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Abstract

Background Developing a high-efficiency operating

room (OR) for total joint arthroplasty (TJA) in an academic

setting is challenging given the preexisting work cultures,

bureaucratic road blocks, and departmental silo mentalities.

Also, academic institutions and aligned surgeons must have

strategies to become more efficient and productive in the

rapidly changing healthcare marketplace to ensure future

financial viability.

Questions/purposes We identified specific resources and

personnel dedicated to our OR for TJA, assessed the typical

associated work process delays, and implemented changes

and set goals to improve OR efficiencies, including more

on-time starts and shorter turnover times, to perform more

TJA cases per OR. We then compared these variables

before and after project initiation to determine whether our

goals were achieved.

Methods We gathered 1 year of retrospective TJA OR time

data (starting, completion, turnover times) and combined

these data with 1 month of prospective observations of the

workflow (patient check-in, patient processing and prepa-

ration, OR setup, anesthesia, surgeon behaviors, patient

pathway). The summarized information, including delays

and inefficiencies, was presented to a multidisciplinary

committee of stakeholders; recommendations were formu-

lated, implemented, and revised quarterly. Key strategies

included dedicated OR efficiency teams, parallel processing,

dedicated hospital resources, and modified physician

behavior. OR data were gathered and compared 3 years later.

Results After project changes, on-time OR starts increased

from less than 60% to greater than 90% and average turn-

over time decreased from greater than 60 minutes to

35 minutes. Our average number of TJA cases per OR

increased by 29% during the course of this project.

Conclusions Our project achieved improved OR effi-

ciency and productivity using strategies such as process

and resource analysis, improved communication, elimina-

tion of silo mentalities, and team work.

Introduction

Given the current US healthcare environment of unsustain-

able growth and escalating costs, surgeons and their

respective hospitals are under heightened pressure and

scrutiny to document and implement evidence-based care

with efficient, reproducible, safe, high-value, uncomplicated

results for patients. Within this context, the operating room

(OR) represents an important hospital resource for increased

clinical productivity, but with high associated costs [2, 9].
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Traditionally, academic medical centers, with their inherent

additional missions of education and research, have been

branded as unnecessarily expensive, inefficient healthcare

organizations with known difficulties in adapting to a

hypercompetitive market [6]. Within the current healthcare

market, THA and TKA procedures have documented

increasing demands (demographically and technologically

driven), increasing volumes and costs, and decreasing

reimbursements, but with positive hospital profit margins

when they are performed with standardized processes by

expert surgeons in high-volume institutions [1, 5, 10–13].

Thus, a model for a high-efficiency OR for total joint

arthroplasty (TJA) is critical for aligning surgeons and

hospitals in planning for future growth, increasing market

share, and the overall financial viability of this service line

particularly at an academic medical center.

Other academic institutions have recognized the need

for improved OR efficiency and have successfully imple-

mented applicable strategies [2–4, 7–9, 12]. In pursuing

greater efficiency, we considered and embraced many of

the published techniques, eg, detailed process and resource

assessment, parallel processing, and high-efficiency teams,

to achieve our goals.

We then analyzed our TJA OR work flow, determined

the potentially correctable inefficiencies, discussed and

agreed on our strategies for improvement, and then

implemented the changes, with ongoing reviews to docu-

ment our progress, successes, and failures. We compared

the following data before and 3 years after project initiation

to determine whether our goals were achieved: (1) starting

time, (2) number of TJA procedures completed per OR

block of time, (3) turnover time, (4) number of TJA cases

per OR, (5) length of hospital stay, and (6) number of

inpatients discharged before 1 PM.

Materials and Methods

Our project started in 2007 with detailed analyses utilized

at other academic institutions of the specific personnel,

resources, and processes directly and indirectly involved

with an average block of time in our TJA OR (10–12 hours;

7 AM to 7 PM on weekdays except for Wednesdays,

8:30 AM to 7 PM), so we could fully understand our

starting point [2, 9]. This required an interdisciplinary

assessment team, consisting of TJA physicians, anesthesi-

ologists, OR nurses, and support personnel, sterile

processing, postanesthesia and intermediate care, and

hospital administrators. The team was led by hospital

personnel trained as Six Sigma Black Belts (ie, profes-

sionals who can explain the Six Sigma business

philosophies and principles and apply the DMAIC [define,

measure, analyze, improve, control] model) to approach

this challenge using change management tools including

lean management (ie, streamlining processes by eliminat-

ing unnecessary or wasteful steps) [2]. The group gathered

all of the initial workflow and performance data and then

provided summary analyses for the efficiency committee.

The efficiency committee then made suggestions and asked

all stakeholders for recommendations on the setting of

goals. They also identified essential assets (eg, personnel,

recovery room beds) to achieve the goals and obtained data

on those assets to initiate and implement the project. The

committee collected data on an ongoing basis to implement

further efficiencies. We collected 1 year of retrospective

OR time stamp data (nurse in OR, patient in OR, procedure

start time and completion time, patient out of OR, nurse out

of OR), as well as real-time OR observation and patient

flow, for the dedicated TJA surgeons. The workflow pro-

cesses were detailed, summarized, and presented to a

multidisciplinary TJA OR efficiency committee with rep-

resentatives from hospital administration, anesthesiology,

nursing (preoperative holding and preparation, OR,

recovery room, inpatient ward), and the TJA surgeons

(Table 1). Several meetings were required to digest and

discuss the findings. The first review of the data outlined

the opportunities that existed for us to improve our effi-

ciency and case throughput.

Our initial analysis demonstrated our starting point

(Table 2): (1) surgeons were completing two to three pri-

mary or one to two revision TJA procedures during a

complete block of OR time; (2) on-time starts (patient in

the room) occurred less than 60% of the time; (3) the

average time for room turnover (from patient to patient)

was highly variable, ranging from 60 to 90 minutes and

occasionally up to 2 hours; (4) the TJA surgeons averaged

2.35 TJA cases (primary and/or revisions) per OR;

(5) more than 60% of the inpatients receiving TJA were not

discharged from the hospital until after 1:00 PM; and

(6) the average length of stay for patients receiving primary

and revision TJA was 3.5 and 4.4 days, respectively.

The primary inefficiency categories for the on-time OR

starts were (1) patient related, (2) nurse related, (3) OR

related, (4) surgeon related, and (5) anesthesia related

(Table 3). The inefficiencies identified in the OR also

included variations in the OR support team, variations in

room setup, lack of parallel processing, incomplete OR tray

processing, and instrumentation availability. OR turnover

times were slowed by several factors, including unavailable

surgical attendants, delayed movement of the patient from

the OR table to the hospital bed, and the holding of

recovery rooms. The same inefficiencies described for

on-time starts also contributed to longer turnover times.

Competition for limited resources with other orthopaedic

and nonorthopaedic service lines proved to be a negative

contributing factor.
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With a microscopic understanding of our typical TJA

OR, the stakeholder OR efficiency committee established

specific transparent goals and constructive rules of conduct

for the implementation of a high-efficiency OR. The

desired benchmarks were (1) the creation of scheduling

templates for more efficient utilization of the ORs, eg,

separation of primary and revision ORs; (2) greater than

90% on-time starts; (3) an average turnover time of less

than 45 minutes and decreasing to 30 minutes over time;

(4) four to five primary TJAs being performed in an OR

more than 50% of the time; and (5) three TJA cases per

OR, even with revision surgery, at least 1
.
2 of the time, with

an overall goal to increase the number of cases by 20%

within the designated ORs. Surgeon-specific data were

collected and reported to all stakeholders on a monthly

basis and then analyzed and discussed by the committee

each quarter up to the present time.

One of our first tactics was to implement a scheduling

template for each surgeon by using their specific historical

OR performance data. This set the stage for increasing OR

volume by creating predictable combinations of TJA pro-

cedures that could be completed in the allotted amount of

block time for each surgeon. The second strategy was the

creation of A teams for the high-efficiency TJA OR, with

the same OR team (nurse-circulator, scrub technician,

room attendant, and additional person for turnover)

assigned to individual surgeons, as well as identified

anesthesiology teams specifically committed to the success

of the project [7, 9, 11, 12]. The third strategy helped

establish the culture of parallel processing, which replaced

the existing perfunctory serial steps; eg, the patient was not

allowed in the OR until the OR team was ready, anesthesia

did not start until the surgeon was available, the subsequent

patient was not sent for and prepared unless the OR called

the request, etc [4]. Steps were also taken to reduce and

standardize trays of instruments for primary THA and TKA

procedures to cut costs, reduce related preparation times,

and avoid unnecessary delays associated with incorrect

postings or missing instruments sets. Our fourth priority

was to introduce an efficient check-in process at the

admissions office, followed by on-time preparation in the

preoperative holding area. Patients were contacted the day

before and reminded of the time and location at which to

report (at least 2 hours before the OR case start time).

Hospital personnel and resources were also committed to

the project by adding dedicated nursing support and

recovery room beds (adjusted to the day’s schedule). Fur-

thermore, efforts were made on the inpatient ward to

discharge patients before 11:00 AM to facilitate patient

flow through the system, thereby avoiding delays in the

recovery room, which could also delay the treatment of

patients coming out of the OR. Finally, each attending TJA

surgeon, along with his or her assigned orthopaedic

Table 1. Workflow processes and data for the TJA OR

Category Variables

OR time stamp

data

Nurse/OR team in OR

Patient in OR

Case start

Case completion

Patient out of OR

Nurse/OR team out of OR

Turnover time

First case start

Last case completion

Patient preparation Check-in time

Admission/registration

Patient to preoperative holding

Nursing preparation and paperwork

Anesthesia behaviors Preparation of patient

Patient consent

Bringing patient to OR

Making patient available to surgeon

Taking patient to recovery room

Transition to next patient

Surgeon behaviors Completion of patient’s paperwork

Marking surgical site

Arrival in OR

Departure from OR

Activity between OR cases

Patient flow through

hospital

Check-in and registration

Patient to preoperative holding

Patient to and from OR

Patient to recovery room

Patient to hospital room

Patient discharge

OR team behaviors Preparation of room and instruments

Procedure-related team work

Cleaning and closing room at

conclusion of case

Turnover to start next case

TJA = total joint arthroplasty; OR = operating room.

Table 2. OR efficiency project data before and after project initiation

Variable 2007 2011

On-time OR starts (%) \ 60 [ 90

Average turnover times (minutes) [ 60 35

Average number of cases per OR 2.35 3.04

Average length of stay (days)

Primary 3.5 3.1

Revision 4.4 3.4

Discharges by 1 PM (%) \ 40 [ 70

OR = operating room.
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resident or fellow, participated in and supported all aspects

of the efficiency project by (1) ensuring the completion of

paperwork and marking the first patient at least 45 minutes

before start; (2) briefing the OR and anesthetic teams about

the plans for the day, as well as any potential problems;

(3) being in the OR at least 10 minutes before the patient

entering the OR; and (4) helping the in-OR processes

whenever necessary (moving the patient to the OR table,

starting a Foley catheter, helping to position the patient,

etc) [8, 11, 12]. Once these initiatives were in place, the

committee met monthly to share surgeon-specific reports

that included metrics related to each facet of the project.

The committee also used this time to openly discuss project

successes and new opportunities for process improvement.

We compared the following data before (2007) and

3 years after project initiation (2011) to determine whether

our goals were achieved: (1) starting time, (2) number

of TJA procedures completed per OR block of time,

(3) average turnover time, (4) average number of TJA cases

per OR, (5) average length of hospital stay, and (6) number

of inpatients discharged before 1 PM.

Results

Our total joint OR efficiency project was able to achieve (1)

more on-time starts ([ 90% versus \ 60%), (2) the com-

pletion of four and occasionally five primary TJA

procedures per OR block more often (30% versus 0%), (3) a

shorter average turnover time (B 35 minutes versus 60–120

minutes); (4) a 29% increase in average number of TJA

cases per OR (3.04 versus 2.35), (5) shorter average lengths

of stay (3.1 days and 3.4 days versus 3.5 days and 4.4 days

for primary and revision TJA, respectively), and (6) more

inpatients receiving TJA discharged before 1 PM (70%

versus 40%) (Table 2). Today, data and project milestones

continue to be shared at a quarterly orthopaedic OR effi-

ciency/improvement meeting, as well as at our monthly

Total Joint Coordination of Care committee meeting. Many

of the process improvements and successes have been shared

and translated to other OR service lines within our hospital.

Discussion

Developing a high-efficiency OR for TJA in an academic set-

ting is challenging given the preexisting work cultures,

bureaucratic road blocks, and departmental silo mentalities.

Also, academic institutions and aligned surgeons must have

strategies to become more efficient and productive in the rap-

idly changing healthcare marketplace to ensure future financial

viability. We developed a higher-efficiency TJA OR at our

hospital by using constructive team work by all stakeholders;

conducting a detailed analysis of our OR workflow, personnel,

and processes; and subsequently implementing various strate-

gies successfully used at other similar institutions.

We are aware of limitations to our study and data collection

processes. First, this paper reports surgeon-specific observa-

tional data only in achieving predefined goals but without any

statistical analyses. Second, our experience, while similar to

published projects at various academic institutions, may not

be entirely applicable to other OR environments or cultures.

Third, even though we achieved more on-time OR starts,

shorter turnover times, more total TJA cases per OR, and

Table 3. OR inefficiency categories

Category Inefficiencies

Failure to start OR

on time

Patient related: late arrival, delayed check-in, admission office process

Nurse related: slow or delayed preoperative holding process, inadequate

personnel and/or beds, missing paperwork

OR related: room and/or instrumentation not ready

Surgeon related: delayed marking of patient’s surgical site and/or signing

paperwork, delayed arrival in OR

Anesthesia related: delayed evaluation and preparation of patient, delayed

transport of patient to OR, delayed anesthetic

OR inefficiencies Variations in OR support team: inconsistent scrub technicians, nurses;

inadequate training; inconsistent anesthesia teams

Variations in OR setup: lack of parallel processing, OR tray

processing/turnover, instrumentation availability/sterilization, missing trays,

incorrect posting

Turnover inefficiencies Unavailable room attendants

Delayed movement of patient from OR table to hospital bed

(delayed movement to recovery room, recovery room hold): not enough nurses,

not enough beds, delayed inpatient discharges restricting flow out of recovery room

OR = operating room.

Volume 471, Number 6, June 2013 High-efficiency Academic OR for TJA 1835

123



apparent shorter average length of stay, it is not clear these

accomplishments were more cost-effective or provided equal

or improved results for our patients.

Our project confirms previously published efforts in

improving OR efficiency through process and resource

analysis [2, 9], improved communication, elimination of

silo mentalities, team work [3, 8, 11], and high-efficiency

OR teams adapting parallel processing [4, 7].

From a practical standpoint, establishing a high-efficiency

TJA OR in our academic setting was dependent on the TJA

surgeons aligning with the hospital and its various parts or

players in a constructive, fully engaged manner. The surgeons

initiated and implemented the proposed changes by bringing

the various stakeholders together, requesting the collec-

tion and analyses of data, transparently sharing and discuss-

ing the information, while respectfully establishing mutually

beneficial goals, and then demonstrating an ongoing com-

mitment to the project’s success. More than anything else, the

surgeons led by example and followed all of the established

rules; failure in this regard would have potentially resulted in

project participant apathy and disrespect. The surgeons

advocated for success by (1) restating the goals and relevance

of the project on a regular basis, (2) transparently sharing and

discussing the ongoing collected data, (3) proposing con-

structive solutions to identified problems, (4) expressing

sincere gratitude to the team players every day, (5) decreasing

or eliminating barriers to hiring and rewarding high-achieving

employees, (6) promoting and participating in alignment

projects with the hospital, and (7) looking for new ideas for

creating potential value for patients, staff, surgeons, residents,

fellows, and the hospital.
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