the daily distribution for each sgigcover all

the week days and calculated the target value.nidael also
will give the decision maker an option to determiwhat

negative and positive deviations from the targdétizaf OR

times for each specialty are acceptable. The ORnplasets a
target value for the contribution margin and focteapecialty
there will be contribution margin that was deteretinas an
average of contributions margins from all surgeamso

perform cases for each specialty. Target contidouthargins
are determined from historical data and any in@eas
variable costs. Surgeons’ contribution margins war&ined
from sample solution from Amblitel [1]

B. Results and discussion

After generating the data for the weekly and dtilget OR
time for each specialty, we ran the model usindediht
values for the OR overtime costs. Table 1 and Tabdow
the results for the weekly and daily runs conseelyi with
Figure 1 showing a sample result for the Masterg&uyr
Schedule (MSS) for the case when overtime costledua of
regular time.

From Table | and Table Il we can see that the highe
cost of overtime, the target values for operatimget will
subsequently be higher. This means more ORs wilbfen
and more ORs will be open for overtime which dritles cost
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There is a significant difference between the daihd
weekly target values for OR time which highlightset
importance of having better estimates for the arhafirOR
time. The less variation we have in the daily eati&nof the
probability distribution of OR usage the less diffece we
will have between the daily and weekly target. Tiféerence
will also highlight negotiating with the departmetat have
their OR time allocated to them based on their \lyeakage
rather than daily usage and to adjust their allonatof OR
time to their surgical groups accordingly. If thé& @lanner
decides to use weekly target values for OR time tihewill
result in lower overall cost and lower overtime fsu

IV. CONCLUSION

In this paper we developed a model to combinesiats
of allocating OR time to the different specialtiegth
decisions on deciding on the combination of opers @Rd
overtime to satisfy those allocations. Our decisiane based
on OR cost, overutilization cost, underutilizationst, and
contribution margins from allocating OR time. Thede! will
give the OR decision maker a tool to plan the ciypand
activities of the surgical suite. Results from itegtthe model
highlighted the importance of having a better eatamof
specialties usage of OR time and its impact onctbst and
capacity decisions of the surgical suite. The modksio
highlighted the tradeoff between the overtime est adding
more capacity to the surgical suite by opening nnooens.
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Fig. 1 sample Result Master Surgery Schedule (M&S)vertime
Cost Equal 1.5 Regular Time
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