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Background: The introduction of 4-joint operating rooms (ORs) to meet provincial
wait time targets represented a major change in practice, providing an opportunity to
optimize patient care within an OR time allotment of 8 hours. We reviewed our suc-
cess rate completing 4 joint replacements within 8 hours and defined benchmarks for
successful completion.

Methods: We reviewed the surgeries performed in the 4-joint ORs between May
and October 2012. Using prospectively collected data from the Surgical Information
Management System, each surgery time was divided into the following components:
anesthesia preparation time (APT), surgical preparation time (SPT), procedure dura-
tion, anesthesia finishing time (AFT) and turnover time. We defined success as 4 joint
replacements being completed within the allotted time.

Results: We reviewed 49 4-joint OR days for a total of 196 joint surgeries. Of the
49 days, 24 (49%) were successful. Only 2 surgeons had a success rate greater than 50%.
Significant predictors of success were APT (odds ratio 1.09, 95% confidence interval
[CI] 1.02-1.16), procedure duration (odds ratio 1.02, 95% CI 1.00-1.05) and AFT (odds
ratio 1.19, 95% CI 1.06-1.34). We calculated probabilities for each component and
derived benchmark times corresponding to the probability of 0.60. These benchmarks
were APT of 9 min, SPT of 14 min, procedure duration of 68 min, AFT of 4 min and
turnover of 15 min.

Conclusion: We established benchmark times for the successful completion of 4 primary
joint replacements within an 8-hour shift. Targeted interventions could maximize OR
efficiency and enhance multidisciplinary care delivery.

Contexte : Afin d’atteindre les cibles provinciales en matiere de temps d’attente, on a
mis en service des blocs opératoires (BO) dédiés a la réalisation de 4 arthroplasties
consécutives. Cette mesure a représenté un changement de pratique majeur et a offert
une occasion d’optimiser les soins aux patients a I'intérieur du temps opératoire
alloué, soit 8 heures. Nous avons examiné notre taux de succés a effectuer 4 arthro-
plasties en 8 heures et défini les criteres de réussite.

Méthodes : Nous avons passé en revue les chirurgies effectuées dans les BO dédiés
entre mai et octobre 2012. A P'aide des données prospectives fournies par le systeme
de gestion des données chirurgicales, la durée de chaque intervention a été divisée en
5 temps : temps de préparation de I'anesthésie (TPA), temps de préparation chirurgi-
cale (TPC), durée de I'intervention, temps de finalisation de 'anesthésie (TFA) et
temps de roulement. La réussite était définie comme la réalisation compléte de
4 arthroplasties a I'intérieur des temps alloués.

Résultats : Nous avons analysé 49 jours de BO dédiés, totalisant 196 chirurgies articu-
laires. Sur les 49 jours, 24 (49 %) ont été couronnés de succes. Seulement 2 chirurgiens
ont obtenu un taux de réussite supérieur 2 50 %. Les principaux prédicteurs de succes
étaient le TPA (rapport des cotes 1,09, intervalle de confiance [IC] de 95 % 1,02-1,16),
la durée de 'intervention (rapport des cotes 1,02, IC de 95 % 1,00-1,05) et le TFA (rap-
port des cotes 1,19, IC de 95 % 1,06-1,34). Nous avons calculé les probabilités pour
chaque composante et inféré les critéres de durée correspondant a la probabilité de 0,60.
Les critéres ont été définis comme suit : TPA 9 minutes, TPC 14 minutes, durée de
I'intervention 68 minutes, TFA 4 minutes et roulement 15 minutes.

Conclusion : Nous avons établi des durées cibles pour chacune des étapes menant a
la réalisation compléte de 4 arthroplasties primaires a I'intérieur d’un quart de travail
de 8 heures. L’application des cibles aux interventions pourraient maximiser
Pefficience des BO et améliorer la prestation des soins multidisciplinaires.
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here is no doubt that joint replacement surgery

improves the quality of life of patients with arth-

ritis." In recent years, research has focused on regis-
try data to determine trends in patient profiles and to form
a quality control process for assessing the success rate of
various implant designs. In addition, institution and gov-
ernment agencies are paying closer attention to readmis-
sion rates, rates of superficial wound infection and overall
quality of care delivery within that context.? Overall effi-
ciency is also being examined by these multiple stakehold-
ers. This is particularly relevant in a single payer system
like Canada’s, in which public funds are the sole source of
financing and increasing demand is coupled with increas-
ing government deficits. Capacity to increase delivery of
joint replacements must be accomplished without increas-
ing costs. In 2005, based on the National Health Services
initiative, the Canadian government mandated through the
National Wait Times Initiative (NW'TI) that patients
receive their hip or knee replacement within 6 months of
the decision for surgery.’ The most recent data from the
Canadian Institute of Health Information (CIHI)* show
there is still considerable room for improvement, with
most provinces being under the 90% goal despite funding
directed specifically to decrease wait lists (Fig. 1).*

Various models with set benchmarks (e.g., centralized
intake clinics that separate wait times into multiple com-
ponents: time to consult, time to surgical decision and
finally time to surgery) have been introduced to improve
access to joint replacement care.’ In addition, how to best
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improve operating room (OR) efficiency has been a subject
of much interest in order to meet the increasing demand
for joint replacement putting a substantial burden on the
hospital system owing to limited resources. Although sev-
eral groups have looked at OR inefficiencies, such as turn-
around time and dedicated teams,%’ there is still a lack of
established benchmarks to successfully maximize OR effi-
ciency without increasing resources.®’

In 2004, a 4-joint OR initiative was instituted within
our hospital to minimize wait times for joint replacements
by improving overall throughput while minimizing the
need to increase the number of OR days to perform joint
replacement surgery. As part of this initiative, team lead-
ers, customized joint instrument trays and patient selec-
tion parameters (i.e., body mass index [BMI] < 35, Ameri-
can Society of Anaesthesiologists [ASA] score of 2 or less,
no prior joint surgery) were established. The purpose of
the present study was to look at the overall success of our
high-volume ORs for performing primary joint replace-
ments and to define the factors that are associated with

successful completion of 4-joint OR cases within a stan-
dard 8-hour shift.

METHODS

Four-joint OR data from May 1 to Oct. 31, 2012, were
analyzed retrospectively for surgical times. We obtained
approval from our institutional ethics committee before
the study began.
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Fig. 1. Lower-extremity arthroplasties by Canadian province, 182-day success rate. PEl = Prince Edward Island.
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The goal of the 4-joint room initiative was to complete
the cases within a standard 8 hour shift (i.e., 7:30 am to
3:30 pm). All joint replacements were completed by
5 arthroplasty surgeons and 27 different anesthesiologists.
Spinal and general anesthetic are both commonly used for
lower extremity reconstruction, and the anesthesiologist
decided on the method of anesthesia in consultation with
the patient. Our institution does not have a block room
and, as such, all spinal anesthetics were administered after
the patient entered the operating theatre. All surgical time
data were prospectively entered using the Surgical Infor-
mation Management Systems (SIMS). The surgical time
intervals were defined using the following events as out-
lined by the American Association of Clinical Directors,
with modifications noted by asterix: anesthesia preparation
time (APT; patient in room* to anesthesia ready), surgical
preparation time (SPT; anesthesia ready to procedure
start), procedure duration (procedure start time to pro-
cedure finish), anesthesia finish time (AFT; procedure fin-
ish to patient out of room*), and turnover time (room
cleanup start to patient in room).! The APT immediately
follows turnover time during the day, as a smooth transi-
tion into the room is expected once the room is ready.

Statistical analysis

We report basic descriptive statistics (mean, median, stan-
dard deviation and range) as appropriate. For the analysis
of surgical time components, we used ¢ tests to compare
surgical intervals on successful and unsucessful days. Suc-
cess was defined as the last patient (fourth case) of the day
leaving the operating theatre within the allotted 8-hour
shift. We performed logistic regression analysis to deter-
mine significant predictors for success of 4-joint ORs.
Furthermore, we used the following equation to calculate
predicted probabilities (p) for each time component, aver-
aged per day: p=e ” (a + bTime)/(1 + e » (a + bTime)).

RESuULTS

During the study period, 196 joint replacements were
completed in 49 4-joint OR days: 80 (40.8%) total hip
arthroplasties (THA), 55 (28%) total knee arthroplasties
(TKA), 38 (19.4%) hip resurfacing (HR) and 23 (11.7%)
unicompartmental knee arthroplasties (UKA). The mean
age of patients was 62 (range 25-87) years; 85 patients
were men and 111 were women (Table 1). The mean BMI
was 29.6 (range 20.5-48.3), and the median ASA score was
2 (range 1-3). Twenty-four patients received a general
anesthetic, and 164 had a spinal anesthetic. There were
8 cases of converted spinal to general anesthetics.

The overall success rate for completion of 4-joint OR
days within the allotted time was 49% and varied from 0%
to 80% among surgeons. The mean procedure duration
for all procedures was 70 (range 33-113) min (Table 2).

410 J can chir, Vol. 58, N° 6, décembre 2015

Each surgical time interval is reported in Table 3, with
mean, maximum and minimum values. The mean pro-
cedure duration for days that were successful versus unsuc-
cessful were 68.6 + 13.2 and 72.2 + 12.4 min, respectively
(95% confidence interval [CI] -7.2 to -0.01, p = 0.05). Pro-
cedures were slightly shorter on successful days for 3 of the
4 surgeons (surgeons A, C and D) who had more than
1 successful day, although this difference for each surgeon
was not significant (T'able 4).

Each temporal component was averaged per day, and
we used logistic regression to calculate predicted

Table 1. Patient demographic and clinical characteristics

Characteristic No. (%) or mean (range)
Sex
Male 85 (43%)
Female 111 (57%)
BMI 29.6 (20.5-48.3)
Age, yr 62 (25-87)
ASA score 2.4 (1-3)
ASA = American Society of Anaesthesiologists; BMI = body mass index.

Table 2. Procedure duration, by procedure and surgeon

Procedure/surgeon Mean (range), min
Knee hemiarthroplasty 68 (44-88)
Hip resurfacing 69 (52-87)
Total hip arthroplasty 73 (33-107)
Total knee arthroplasty 68 (46-113)
Surgeon A 71.3 (51-104)
Surgeon B 73.3 (57-90)
Surgeon C 71.7 (563-107)
Surgeon D 66.5 (33-83)
Surgeon E 69.9 (44-113)

Table 3. Interval durations

Interval Mean (range), min
Anesthesia preparation time 12 (5-32)
Anesthesia finishing time 5(0-19)
Surgical preparation time 16 (4-26)
Procedure duration 70 (33-113)
Turnover time 19 (8-48)

Table 4. Procedure durations for successful and unsuccessful

days by surgeons

Group; mean = SD
Success

Surgeon rate, % Successful Unsuccessful p value
All 49 68.6 (13.2) 72.2(12.4) 0.05
A 54 68.9 (12.1) 74.1(12.0) 0.13
B 0 NA 73.3(9.7) NA
C 50 70.8 (12.6) 72.6 (13.6) 0.64
D 80 66.6 (10.2) 66.3 (10.1) 0.93
E 38 68.9(22.1) 70.6 (15.1) 0.81
NA = not applicable; SD = standard deviation.




probability of success (Table 5 and Table 6). The maxi-
mum probabilities of success for the temporal com-
ponents ranged from 0.6 to 0.902. Owing to this vari-
ability, approximate times that corresponded to the
predicted probability of 0.60 were arbitrarily chosen as
benchmark estimates. Five anesthesiologists met the
average APT benchmark of 9 min, with the range for
daily averages spanning 7-20 min. Reaching the bench-
mark was common, with 32% of cases having an APT of
less than 9 min; however, daily averages were much
more difficult for the various physicians to achieve. Five
of 27 anesthesiologists were able to meet the AFT target
of 4 min, with the range of daily averages spanning 2.5—
7.8 min. Individual results are shown in Figure 2.

Table 5. Maximum surgical interval times that correspond to

60% success rate (benchmark) and their odds for predicting
success

Interval Benchmark, min ~ OR (95% Cl) p value
APT 9 1.09 (1.02-1.16) 0.009
SPT 14 1.05(0.97-1.14) 0.23
Procedure duration 68 1.02 (1.00-1.05) 0.05
AFT 4 1.19 (1.06-1.34) 0.003
Turnover time 15 1.12 (1.05-1.18) < 0.001
AFT = anesthesia finishing time; APT = anesthesia preparation time; Cl = confidence
interval; OR = odds ratio; SPT = surgical preparation time.

Table 6. Comparison between successful and unsuccessful days

Group; mean (range)*

Factor Successful Unsuccessful
No. of patients 96 100
Anesthetic, no. (%)

Spinal 83 (86) 81 (81)

General 13 (14) 19(19)
Age, yr 61.3 (256-86) 62.6 (356-87)
APT, min 11.4 (6-28) 13.3 (6-32)
APT, % < benchmark 36% 28%
ASA score 2.4 (1-3) 2.3(1-3)
BMI 29.9 (20.6-44.4) 29.3 (20.5-48.3)
First PIR time, min 7:53 (7:44-8:04) 7:55 (7:42-8:05)
Procedure duration, min

HR 66.9 (56-77) 72.1 (52-87)

THA 71.3(33-103) 76.1 (456-107)

TKA 67.3 (46-113) 68.7 (47-90)

UKA 62.3 (44-83) 71.2 (50-88)
Procedure prevalence, %

HR 23% 16%

THA 47 % 35%

TKA 21% 35%

UKA 9% 14%
Sex, no. (%)

Male 36 (38) 49 (49)

Female 60 (62) 51 (51)
APT = anesthesia preparation time; ASA = American Society of Anesthesiologists; BMI =
body mass index; HR = hip resurfacing; PIR = patient in room; THA = total hip
arthroplasty; TKA = total knee arthroplasty; UKA = unicompartmental knee arthroplasty.
*Unless indicated otherwise.
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In order to determine factors that contribute to success,
we performed a logistic regression analysis with various
surgical (procedure type, surgeon, anesthesiologists) and
temporal components. Only the following temporal com-
ponents emerged as significant predictors of success: APT
(odds ratio 0.92, 95% CI 0.86-0.98), procedure duration
(odds ratio 0.98, 95% CI 0.95-1.00) and AFT (odds ratio
0.84, 95% CI 0.74-0.94).

Discussion

The demands on the Canadian health care system to do
more and better with less are growing, and although some
may say that there is no more capacity within our system,
there are health care organizations that are succeeding.
One model that has been applied with success is that of
Lean, which originates from the automotive industry.!! In
addition, not only did we find that variability in both sur-
geon and anesthesiologist had a significant impact on suc-
cessful completion, we were also able to delineate other
steps (i.e., SPT and AFT) affecting OR efficiency.

Efficiency in the OR is not only increasing case volume,
but also using the same or fewer resources. Given the fixed
nature of resources and the inability to expand owing to
budget and physical plant restrictions, increasing efficiency
is paramount to survival in the modern health care envi-
ronment. Our study provides a guide for efficient utiliza-
tion of resources within a standard OR shift to increase
throughput of primary arthroplasty cases without increas-
ing the budgetary demands by using overtime, extra per-
sonnel or added resources, such as block rooms. While
other strategies, such as block rooms, have been shown to
increase the volume of operations, their role in increasing
efficiency is less clear.’” More importantly, the increased
efficiency requires buy-in from all team members, includ-
ing the anesthesiology team (e.g., the anesthesiologist will
often meet the patient outside the OR during turnover
time, allowing a smooth transition into APT from turn-
over time).

In addition, the benchmarks we developed and the
methods we used to determine them can be spread to
other specialties, such as bariatric and thoracic surgery,
where a step-wise procedure is carried out with high-
volume and predictable pre-, intra- and postoperative pro-
cesses in a given setting. More importantly, the predictors
of success were examined as individual markers, so if all
4 successful benchmarks (APT of 9 min x 4, SPT of
11 min x 4; procedure duration of 66 min x 4; AFT of
4 min X 4; turnaround time of 15 min X 3) were combined,
the 4-joint OR day would be completed in 6.75 hours,
leaving room for unpredictable delays, such as a difficult
induction and/or surgical exposures as well as teaching. By
knowing where the workday is against the benchmarks,
the surgeon can allocate various responsibilities to resi-
dents/fellows and predictably know that the day will finish

Can J Surg, Vol. 58, No. 6, December 2015 a1



RECHERCHE

on time. More importantly, one can better integrate addi-
tional resources (e.g., block rooms, possibly a fifth case) to
maximize efficiency.

The pool of patients eligible for a joint replacement is
not a perfectly homogeneous population, but some trends
are present. We initially intended to include only patients
with an ASA score of 2 or less and a BMI of 35 or less to
allow for successful completion of our 4-joint OR days;
however, this was not an attainable booking strategy as too
high a percentage of arthroplasty patients were excluded
by these restrictions. Whenever possible, these physical
parameters were maintained; however, the incidence of
increased BMI and ASA score was not significantly differ-
ent between successful and unsuccessful days in the data
analyzed for the present study.

Limitations

One of the limitations of our study is that the recording of
the data within the SIMS system was done by different
individuals, potentially introducing variability in the accu-
rate assessment of the different time points. Having said
that, the data were collected in the same fashion for all
cases, consequently minimizing the possible bias in data
gathering. More importantly, all members of the OR team
were unaware that these data would be later analyzed,
making our analysis a real-life assessment and preventing a
Hawthorne effect. Another limitation of our study is the

lack of specialized teams (i.e., anesthesiologists), making
unclear the potential impact of a specialized team on the
various benchmarks. However, because of this lack of spe-
cialized teams, our findings are likely more applicable to a
wider community of surgeons across the country. Hospi-
tals that already have specialized anesthesiology and nurs-
ing teams may be able to more efficiently implement our
benchmarks to ensure successful completion of their lists,
whereas community hospitals in which human resources
are more limited may be able to work toward specialized
teams to make their resources go further. Within that
context, it is unknown whether a minimum number of
joint replacements is required or desired to institute high-
efficiency joint replacement ORs. Finally, the level of
success was set relatively low at 60%; most individuals
and institutions would set higher targets for success at
80%-90%. The low level of success in our study is
because of the relatively small number of cases with an
associated high variability for the different time points.
Having said that, with both groups (successful v. unsuc-
cessful 4-joint ORs) being comparable in regards to pro-
cedure type, BMI and sex, this certainly permitted us to
focus on the surgical workflow, making our findings appli-
cable to most institutions.

Interestingly when looking at the impact of procedure
duration, surgeon D’s average duration did not differ
between successful and unsuccessful days, highlighting
the importance of the team and other time points, such

20

Time, min
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Anesthesiologist

"AFT APT

Fig. 2. Breakdown of average anesthesia preparation time (APT) and anesthesia finishing time (AFT) by anesthesiologist
with number of cases completed in a 4-joint operating room during the study period in brackets beside the identifier.
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as AFT, for the completion of the 4 cases within an
8-hour timeframe. All too often, the surgeon scrubs out
once the wound is closed and goes on to complete other
administrative tasks, which may give the impression that
the “case” is finished and everyone can take a break.
Because the SIMS software did not capture the time of
departure of the surgeon, we cannot analyze the impact
of the surgeon leaving the OR before the patient on
overall room efficiency, but this is a possible next step
for analysis. As our study has shown, completing this task
of exiting the room in an efficient and coordinated man-
ner is as critical as other key aspects of surgical work-
flow. Similarly the importance of specialized teams is
highlighted by the large variability in APT with the
27 anesthesiologists, which contrasts relative grouping of
the mean procedure durations within our surgeon group
(Table 6). Because the number of arthroplasties to be
done per year is capped, it is unlikely that a sufficient
number of cases would be available for all 27 anesthesiol-
ogists to reach the proficiency required. More import-
antly, the benefits of an integrated team approach as well
as the capacity to provide interprofessional feedback and
sustaining the gains in efficiency are lost. The benefits of
dedicated teams of highly specialized individuals who
share a common goal in improving efficiency in ORs,
including academic joint replacement rooms, are well
known®’ and, in turn, permit the maximization of other
workflow efficiency measures, such as block/induction
rooms, which despite requiring increases in physical
resources may permit a greater number of cases to be
performed and the patient selection criteria to be
expanded (e.g., higher BMI).

CONCLUSION

Joint replacement programs are the cause of a large part
of both a hospital’s expenditures and revenue.’ By break-
ing down the delivery of this service in a stepwise fash-
ion, we were able to identify predictive measures to
allow the successful completion of 4 primary joint
replacements in a standard 8-hour OR day. These
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benchmarks can facilitate targeted group interventions
to improve efficiency and provide direct feedback in
regards to individual performances. More importantly,
the presence of dedicated teams will ensure the sustain-
ability of these efforts.
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