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Abstract

The plans for Resource Coordination for Surgical Services system (RCSS)

incorporate a distributed objectbase with a coordinating server. User-centered information screens
are customized for each geographic location in surgical services. User interfaces are designed to
mimic paper lists and worksheets used by health care providers. Patient-specific and site-specific
data will be entered and maintained by providers at each geographic location, but also
rebroadcast and displayed for all providers. Although RCSS is primarily a communications
system, it will also support review of surgical utilization and operative scheduling.

® ] Am Med Inform Assoc. 1997;4:125-135.

Today, medical centers are subject to severe financial,
social, academic, political, and organizational pres-
sures resulting from increased demands on services
and limitations in health care resources. Analysis per-
formed on health care figures in 1981" estimated that
charges for surgical patients in acute care hospitals
account for almost 25% of the United States health
care budget. Conservatively extrapolating to more
current data,” we estimate that surgical services ex-
penditures in the United States will soon reach $170
billion. Surgical services in a typical medical center
comprise the following units: same day (outpatient)
surgery unit; inpatient wards; preoperative patient
holding areas; operating suites; anesthesia, surgery,
and nursing personnel; postoperative care unit; sur-
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gical intensive care unit; laboratories; radiology, pa-
thology, respiratory care; and support services. Inef-
ficiencies in coordinating and delivering surgical
services could be extremely costly to individual hos-
pitals and to the nation. Likewise, the potential sav-
ings for hospitals that can operate more efficiently are
€normous.

Research indicates that of the three major clinical com-
ponents comprising the health care system (surgical,
medical, and mental health), surgical services is the
one most amenable to cost control by a systematic
process of utilization review.” The Resource Coordi-
nation System for Surgical Services (RCSS) optimizes
communications and provides a rational, data-driven
method for resource coordination and management in
surgical services. We believe that throughput tracking
methodologies and new, distributed communications
systems can improve resource coordination, which is
a rate-limiting step in the overall process of surgical
patient care.

Many medical centers operate surgical services (ex-
cluding emergency patient care) at an estimated 50—
60% utilization rate. The classic definition of operating
suite (OR) utilization, encountered in the literature is
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Figure 1 A schematic plan of the traffic flow and spe-
cific geographic locations that patients traverse while re-
ceiving surgical services. Each site is a node on a local
area network and owns and edits patient-specific data
while the patient is located at that location. Although
some patients may follow erratic paths through the sur-
gical facility, most fall into the patterns illustrated.

.

the ratio of the total OR time used to the total OR
time allocated or budgeted.*” On the other hand, man-
agers generally recognize that operating rooms could
be at least 80% utilized in the care of elective surgical
patients. They also agree that the additional 15-20%
gain in operating room utilization will require a real-
time communications and resource coordination sys-
tem.

A review of the medical and industrial management
literature, which emphasizes the need for operational
effectiveness in surgical services, shows that existing
systems do not offer satisfactory solutions.’™

Statement of Problem: Patterns of Care on
Surgical Systems

To allocate a specific starting time and duration for
surgery, a surgeon’s office typically contacts the ad-
mitting office and requests a reservation within an al-
lotted time block. Requests are recorded in the ad-
mitting office, and together with information on
surgical teams and operating room availability, are
used to generate a prospective surgical schedule. The
preliminary schedule is published and subsequently

modified by the nursing and anesthesia departments.
Patients are informed of their scheduled date of
admission, and pre-operative consultation and labo-
ratory studies are arranged. When the patient is ad-
mitted, patient-specific information stored in the ad-
mitting office is transferred on paper to the same day
surgery suite where it is combined with new infor-
mation generated at that location. Without a computer
based communication system, patient-specific infor-
mation needs to be recorded anew at subsequent ge-
ographic locations.

The major geographic locations through which pa-
tients traverse while receiving surgical services are il-
lustrated with respect to a typical medical center in
Figure 1.* Efficient throughput depends on efficient
movement from location to location. Most patients ar-
rive early on the day of surgery, accompanied by their
families. A nursing history is obtained, the laboratory
data are checked, and the patient is dressed for the
operating theater. When ready, patients are sent to a
holding area near the operating theaters where they
are interviewed by an anesthesiologist, and the con-
sent for surgery is obtained by a member of the sur-
gical team. Inpatients move directly to the holding
area from the inpatient wards. In the holding area,
patients often request to speak with their family or
surgeons before entering surgery. Intravenous infu-
sions are initiated, shave preps are performed, and,
occasionally, casts are removed. If indicated, regional
anesthesia is initiated in the holding area using special
equipment and monitoring.

When anesthesia, nursing, and surgery are ready, the
patient is transported to the scheduled operating the-
ater and is moved to the operating table, monitored,
anesthetized, and undergoes surgery. After surgery,
the patient is transported to the post-anesthesia care
unit, where he/she recovers before being moved to a
ward bed or being returned to the same day surgery
unit. Patients who are moved to a ward stay until
their recovery can be managed at home. Patients who
return to same day surgery are reunited with their
families, ambulated, instructed on follow-up care, and
discharged home.

A small number of patients are sufficiently ill to re-
quire admission to an intensive care unit following
surgery. The surgery and anesthesia teams make such
admission decisions together, and are responsible for
arranging reservations and admissions. The intensive
care units are remote from the operating suite and

*All names of patients and medical staff in the figures are fic-
titious. Any reference to an actual person is unintentional.
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communications are typically by phone. Anesthesia
must notify the intensive care unit and arrange for
beds, equipment, and personnel prior to the move. In
some instances, the patient is taken to the post-anes-
thesia care unit and later moved to the intensive care
unit.

Several problems may prevent the smooth progres-
sion of patients through the surgical services suites.
These include, but are not limited to, late arrivals of
patients or medical records, delays in support ser-
vices, acute onset of abnormal medical conditions (in-
fections, chest pain, etc.) requiring delay or cancella-
tion, inaccurate or inappropriate reservations, lack of
a mechanism to enable dynamic scheduling, and de-
lays which result in lost professional time. These and
other problems lead to peaks and troughs in the de-
mand for services, adding to inefficiency and dissat-
isfaction among patients, their families, and health
care providers.

Previous Surgical Resource
Management Systems

Surgical services are expensive, and the need to op-
erate efficiently and effectively is recognized inter-
nationally."*'°~** Two early systems are exemplary: the
OTIS system" developed at the Aberdeen Royal Infir-
mary, and the Johns Hopkins operating room man-
agement system.' The OTIS system allows operating
room staff to enter surgical schedules and procedure
durations using microcomputers and to review the
durations of various procedures to predict future op-
erating room utilization. Its goal was to direct the
schedule of surgery so that each surgical session
would regularly finish on time, saving costly personnel
time. Operating room utilization was reviewed using
bar graph displays. Utilization review was keyed to
specific surgeons, a design feature requested by the
surgeons.

The Johns Hopkins operating room management sys-
tem supports block scheduling, utilization review
analysis, and centralized decision making. It is written
in the Massachusetts General Hospital Utility Multi-
Programming System (MUMPS) language and runs
on a mainframe computer. It is a valuable and effec-
tive tool for predictive scheduling, utilization review,
and resource planning (see McColligan et al."* for a
system description, and Gordon et al.”” for the sys-
tem’s utilization review data collection and interpre-
tation function). However, its architecture and imple-
mentation platform are not designed for distributed,
real-time replanning and communication of adjustments.
The system does not appear to perform real-time, re-
active adjustment to schedule disruptions, or to con-
sider hospital facilities outside the operating room.

To support predictive and reactive scheduling, it is
necessary to gather utilization data to establish trends
in surgical services demand. Hancock et al.'* proposed
an algorithm for extracting statistically distinct sub-
sets from a surgical database in order to accurately
estimate the variance of surgical procedure times. This
group argued that both the means and variances of
procedure times are necessary to determine realistic
starting times for cases to follow in the same operat-
ing room.

More recently, Hancock and Isken evaluated a cus-
tom admissions scheduling system, ASCS, which con-
trols inpatient admissions and coordinates those ad-
missions with surgical scheduling. The result was a
higher hospital occupancy rate without an increase in
staff anxiety levels. Their system considered both op-
erating room scheduling and overall efficiency mea-
sures, rather than just operating room utilization, as
an indicator of system value. It appears that a custom
admissions scheduling system is used in centralized
planning and is based on a hospital simulation model.
The investigators defined a set of elements comprising
a state-of-the-art operating room scheduling system.
Nevertheless, a custom admissions scheduling system
was limited in scope and did not include networking
capabilities. Although Hancock and Isken recognized
the differences, the program that they developed did
not incorporate a distinction between inpatient and
outpatient admissions; in addition, it did not allow for
reactive planning of emergency surgery.

A relevant resource scheduling and management ex-
ample is the airlines” distributed communication sys-
tems for real-time distribution of gate information to
passengers, managers, and support personnel’® at air-
ports. Arrival and departure times, baggage area and
gate assignments, destinations, and anticipated delays
and scheduling changes are broadcast throughout the
air terminal on monitors. Information dissemination
allows passengers, crew, baggage handlers and others
to manage their roles in a decentralized manner. In the
case of surgical services, there is a similar need to dis-
seminate information about patients, surgeons, anes-
thesia, support staff, and equipment to assist those
affected in managing themselves. Gosling'” studied
how airport gate assignments delay passengers, bag-
gage, and cargo; Gosling also studied the impact of
those delays on flight schedules, operational costs,
and passenger satisfaction. He identified factors that
increase the uncertainty of gate scheduling. Gosling
recorded site-specific work process information and
disseminated that information throughout a local area
network to facilitate overall operations. Similar factors
affect efficient scheduling of surgical services.
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Figure 2 The architecture of RCSS consists of five
modules; some are accessible through their own graphic
interface.

System Design

Objectives of RCSS

The goals for RCSS are as follows:

B Collect and make available site-specific information
generated by the work process (e.g., the preopera-
tive checklist from same day services) to other units
of surgical services. As a result, patient manage-
ment decisions can be based on an appreciation of
the overall hospital situation, which should im-
prove the reactive coordination of personnel, space,
and equipment.

B Seek an unobtrusive, reliable, and accurate method
of recording surgical services utilization data for
analysis and subsequent predictive scheduling of
hospital resources, including personnel, space, and
equipment.

B Improve the quality and reliability of data by au-
tomating data collection.

B Empower health care providers by returning locally
generated data to the health care providers who use
it.

B Improve time management and operational effi-
ciency of key health care professionals and admin-
istrators involved in the delivery of surgical ser-
vices.

® Document surgical diagnosis and procedures

perioperatively as an objective basis for total qual-
ity improvement procedures.

® Help explore the impact of improved communica-
tions on the evolution and maintenance of surgical
culture.

System Architecture

The intent of RCSS is to provide intelligent commu-
nication support over a peer-to-peer network linking
the facilities listed in Figure 1. System Status, the Sched-
uling Support System, and the Calendar are integrated
using a graphical interface. Two other modules, the
Report Writer and the Data Archive and Analyzer, may
be accessed directly (Fig. 2).

The RCSS prototype design incorporates an objectbase
distributed across independent workstations, all of
which access a common coordinating server(s). Lo-
cally owned data are stored on both the local hard
disc and on the network server(s). Any workstation
or subset of workstations in the system may be des-
ignated as the server(s) either initially or if an existing
server fails. Lost data can be reconstituted from peer
workstations, or a back-up copy of the objectbase may
be read into the system from a back-up copy of the
server. As such, this design is more robust than con-
figurations based on non-distributed centralized serv-
ers. All data originated at a failed workstation will
still be available to all peers in the network. All read
and edit transactions among other workstations will
be preserved. Only editing privileges for data owned
by the disabled workstation will be temporarily lost
from the system.

The objectbase will contain two categories of data: pa-
tient-specific data (owned temporarily at the site where
the patient is located) and site-specific data (owned at
the site where the data are produced). Electronic own-
ership of patient-specific data will pass throughout
the network as the patient moves from location to lo-
cation. Site-specific data will be entered and main-
tained locally, and remain the property of a particular
site even after the patient has moved on to new lo-
cations. Edit privileges for data will usually follow the
electronic ownership, but, if indicated administra-
tively, can be assigned to specific distant sites or users.
View privileges will be unrestricted throughout the
system, in order to facilitate information dissemina-
tion. Under specific circumstances (for example the
family waiting area) view permissions might be en-
coded, restricted or denied based on passwords and
permissions jointly agreed upon by the users and sys-
tem administrators.

Certain computers in the network will not own data;
they are repeaters, reading data from the distributed
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objectbase and then presenting information to the
user. Those workstations will not be passive; each
must actively configure the data to site and user-spe-
cific criteria governed by the user-interface design. Re-
peaters may be placed in areas where patients are not
housed, such as the surgical and staff lounges, locker
rooms, anesthesia offices, operating rooms, equipment
rooms, central supplies, pharmacy, etc.

System Data Structures

The system is implemented using an object-oriented
approach. Patients, personnel, and resources are in-
stances of a hierarchy of classes. There are four pri-
mary classes in the hierarchy: patients; personnel
(surgeons, anesthesiologists, CRNAs, nurses, and res-
idents); locations (ORs, surgical intensive care unit
beds, post-anesthesia care unit beds); and equipment.

The “patient” class includes slots that record the path
of the patient through surgical services, the scheduled

File Patients

Schedule Locations

Reports

times for significant events along that path, the ex-
pected service time for each stop along the path, the
actual path of the patient through surgical services,
the actual times for significant events along that path,
and the actual service times for each stop along the
actual path. As each patient completes his/her resi-
dence in the system, RCSS will record both the
planned and actual service record, along with patient
demographics (age, address, contacts, insurance infor-
mation, etc.), the procedure performed on the patient,
and the names of the major health care providers who
care for the patient.

The use of objects facilitates future implementation of
a calendar from which the daily schedules will flow,
and makes it possible to have multiple versions of a
day’s schedule while RCSS is doing its processing.
This is useful when performing predictive scheduling.

System Status Module

Information about patients who are in the surgical ser-

0omsg "

OR SCHEDULE

4/25/1994
OR TIME SURGEON PROCEDURE PATIENT AGE  ROOH RHMESTHES IR
1
730 T.Powell Al logenic Bone Marrow Harvest Milter, Andrew 31 5050 GENERAL
2
730 A.Ford Right Thyroid Lobectomy, Possible Total Ayres, Abigail 23 SOS0 GENERAL
Thyroidectomy
930 A.Ford Exploratory Laparotomy, Colectomy Worth, Rebecca 80 51252 GENERAL
Mucous Fistula
1500 OGruende! /Neeson Needie Localization 12:30, Repair of Peddings, Paula 43 SDso GEMERAL
Incisional Hernia, Excision Right
Breast Mass
3
730 V. Schwartz Possible Open Rotator Cuff Repair Smith, Becca 31 sos GEMERAL
Arthroscopy Right Shoulder
930 H.Stewart Irrigation and Debridement Dressing Bucanni, Joe 54 N10BO  GENERAL
Change Bilater| Legs
4
730 R.Reed Right Fronto Temporal Cranioplasty Quinn, Melisca 18 Ni267  GENERAL
1300 C.Torrence Bactofen Pump Revision Small, Henrietta 60 N1285  GEHERAL
1400 C.Torrence Placement Subcutaneous Resorvoir for Palarino, Randolph 74 51042 MRC
Epidural Catheter
5
730 H.Patterson Right Carpal Tunne! Release Taylor, Ralph 2? 5DS LOCAL
830 H.Patterson Re-do Right Shoulder Acromioplasty DCR, Matthews, Scott 42 SDSo GENERAL
RCR
6
?3C M.Powell Left Total Knee Replacement * Metcal f, Rudolph 67 S0SO GEMERAL
1030 M.Powel |l Bilateral Total Knee Arthroplasties Edwards, Robert S0 S0S0 GEMNERAL
7
730 D.Reeves Removal internal Wires and Arch Bars Schneider, Hannah 38 8Os GEMNERAL
830 D.Reeves Maxillary, Partial Mandibular 0&A Pruszynski, Cyril 33 S0S GEMERAL
1000 D.Reeves Laser Ugporization Lesions Floor of Harrison, Suzanne 72 SDS GEMERAL
HMouth and Tongue
8
730 H.Patterson Right Carpal Tunnel Release Gere, Cynthia 33 508 LOCAL
830 H.Paterson Left Carpal Tunnei Release Smith, Robert 32 sDs Local
930 H.Patterson Right Cubital Tunne! Releasze Thomas, Jack 30 S0s GEMERAL
g

Figure 3 Operating room schedule

S

in its classic configuration.
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Figure 4 Illustration of the operating room schedule
reconfigured as a Gantt chart for reactive scheduling.

vices suites will be maintained by RCSS. The data are
to be available for display and/or update in the fol-
lowing locations: admitting office, same day surgery
suite, holding room, operating rooms, surgical inten-
sive care units, post-anesthesia care unit, floor or other
patient location, nurse anesthesia charting room, an-
esthesia offices, anesthesia workroom, surgeons’
lounge, cleaning and maintenance areas, and locker
and dressing rooms.

In the absence of an electronic system such as RCSS,
medical centers typically rely on manually created
printed paper schedules, an example of which is
shown in Figure 3. While a paper schedule contains
all the information necessary to administer the daily
schedule, it does not convey scheduled interactions
with respect to time and space. To better view and
manipulate the schedule, RCSS will reorganize it as a
single day Gantt chart, which may be displayed from
a variety of views (by surgeon, by anesthesiologist, by
patient, by operating room, etc.) of the underlying
data. The Gantt chart (Fig. 4) illustrates the progress
of surgery and rebroadcasts changes in the surgical
status in real time.

Scheduling Support System Module

The audit trails to be generated by RCSS are part of
a prototype scheduling support system currently un-
der development. The scheduling support system will
use historical data from these audit trails to build a
scheduling library specific for CPT code, anesthesia
type, and surgeon.”” Surgical duration estimates will
be drawn from the library and used to create a sur-
gical schedule by assigning patients to operating
suites using a bin-packing algorithm.

&
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Calendar Module

Predictive scheduling requires a multi-month calen-
dar display, because operating room reservations are
often requested weeks in advance. Each day’s sched-
ule will be available as a Gantt chart. By allowing ac-
cess to daily schedules weeks in advance, support
personnel may examine future surgical demands and
improve utilization of surgical resources in coopera-
tion with the surgeons and other health care provid-
ers. This utility will provide the Predictive Scheduler
with the information necessary to schedule patients in
advance. The calendar will be linked to admissions,
and could be connected to other systems to download
patient data and scheduling services. It will also func-
tion as an appointment book.

Report Writer

The Report Writer is intended to provide hard copy
digests of performance, utilization, and exception re-
ports on a scheduled and on-demand basis from a
variety of perspectives. Users must provide a “boiler-
plate” format for those reports; RCSS does not include
natural language capabilities. These reports will be
prepared with data retrieved using criteria-specific
data searches and sorts. The data can then be written
to text files for analysis outside RCSS. An example of
such a report is given by the transaction register utility
(Fig. 5).

Data Archive and Analyzer Module

The Data Archive utility will store the records of sur-
gical transactions. The analyzer will perform routine
analyses for the Report Writer and real-time sched-
uler, and enable the user to extract raw data as de-

Transaction Register ¥z

. 1 Procedure
Time: E:[ To (2400} Location:  [JALL  []SDS [JHOLODING []OHs
sort by: Name ~ [Jpacu  [Jicu {Jsps2
Patient Location Time In__Scheduled _Surgeon Anesthesiologist
Palacino, flandoiph sDS 1539 1400 C Tomence
feddings, Paula sDs 1639 1500 GruendedNeeson
Small, Herrletta 5DS 1639 1300 C Tomence
Small, Herrietta HOLDING 1540 1300 CTomence |
Reddings, Paula HOLDING 1640 1500 GruendeNeeson
Palaring, Randolph HOLDING 164+ 1400 C Tomence
i
X
® 1995.ACS. [l

Figure 5 Transaction register with selection and sort
buttons.
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sired. Case records and audit trails will be compressed
and written to an archiver.

As patients move within the hospital, ownership of
patient-specific data will travel electronically with the
patients from location to location. Time stamps will
be entered into the objectbase by bar code or direct
keyboard entry as patients change locations, so that
the length of stay in each location will be documented
and an audit trail recorded. Patient-specific audit tri-
als will be available on-line for utilization review and
summarized for all patients by the real time through-
put tracking Gantt chart (Fig. 6). The audit trails will
be summarized statistically and procedure durations
can be compared with local performance or national
norms. After a sufficiently large historical base of pa-
tient movements has been collected, it will be possible
to analyze institutional trends and to spot outliers sta-
tistically, so that opportunities for improvement may
be identified.

When sufficient institutional historical data are avail-
able, we expect to implement an on-line graphical uti-
lization review module, customized for each location
in surgical services. Reports will be initiated from a
pull-down menu. Dialogue boxes will allow

searches by time interval and text strings, and the
data may be sorted by demographic fields. For oper-
ating room utilization data, for example, there will be
both graphical (Fig. 7) and numeric (Fig. 8) utilization
displays. Each display will summarize three operating
room time categories: budgeted time (OR block time
or staffed periods); scheduled time (patient surgery

reservations); and used time (as recorded by bar
code). In addition, utilization statistics will be sum-
marized as the following ratios:

Actual Utilization = Led
budgeted

used
A F o
ceuracy of Forecas scheduled
Forecast Utilization = M
budgeted

Pop-up boxes will detail case duration for used,
scheduled and forecast times using graphical and nu-
meric utilization screens (Fig. 9). Numerical and an-
alytical on-line reports can be customized to accom-
modate specific users and on-line reports may be
written to the screen, disk, or printer.

The data provided by RCSS will provide four man-
agement benefits:

1. Procedure (CPT) and diagnostic (ICD-9) codes are
assigned upon admission to categorize patients
and may be modified appropriately by health care
providers at the time of surgery. Comparing diag-
noses before, during, and after surgery, or compar-
ing similar diagnostic or therapeutic procedures,
may indicate false positives, false negatives, and
the relative prevalence of various medical condi-
tions or procedures. Such data may be made avail-
able to health care providers and managers to assist
with quality improvement.
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Figure 7 A graphical utilization review screen show-
ing a histogram summary of budgeted, scheduled, and
used operating room utilization times for each operating
room. Actual utilization, accuracy of the forecast, and
forecast utilization are computed as grand means for all
the operating rooms taken together.
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2. The data display screens at each location are cus-
tomized to match local preferences. Each group of
health care workers will be responsible for a small,
manageable data subset relevant to its own work
(see screen for the intensive care unit, Fig. 10). Be-
cause data entry is automated (bar code entry of
time stamps from network time servers), employ-
ees will find it easy to maintain accurate records.
Also, because much of the patient identification
data will be inherited, the data are not likely to be
compromised by errors associated with repetitive
reentry.

3. Statistical summary of time intervals selected by
procedure, provider, location, or other patient char-
acteristics will be utilized to indicate trends over
time, which may be used to prospectively manage
resources, based on experience in preceding time
intervals. Individual health care providers may
compare themselves with appropriately developed
benchmarks for self-analysis and quality improve-
ment. Similar analysis might be used to compare
medical centers in other locations in the city, state,
and country. Time series analysis of the same data
may be used to establish analysis of process con-

B OR Utilization
M /2571996
Budgeted Scheduled Used Actual fAccurgcy Forecast
(%) (%) (%)
OR-1 10 (1.735 ] (3.33 ) 333 190 18
DR-2 10 (65 ] (273 7.0 118 65
DR-3 10 [(3.25 ] [ 4.83 ) 48.3 149 32
OR-4 10 (35) [(7.62) 6.2 102 ?5 Figure 8 A numerical uti-
0R-5 10 (55 (4az2) 44.2 80’ 55 lization review screen (the
OR-6 10 (8 ) (958) 95.8 120 80 numerical counterpart of
Figure 7) consists of a matrix
OR-7 10 (4.0 } ((2.35) 23.5 59 40 displavi th t .
isplaying three categories
DR-5 10 (3350 (9a7) 91.7 244 38 of time (budgeted, sched-
UR-9 10 (3] (?7.78 ) 7.8 259 30 uled, used) and three sum-
OR-10 10 (45 ) ((5.83 ] 58.3 130 45 mary utilization statistics
(R-11 10 s ) (5.95) 59.5 74 a0 (actual, accuracy of forecast,
OR-12 10 (s0) (i10.08) 100.8 112 90 and forecast) for each oper-
DR 14 10 Cazs) a5 45.0 106 4 ating theater. By highlight-
* : ) ing each summary cell in the
OR-13 10 (45 ) (3.0 ) 30.0 67 45 matrix and clicking on it,
EN1 10 (o ] (0.0} 0.0 1.0 0 users may display details of
EN2 10 (035 ) (1.58 ) 15.8 211 8 the entire list of cases con-
YR 10 o) (0.0 ) 0.0 1.0 0 tributing to each cell in the
oS 10 Co ) (oo) 0.0 1.0 0 matrix.
cL 10 Co ) (o0) 0.0 1.0 (i}
Total (50 ) (74.25) (872.73] (58.5 ] (118.2) ((49.5 )
( Graphical ]
© 1995. RCS. 7|




Journal of the American Medical Informatics Association Volume 4 Number 2 Mar / Apr 1997 133

4R Utitization
31/725/19%6 Budgeted TR
Scheduled ——
Used Em—
JR-1
0R-2
0R-3
0R-4
SCHEDULED DURATION NAME: SURGEON: PROCEDURE:
3.5 Benson, Edward R.Hhite Right Total Hip Arthroplasty (Multilock)
1100 S.5 OMalley, Charles R.White Revision Left Total Hip Arthroplasty AML, Proximal Femoral Rl

ACTUAL DURATION  NAME SURGEON PROCEDURE :
755 4.17 Benson, Edward R.Hhite Right Total Hip Arthroplasty (Multilock)
1235 5.92 OMalliey, Charles R.White Revision Left Total Hip Arthroplasty AML, Proximatl Femora!l Al.
J:.,
puamrannenry
L* )5
T
CL

ACTUAL: %
ACCURACY : 118.2) %
FORECAST: %

(Used/Budgeted)
(Used/Scheduled)
(Scheduled/Budgeted)

Humeric

© 1995, RCS.

.

Figure 9 Graphical utilization review screen pop-out feature giving access to details of case duration and starting

times, both scheduled and actual.

trol, and for predictive scheduling of materials and
personnel, to plan for peak and trough demand for
surgical services

4. An audit trail will be established for each patient

" g File_Palients Schedule Locations Reports

and may be recalled on demand to study the time
course and geographic progression of patients
through surgical services. Procedure and diagnos-
tic codes, together with the names of important
health care providers such as the surgeon, anesthe-
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urgical Transaction Record &
UNIYERSITY OF WINDSORMEDICAL CENTER

JOHNSTON PAVILLION

Printed: 0112518995

Patient: Ayres, Abigail 01/03/1992
Patient ID 123456788
Transaction#

SURGICAL TRANSACTION

TOTAL Date Tirne
Amrival: (hrs) 012501998 600

sDs: 092
HOLDING:  0.75

OR: 2.75
PACU: 1.25
ICU: 0.0
sDsI: 00
Roem 0.0
Discharge:
TOTAL S.67

Procedure Rignt Thyroid Lobectomy, Possible Total Thyroidectorny
Surgeon: A Ford
sesthenichogst Delft

Brown

Discharge Nurse-

Figure 11 A health care transaction receipt analogous
to that from an automated teller machine providing pa-
tients with an itemized record of surgical services deliv-
ered, including the names of appropriate contact indi-
viduals should the need for this information arise.

siologist, and discharge nurse, will be combined
with residence and procedure times to produce a
reconfigured audit trail known as a health care trans-
action receipt, as shown in Figure 11. The receipt will
provide a patient with a written record detailing
their hospital treatment and the main contact per-
sons from whom they received care. The patient
can use the receipt to reconcile hospital bills with
a record of services delivered.

This paper introduces the design and features of
RCSS, a prototype of a computerized system for man-
agement of surgical services. RCSS is designed to im-
prove operational efficiency in surgical services by ad-
dressing communications, resource coordination,
surgical utilization, and scheduling needs. It is cur-
rently a research tool that has been alpha tested to
determine the feasibility of its design.

Communications problems in surgical services in-
clude difficulties locating physicians, patients, family,
and verifying the availability of personnel, equip-
ment, and operating suites.” These problems were an-

alyzed using a systems approach,” and the solutions
were incorporated into RCSS design. Patient—pro-
vider relationships and patient satisfaction are ex-
pected to improve because better communications
will reduce administrative overhead and telephone
time for providers, leading to more time to care for
patients.

The designers of RCSS have worked closely with mul-
tidisciplinary health care providers during its devel-
opment cycle. We interviewed managers (seeking ap-
proval and empowerment) and actual care providers
(seeking problem identification and resolution, and
direct feedback on user-interface design). These inter-
views helped ensure that the software was easy to use
and learn, satisfying to use, and provided valuable
utility and functionality. This early provider contact
also provided us confidence and ensured continued
cooperation from providers during the development.

Because of its object-based design, RCSS can easily
accommodate additional expansion. Modules for
managing clinical studies, for scheduling laboratory
tests, and for scheduling clinic visits enterprise-wide™
are examples of additional modules that can easily be
added to RCSS. Because RCSS is made from objects,
not only in its coding but also in the design of its data
structures, it is robust and easily adapted to addi-
tional geographical locations and functional applica-
tions.

When implemented, RCSS would automate acquisi-
tion of demographic and utilization data for surgical
services. Similar data was previously unavailable or
had to be entered manually.* Utilization data can be
used to study operational efficiency” and also to
model the duration of surgical procedures.” The for-
mer can be used to do capacity planning and the latter
can be used for predictive scheduling of future sur-
geries.

Implementation of RCSS will likely change surgical
culture in several important ways. First, management
practices will become more horizontal because RCSS
distributes information to health care providers in
real-time and relieves managers from the burden of
communicating details. Managers are currently detail
oriented, frequently traveling the shop floor to deliver
information to the workers and to inspect for quality.
With implementation of RCSS, it is anticipated that
managers will have more time to participate in quality
control, strategic planning, and policy making. Data
and decision-making responsibility can be returned to
individual health care providers, who could be held
accountable for their decisions and actions. This is
compatible with the management philosophy and
horizontal team advocated by Deming.**”
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The very act of studying and computerizing surgical
services is expected to change surgical culture. Prep-
arations for implementation of the software and hard-
ware focus attention on efficiency issues. Recording
the duration of surgical procedures allows providers
to focus attention on aggregate performance and on
individual delays. Managers and providers can expect
to uncover bottlenecks and to effect changes based on
data. In other words, measuring performance and var-
iability will alter the status quo in the surgical culture
and will provide an important impetus for change.

The impact of RCSS on the efficiency of surgical ser-
vices also should be evaluated in financial terms. Fi-
nancial evaluations of the software must await not
only full implementation but also development of the
accounting and outcome measurement tools necessary
to measure the financial bottom line. Time is integral
to the cost of surgical services. The total cost of ser-
vices is the hourly rate for labor and space multiplied
by the utilization time and added to the fixed cost of
durable goods. In combination with traditional ac-
counting systems (payroll and inventory), RCSS could
assist medical centers in moving from charge- to cost-
based accounting procedures by helping to provide
itemized billing based on utilization to both patients
and the institution.

In summary, managed care imposes new economic re-
alities on hospitals and their surgical services, which
must become more efficient and cost-effective to sur-
vive. In a business sense, this requires that patient care
delivery be quantitated and that variability be re-
duced without sacrificing quality. The promise of
RCSS is to provide inexpensive, accurate data for
improving scheduling, resource coordination, and
communications while altering surgical culture and
empowering health care providers to make better de-
cisions.

The authors thank Randolph Miller, MD, for his helpful com-
ments and thorough review of this manuscript.
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