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ABSTRACT 

A conputer simulation model of a hospital qperatirq 
roan and a freestanding center with planned expan- 
sion was used to assist planners in analysis of a 
joint venture sumng surgeons, the hospital and the 
center. Methods used for projectirq ambulatory 
surgery demand are described. A qeneral overview 
of the model, the mods1 inputs, outputs and use in 
decisionmakinq is discussed. 

INTRODUcrIoN 

Ambulatory surqery has increased by over 75 percent 
in the past five years in the United States. Wnile 
adulatory surqery in recent years accounted for 18 
percent of all surgery, sane authors are predictinq 
this to increase to 40 percent by 1990, ard as high 
as 50-60 percent thereafter.(l) Several reasons for 
this growth have been cited: custarer and physician 
preferences, third-party reimbursement incentives, 
advances in pharmaceuticals , and new, more advanced 
laser and erdosccpic technolcqy.(2) 

Concurrent with this growth, hospitals are facing 
increased canpetition for their anbulatory surgery 
patients fran freestanding surgicenters. In 1983, 
there were 240 freestardirq outpatient surgery 
centers in operation in the United States. This 
is projected to grow to mer 500 by 1988.c3) Many 
of these surgicenters are owned and operated by 
fop-profit chains which are qrowim by establishirq 
new centers tbrouqh physician partnerships and hos- 
pital joint ventures. 

In December, 1984, a 175-bed general acute care 
hospital in central Washington was confronted with 
the potential less of 80 percent of its ar$ulatory 
surgery volume to a canpeting freestandiw center. 
Ambulatory swery at the i-ospital was parformed 
within the general operatiw roans and shared the 
recmery ram space with iwatient surgery. lhe 
hospital was in the process of building 10 pre- 
ard post-operative ambulatory surgery beds, and 
opening two additional general operatiw rouns. 
'Ihe freestandirg center had plans to expand fron 
2 to 4 ambulatory surqery operating roans. Major 
questions faced by the planners were: (1) How 
many outpatient surgeries would be performed in 
the ccmmunity: (2) Could these be acccmmodated by 
the hospital: and, (31 What advantages would be 
offered by the freestardirg center? 

This paper describes the use of a canputer simula- 
tion model in planning for du1ator-y surgery in 
this cannunity. The method used to project de- 
mand for ambulatory surgery is described. 'Ihe 
paper presents a general overview of the model of 
the hospital facility ard the freestardiq facil- 
ity, the model results, and the use in decision- 
making. 

BACKGROUND 

In Decanber, 1984, a 175-bed general acute care 
hospital in Washington was faced with the poten- 
tial less of a large portion of their anbulatory 
surqery vc&m-e to a freestandinq surqery center. 
This center evolved when a nearby specialty hos- 
pital announced closure of its inpatient beds and 
conversion and expansion of its two cperativ 
roan suite into a dedicated ambulatory surqery 
center. 

The success of the freestandirq ambulatory surqery 
center depended on assumptions of growth of out- 
patient surgery and on cooperation of surgeons 
from the cannunity's larqe multi-specialty clinic. 
The multi-specialty clinic had teen usirq the l-os- 
pita1 for both inpatient and ambulatory surgery. 

The surqeons at the multi-specialty clinic were 
dissatisfied with the existing ambulatory sur- 
gery prqran at the hospital. They foresaw tre- 
msndous growth in ambulatory surgery and were 
concerned about the lack of a dedicated schedule 
or roan(s) for ambulatory surgery, the lack of 
pre- and post-op holding areas, and the lack of 
ccmpetitive packaqed pricirq. At the same time, 
many surgeons preferred to keep much of their cut- 
patient surgery at the hospital for convenience 
and patient safety. 

The three parties involved, the hospital, the sur- 
(peons fran the clinic, and the freestanding center 
decided to consider a joint venture in ambulatory 
surqery. A study was initiated to address several 
quest ions : 

o Given the existir+l and proposed cperatirg 
roams at the hospital, was there adequate 
capacity to accarurodate both inpatient and 
ambulatory future surgery demand? 
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A procedure time was determined for that case 
dependent on the subspecialty and the distribu- 
tion of procedure times observed in the hospital 
data base. The case was then placed into the 
next available operatim roun without delay. 

Approximately 5,000 cases per year were randcm- 
ly generated to arrive as elective inpatient or 
ambulatory patients. About 36 percent of these 
(or 29.2 percent of the total) are expected to 
be ambulatory patients. With both of these 
patient qroups, a subspcialty block was as- 
signed to represent the appropriate mix of sub- 
spcialties. With this information, a proce- 
dure time was sampled frcm a distribution 
derived frcm the historical data. 

'Ihe elective cases were placed on the elective 
schedule, tiich was a modified block schedule. 
'Ihis is where surgeons and patients might en- 
counter a delay (called bcokirq delay) to get on 
the schedule. The modelinfl lcqic for represent- 
irq a blocked system is described elsewhere.(4) 

The de1 schedules elective cases to arrive in 
the operatim rocm accordirg to the block sched- 
ule. Both the current block schedule and pro- 
posed imprwed schedules were tested to account 
for any possible scheduling inefficiencies. 

Fiqure 1 sh3wa five opzratim rcxzms. Thismodel 
input was varied to examine the effect of 5, 6, 
or 7 operatirq rocms at the bspital. The model 
also dedicated 0, 1, or 2 of the rocms for ambu- 
latory surgery. Note that tiulatory patients 
are routed through a special ram of ambulatory 
beds before ard after their -ration. 

'Ihe model kept track of delays to get on the 
block schedule, the an&ulatory bed utilization, 
the number of opratim rouns in use, and the 
overtime incurred on any given day. 

Figure 2 shows a similar representation of the 
freestardim center. There were fewer cases at 
the center, and they were divided into specific 
prccedures as well as subspecialties. In addi- 
tion, this center was capable of receivinq sane 
of the ambulatory ptients frcm the bspital. 
'Ihe n&r of cases that shifted fran the hos- 
pital to the center was an immrtant variable 
in the scenarics analyzed and, subsequently, 
greatly affected utilization ard delays of both 
facilities. As in the hospital model, the number 
of operatirq rcuns was varied, in this case fran 
2 to 4. Similar statistics were observed. 

Both models were pr ranmted in the SLAM network 
simulation lanquagez) and were run for an ini- 
tial start up pried, and then a sample lmonth 
observation period for each scenario. 

The follcwiq sections discuss the data that was 
used to develq, the rode1 inputs, the method for 
projecting ambulatory surgery demand, and the 
results of the model runs. 

WTA COUECTION 

Data on surgical cases parfonned wer the pre- 
ceding three years came fran a variety of 
souroas. The follmirq sources were helpful: 

Hospital's ccanputerized operating rocm 
data base. 
A 2 l/2-year sample of surgical cases, in- 
cluding detailed procedure information: CPT 
code, code description, surgeon nane, spe- 
cialty, date, time in to operating, time out 
of operatirg mm, schedulilq category, ad- 
mitting category, and type of anesthesia. 

Hospital's l-week concurrent study. 
A l-week concurrent study which documented 
averwe case set-up at-d cleanup time (turn- 
around time) and reasons for delays. 

Freestanding surqery center's computerized 
operating zoom procedure list. 
A 3-year list of surgical cases performed 
at the freestanding center (former hospital) 
including CPT code, code description ati 
total number of procedures prformed per 
year. 

Historical and projected utilization. 
Historical population and forecasts devel- 
oped by the State of Washington, Office of 
Financial Management. 

Interviews. 
Sumeons renresentatives of each srecialtv at 
the"hcspitai and freestanding surc&y center 
were interviewed. The surgeors were skmm 
yearly procedure use rate trends for the 
sample period an3 asked to canment on local 
or national factors which might influence 
those trends in the future. For each proos- 
dure they were also shown trends in shifts 
fran inpatient ard ambulatory surgery ard 
asked for their projections on the percen- 
tqe which will be performed on an &ula- 
tory basis in the future. 

PF0JECTING THE DEMAND FOR ~~IJtKl-ORY SURGERY 

To project the num&r and type of ambulatory prc- 
cedures expected to be performed, the follwiw 
steps were taken: 

1. A list of potential ambulatory surqery proce- 
dures was obtained by examining Medicare 
approved lists, Blue Cross of Washiqton 
approved lists, and other Washirzgton-based 
ambulatory surgery centers' procedure lists. 

2. Physicians were interviewed fran each surqical 
specialty to: 

Verify the list of ptential mnbulatory 
surgery procedures and identify a mini- 
mm and maximum rarqe of procedures they 
felt they would perform on an ambulatory 
basis. 

Identify local trerds in physician prac- 
tice which would influence ambulatory 
surgery trenjs. 

3. For each procedure on the list of potential 
procedures, the actual number of cases per- 
formed in the c-unity in the past three 
years was obtained by examining the hospital 
an3 freestardirq clinic records. 
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o If there was adeauate capacity at the t~s- Multiple scenarios were examined to evaluate im- 
pital, how might the schedule be structured proved scheduling methods and the effect of in- 
to accommodate both inpatient and ambulatory creasing the ntier of operating rcans at either 
surgery demand? the hospital or the center. 

o What would ba the utilization of both the 
hospital and the center, given projected 
demand ati proposed expansion of each 
facility? 

astern Description and Model Overview 

o How lorq would it take to get on the sched- 
ule at either facility under different 
assumptions of demand ard construction? 

To help answer these questions, a canputer simula- 
tion model of ttle l-ospital facility and the free- 
standing center was developed. Projections of 
demand for anbulatory surgery were develcged and 
input to the aodel. Outputs included facility 
utilization anal delays to access the schedule. 

The system modeled is described with reference 
to Figures 1 and 2. Figure 1 represents the re 
Quests for surgery at the hospital and flow of 
patients through that facility. There are ap- 
proximately 850 cases per year that are emergent. 
These were generated to arrive in a rardcm fash- 
ion. 'Ihe term "assiqn block" means the model 
desiqnated the arriviw patient as belowiw to 
one of the subspecialty blocks according to the 
percentage of emergent cases for each slzecialty 
(data abstracted frcm the hospital data base). 

OR 

Statlstical Observations -~ 
I. Booking dr!layr 
P. hbulatOr./ bed utilization 
3. Oil utilization 
4. Overtime 

Statistical Statistical Obswvatlons Obswvatlons 

I. Tlme to get on rcllcd"le I. Tlme to get on rcllcd"le 
2. use of OR5 2. use of OR5 
3. longest stay In clinic 3. longest stay In clinic 
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In this way, it was determined which procedures 
and how many of each could be expected to be 
performed as an outpatient. 

of note, there ware less than 10 high volume pro- 
cedures which were similar in kind to those of 
other hospitals. These include arthroscopies, 
dilatation and curettarje, hemiorrhaphies, ton- 
sillectcmies, laparoscopies, myringotanies, cysto- 
sccpies, carpal tunnel repairs anrl cataract 
repairs. 

The next task was to determine bw the rnmber of 
each procedure would qrow over the next five 
years. To do this, population trends and surgi- 
cal use rates were employed. Use rates for a 
qiven procedure are defined as the nun-her of 
times that a procedure is performed for every 
1,000 population in a given ccmmunity. Use 
rates were determined by examining the surgical 
data in relation to the population of the can- 
munity. Most surgeons interviews felt that the 
errl year (1984) use rate would be appropriate 
for the projection of future demand. The his- 
torical increase in surgical use in the can- 

munity was anticipated to stablize due to the 
expected decline in inpatient use resultin 
fran prospective payment. 

Population trends were obtained fran available 
census data. By multiplying population projec- 
tions and surgical use rates for each ambulatory 
procedure, estimates of future caseload were 
obtained. All major specialties were expected 
to experience a growth in ambulatory surgery, as 
shown in Fiqure 3. Total procedures (inpatient 
plus outpatient) was estimated to remain fairly 
constant. Hence, this growth actually repre- 
sented a shift from inpatient to outpatient 
-w--y. 

In this manner, projections of tiulatiry surgery 
were obtained that included the requirements of 
major health care payore (Medicare, Blue Cross, 
etc.), the practice patterns of the c-unity's . . physlclars, and the grcwth of the ccmmunity's 
population. 

IQDEL INPUTS 

This section &scribes the inputs to the previous- 
ly described model in further detail. These in- 

puts included: 

Projected nunber of total surgical cases. 
Inpatient/&ulatoiy surgery mix. 
Specialty case mix. 
Procedure times by specialty. 
Nunber of pre/post-op ambulatory surgery 
beds at the hospital. 
Nmber of general operatiq rouns at the 
hospital. 
Number of operatiq rooms at the free 
standinq center. 
Scheduliq practices at the hospital and 
the clinic. 

Projected Number of Surgical Patients 

The total number of surgical cases projected for 
hospital was roughly 6,000 total cases. Fran the 
ambulatory projections described above, 1,800 
cases (30 percent) were anticipated to be ambula- 
tory surgery cases. The freestanding center was 

projected to have approximately 1,200 ambulatory 
surgery cases by 1990. 

Specialty Case Hix 

While all specialties were expected to experience 
growth, the largest hospital increase was pro- 
jected for orthopedic surgery ard otolaryrqolcqy. 

A detailed analysis of the case mix for the free- 
stardin;l surgery center revealed that four major 
categories of procedures accounted for 85 percent 
of all a&ulatory surqeries: lens insertion, 
tympancetcmy, respiratory, other eye procedures. 

Procedure Time by Specialty 

Procedure times by specialty for inpatient and 
ambulatory surqical cases were included in the 

hospital operatim rooa data base. These data 

GROWTH OF AMBUL.ATORY SUHGEHY 

“RTHO 

GYN 
ENT 

% .- 1 OTHER 

1964 
707 PROCEOURES ENi 

PROJECTED FOR 1990 
1757 PROCEDURES 
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were summarized in histograms an3 statistical 
distribution were used to describe procedure 
times. 

PUmber of Fre- and Post-@ Ambulatory 
&qery _ Beds 

As more of the inpatient cases shift to anbula- 
tory surgery, the average procedure length times 
for arbulatiry surgery are expected to increase. 
Additionally, many of the microscopic surgeries 
performed in ortbpdics are taking longer to 
perform, but can be safely performed in an am- 
bulatory setting. For this reason, the 1984 
procedure length times had to be modified. In 
general, the average case lerqth times for anbu- 
latory surgery increased. Ihe average inpatient 
case times also increase slightly. It is anti- 
cipated that after a shift to ambulatory surgery, 
the irpatient cases remainitq are the longer, 
aore canplicated cases. Both of these increases 
were calculated fran the percentage of cases 
shifting from inpatient to outpatient cases, 
and frcm current average procedure time. 

The hospital had begun construction on a lo-bed 
pre- and poet-op ambulatory surgery holding area. 
The number of beds in this area was used as an 
input to the model to evaluate the adequacy of 
this capacity for the anticipated grlrowth. 

serating Rccm and Danand Shift Canbinations 

Representatives frcm the hospital, the free- 
standing center, and the multi-specialty clinic 
were asked to participate in the selection of 
scenarios to be evaluated by the simulation 
n-odel. 'Ihe purpose of this mode1ir-g was to 
evaluate the capacity of the existing two oper- 
ating rouns at the freestardilq center, and the 
effect of shifting patients away fran the 
hospital. 

A total of 11 roan and demand shift scenarios 
Average Turnaround Time were used as inputs to the simulation model. 

All scenarios assume 1990 demand for suraical 
The l-week concurrent study parformed by the 
hospital found the average inpatient turnaround 
time to be 20 minutes at-d the averaqe ambulatory 
surgery turnaround time to be 15 minutes. 

Inpatient/Ambulatory Surqery Mix 

Based on the results of surgeon interviews, the 
peroantqe of cases pzrfonned on an hulatory 
basis at the hospital was projected to increase 
frcm 14.2 percent in 1984 to 29.8 percent in 
1986, and remain constant through 1990. For the 
two facilities conbined, this percentage was pro- 
jected to increase fran 28.1 percent in 1984 to 
41.1 percent in 1986, and to remain constant 
until 1990. 

procedures, sane canbination of roans, and 
50-80 percent of the Wulatory surgery cases 
shifting to the freestanding center (Table 1). 

Scenarios A throuqh G have the same areawide 
capacity of nine general operating rocms, with 
each scenario varying the nunber at each facil- 
ity, and the amount of ambulatory surgery shifted 
to the specialty clinic. The remainiT scenarios 
add fran 1-2 mans of additional capacity to the 
entire system. 

HCSPITNA 
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RESULTS 

The model outputs for each of the 11 scenarios 
evaluated include: 

SUMMARY AND CONCLUSIONS 

Operatiq rocm utilization. 
Ambulatory surgery bed utilization. 
Bookiq delays -- the delays encountered 
when the surgeon attempts to schedule a 
case. 
The nwber of cases l~rfonned per shift. 
Overtime -- the number of opsratirq roans 
kept open at the erd of the day to acccm- 
modate surgical demand. 
memaximum ntier of beds inuse at onetime. 
The average late stay ambulatory surgery 
patients. 

Table 1 summarizes these outputs for 11 scenar- 
ios. 'Ihe first row of the table describes each 
scenario. The major characteristics for each 
scenario are the percentage of ambulatory surgery 
patients that go to the freestandirq center, the 
number of inpatient an3 outpatient operating 
roons maintained at the hospital, and the number 
of operatiq roans maintained at the freestanding 
center. 

The first scenario, labeled A, is the baseline 
condition with 5 inpatient, 2 outpatient roars 
in the lpspital ard 2 rooms at the oanter. 
Scenario B represents 50 percent of the hospital's 
ambulatory surgery bait-g diverted to the center 
with these number of operatirq roans. Scenario C 
represents an 80 percent shift under the same 
conditions. The remaining scenarios analyze the 
same type of shift, but with different nmbers of 
operating rocms maintained at either facility. 

The cutputs described above (i.e., utilization, 
overtime, txokirq delays, etc.), are given in the 
table for each scenario. For example, note that 
the inpatient utilization at the hospital remains 
at 56 percent in scenarios A, B at-d C. The shift 
of ambulatory surgery causes a fall-off in the 
use of outpatient rcons fron 87 percent to 30 per- 
cent. The utilization at the center increases 
fron 32 percent to 84 percent. 

The bookirg delays of all the scenarios are ac- 
ceptale, givirg the surgeons reasonably good 
access to either facility. 

The tdsle aided the lPspital ard freestardirg 
center planners in estimating the operational 
aspects of each of these scenarios. A.5 lorg as 
proper scheduling was used, and as long as a 
total of seven rocrns was available at the hospital 
if all the ambulatory surgery stayed there, then 
good service to the physicians an3 adeouate 
facility utilization could be maintained. More 
than two rcxms at the center did not seem neces- 
sary unless more than 80 percent of the surgery 
was transferred fro-n the hospital. 

The planners fran the three different groups can- 
bined this operational information with other 
financial data ard elected not to pursue a 3-way 
joint venture. As of this writirq, the surgeons 
from the multi-specialty clinic decided to stay 
at the hospital as lorg as the increased ntier 
of oparatiw roam? and improved scheduling were 
utilized. The freestandiq center cpted not to 
expand beyond its two rocms and continues in 
oparation with its original sutspscialty surgeons. 

This paper described the use of a canputer simu- 
lation model in the planning of ambulatory sur- 
gery. Methods used to predict the demand for 
ambulatory surgery were described, A mcdel of a 
hospital facility and a freestanding center with 
proposed expansion was presented. The model in- 
puts, outputs, and its use in decisiomakirq in 
a joint venture were discussed. The use ofcan- 
outer simulation represents an approach worthy of 
consideration by others when evaluating the oper- 
ational aspects of a proposed ambulatory surgery 
facility, either in a hoepital or freestanding 
facility. 
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