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Background:  The  objective  of  this  study  was  to contribute  to an  OR  efficiency  optimisation  effort  by
comparing  a trauma  OR versus  a scheduled  surgery  OR in a  lower  limb  orthopaedic  surgery  department.
Hypothesis:  The  main  hypothesis  is that efficiency  is  lower  in  the  trauma  OR  than  in  the  scheduled  surgery
OR.  The  secondary  hypothesis  is that  efficiency  of  the  trauma  OR  is lower  during  weekends.
Material  and methods:  This  prospective  study  was  conducted  in  2016  in  the  orthopaedic  surgery  depart-
ment  of a university  hospital.  Patients  were  divided  into  three  groups  based  on  whether  they  underwent
scheduled  surgery  (SchOS),  trauma  surgery  on  a weekday  (TSwk),  or  trauma  surgery  on  a  weekend
(TSwkend).  Actual  OR  occupancy  time,  allocated  OR  block  time  (BT),  OR occupancy  rate,  patient  entrance-
to-incision  time,  incision-to-closure  time,  closure-to-post-anaesthesia  care  unit (PACU)  entrance  time,
and clean-up/set-up  time  (T4)  were  measured.
Results: We included  691  patients  in  the  SchOS group,  819  in the  TSwk  group,  and  327  in  the  TSwkend
group.  OR  efficiency  was  lower  in the  TSwk  group  compared  to the  SchOS  group  (occupancy  rate,  86%  vs.
88%;  p =  10−4). All  occupancy  time  components  were  longer  in the  TSwk  group.  However,  each  component
accounted  for  similar  total  occupancy  time  proportions  in the  two  groups,  except  for  clean-up/set-up
time,  which  was longer  in  the  TSwk  group  (p  <  0.05).  On  average,  entrance-to-incision  time  accounted  for
31%, incision-to-closure  time  for 34%,  closure-to-PACU  time  for  18%,  and  clean-up/set-up  time  for  17%
of  total  occupancy  time.  Efficiency  was  lower  in  the  TSwkend  group  than  in  the TSwk  group  (occupancy
rate,  75%  vs.  86%;  p =  10−4). The  TSwkend  group  had  shorter  entrance-to-incision  and  incision-to-closure
times (p <  0.05)  and  a nearly  10%  longer  clean-up/set-up  time  (p <  0.05).
Conclusion:  Efficiency  of  the  trauma  OR,  although  lower  compared  to  the  scheduled  orthopaedic  surgery

OR, was  nevertheless  satisfactory  as  assessed  based  on  standard  indicators.  Of  the  four  total  occupancy
time  components,  the  first three  accounted  for similar  proportions  of  the  total;  differences  occurred  only
for clean-up/set-up  time.  Efforts  to  improve  OR efficiency  should  focus  on  arrival  of  the first  patient  and
turnover  time.
Level of evidence:  II, prospective  cohort  study.

©  2018  Published  by Elsevier  Masson  SAS.
. Introduction

In France, the National Hospital Expert Assessment and Audit
gency (mission nationale d’expertise et d’audit hospitalier,

EAH) developed operating room (OR) efficiency indicators about

 decade ago, based on work by Strum et al. [1]. These indicators
rovide a detailed picture of the times during which an OR is
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used for specific activities, thus identifying areas for improvement
and allowing the implementation and evaluation of optimisation
measures [2]. Our everyday practice suggests considerably lower
efficiency of trauma ORs compared to scheduled surgery ORs in
orthopaedic departments.

The objective of this study was to contribute to an OR efficiency
optimisation effort by comparing a trauma OR and a scheduled

surgery OR in a lower limb orthopaedic surgery department. The
main hypothesis was  that efficiency was lower in the trauma OR
than in the scheduled surgery OR. The secondary hypothesis was
that efficiency of the trauma OR was  lower during weekends.

https://doi.org/10.1016/j.otsr.2018.10.019
http://www.sciencedirect.com/science/journal/18770568
http://www.elsevier.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2018.10.019&domain=pdf
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. Material and methods

A prospective study was conducted in 2016 in our department of
rauma and orthopaedic surgery of the lower limb. As orthopaedic
urgery is becoming increasingly specialised, our university hos-
ital has created two different orthopaedic surgery departments,
ne for the lower limb and the other for the upper limb. Each of
hese two departments has dedicated ORs for trauma surgery and
or scheduled surgery. We  included patients who underwent lower
imb surgery in the trauma OR or in the scheduled surgery OR with
he longest block times.

Patients were divided into three groups based on whether they
nderwent scheduled orthopaedic surgery (SchOS), trauma surgery
n a weekday (TSwk), or trauma surgery on a weekend (TSwkend).
he block times extended from 7:30 am to 6:30 pm in the SchOS and
Swk groups. At other times, only emergency ORs were available.
n weekends and holidays, an emergency OR was available around

he clock; this room was used for the patients in the TSwkend group.
Time data for each surgical procedure were collected from the

R log forms and entered into Dxcare
®

software (Medasys, Le
lessis Robinson, France). During each procedure, the circulating
urse entered the following data into the OR log form: clean-up/set-
p time, time of patient entrance, time of anaesthesia induction,
ime of the incision, time of wound closure, wound dressing time,
nd time of patient exit. These data then served to compute the OR
fficiency indicators. We  excluded patients who were moved from
ne OR to another during the same procedure and those who had

urgery off hours, when staff numbers were lower.

We determined the first case start time and the time of the first
ncision. The following MEAH core indicators and patient process-
ng indicators were computed (Fig. 1):

Fig. 1. Definition of tota

able 1
ean values of the operating room efficiency indicators.

Scheduled surgery
n = 691

Block time 8h26 ± 2h24 

Total  OR occupancy time 2h17 ± 1h13 

Occupancy rate 88.4% ± 7% 

Time  of first patient arrival 7h32 ± 0h15 

Incision of first patient 08h33 ± 0h18 

Entrance-to-incision time 0h46 ± 0h19 

Incision-to-closure time 01h05 ± 0h55 

Closure-to-PACU time 0h27 ± 0h44 

Clean-up/set-up time 0h17 ± 0h25 

Readiness-to-entrance time 0h27 ± 0h25 

R: operating room; PACU: post-anaesthesia care unit.
: Surgery & Research 105 (2019) 179–183

• total occupancy time, as the time between patient entrance into
the OR and the end of clean-up and set-up for the next patient;

• allocated block time (BT), as the time from entrance of the first
patient to exit of the last patient;

• OR occupancy rate, as the total of the occupancy times for all
patients divided by the block time;

• entrance-to-incision time, as the time required, after patient
entrance, for anaesthesia induction, patient installation, and
draping in preparation for surgery;

• incision-to-closure time, as the duration of the surgical proce-
dure;

• closure-to-post-anaesthesia care unit (PACU) entrance time, as
the time needed, after wound closure, to fashion the dressing,
transfer the patient from the table, and move the patient out of
the OR and into the PACU;

• clean-up and set-up time needed to ready the OR for the next
patient;

• and readiness-to-entrance time (T5), as the time between the end
of clean-up/set-up and entrance of the next patient.

The statistical analyses were performed using SPSS software
(IBM, Armonk, NY, USA). Student’s t test was applied to compare
the SchOS and TSwk groups and the TSwk and TSwkend groups.
3. Results

We  included 691 patients in the SchOS group, 819 in the TSwk
group, and 327 in the TSwkend group. Table 1 reports the results.

l occupancy time.

Trauma surgery on weekdays
n = 819

Trauma surgery on weekends
n = 327

9h47 ± 1h38 10h55 ± 4h09
2h43 ± 1h38 2h11 ± 1h03
85.6% ± 8% 75.7% ± 15%

08h11 ± 0h45 09h05 ± 0h49
09h16 ± 0h48 10h11 ± 0h51

0h55 ± 0h21 0h39 ± 2h03
1h14 ± 1h42 0h42 ± 2h06
0h36 ± 1h11 0h31 ± 01h17
0h28 ± 0h25 0h58 ± 1h08
0h40 ± 0h26 1h11 ± 1h16
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.1. Comparison of the scheduled surgery (SchOS) and weekday
rauma surgery (TSwk) groups

The OR occupancy rate was 2.8% lower in the TSwk group than in
he SchOS group (p = 10−4). The OR occupancy time for each patient
as significantly higher in the TSwk group than in the SchOS group.

his increase started with the first patient, who arrived 38 minutes
ater after the operating room opening time in the TSwk group than
n the SchOS group (p = 10−4).

The breakdown of total OR occupancy time, expressed as per-
entages, was as follows (Fig. 2): entrance-to-incision time, 32.2% in
he SchOS group and 31.9% in the TSwk group (p = 0.933); incision-
o-closure time, 37.4% in the SchOS group and 36.8% in the TSwk
roup (p = 0.247); closure-to-PACU time, 17.6% in the SchOS group
nd 18.2% in the TSwk group (p = 0.329); and clean-up/set-up time,
2.7% in the SchOS group and 15.1% in the TSwk group (p = 10−4).
he readiness-to-entrance time was 13 minutes longer in the TSwk
roup than in the SchOS group.

.2. Comparison of the weekday (TSwk) and weekend (TSwkend)
rauma surgery groups

The occupancy rate was 9.9% lower in the TSwkend group than
n the TSwk group (p = 10−4). The entrance-to-incision and incision-
o-closure times were shorter in the TSwkend group, whereas the
losure-to-PACU time was similar in the two groups. The lower
ccupancy rate in the TSwkend group was related to a 31-minute
onger readiness-to-entrance time (p = 10−4). First case start time

as nearly 1 hour later in the TSwkend group than in the TSwk
roup (p = 10−4).

The breakdown of total OR occupancy time, expressed as per-
entages, was as follows: entrance-to-incision time, 28.8% in the
Swkend group and 31.9% in the TSwk group (p = 10−4); incision-
o-closure time, 27.6% in the TSwkend group and 36.8% in the
Swk group (p = 10−4); closure-to-PACU time, 19.2% in the TSwkend
roup and 18.2% in the TSwk group (p = 0.411); and clean-up/set-
p time, 24.3% in the TSwkend group and 15.1% in the TSwk group
p = 10−4). Readiness-to-entrance time was 31 minutes longer in
he TSwkend group than in the TSwk group (p = 10−4).

. Discussion

Although lower than for the scheduled surgery OR, efficiency
f the trauma OR was acceptable as assessed using standard indi-
ators. The most widely stated objective is an occupancy rate of
t least 80%. The lower efficiency of the trauma OR on weekends
ompared to weekdays was due to a 31-minute longer time from
R readiness to next patient entrance. All the components of total
R occupancy time were longer for the trauma OR: first case start
as later and the times needed for induction, surgery, patient exit,

nd entrance of the next patient after clean-up/set-up were sig-
ificantly longer. Nevertheless, when expressed as a percentage of
otal occupancy time, each of these components was similar across

he groups, perhaps due to factors related to the complexity of
he surgical procedures. On average, entrance-to-incision time was
1%, incision-to-closure time 34%, closure-to-PACU time 18%, and
lean-up/set-up time 17% of the total occupancy time.

Fig. 2. Distribution of the components of tot
: Surgery & Research 105 (2019) 179–183 181

Trauma surgery is performed on an emergency basis and the
required organisational resources are therefore more difficult to
predict. The result is a risk of flaws in preparation or coordination
that may  translate into time being wasted or friction developing
among teams [3]. The main source of such flaws is faulty com-
munication, for instance regarding the order of the patients, the
equipment used, or the type of installation [4–7]. Each trauma OR
in our department has a display board that shows the identities of
the patients awaiting surgery, as well as their ward, their diagnosis,
and the equipment needed for their procedure.

The order of patients on a given day is determined by the sur-
geon who  was  on duty the night before, in order to facilitate good
organisation. Nevertheless, transfer of the first patient to the OR
may be delayed due, for instance, to the anaesthesiologist visit not
yet having been performed or to the required equipment not yet
being available.

4.1. Patient arrival

In our study, the incision was  performed 42 minutes later in the
trauma patients compared to the patients undergoing scheduled
surgery. Thus, despite our organisational efforts, the first case start-
time remained suboptimal. Any delay in the first case start time
delays all the other procedures scheduled for the same day.

We believe that many measures can be taken to optimise the
first case start time:

• the best patient to be the first case of the day should be correctly
identified;

• the OR start time should be clearly defined and written in the OR
policy statement;

• coordination between all staff members involved in carrying out
the first procedure should be optimised;

• limiting resources should be taken into account (e.g., an orderly
cannot transfer two  patients at the same time) and;

• awareness should be raised among OR staff members about the
need to follow the rules for the morning OR start.

Causes of delays, which may  be multifactorial, can then be iden-
tified, either with the goal of making adjustments or to determine
the steps that should be taken when the rules are not followed.

4.2. Induction

Trauma patients are potentially more vulnerable, as they are
usually elderly and/or have multiple injuries. The anaesthesia may
therefore be longer and more difficult to perform (spinal anaesthe-
sia, multimodal anaesthesia, or patient coming from the intensive
care unit). Furthermore, patient installation may  require greater
caution or be more complex (en-bloc transfer, traction table, or
prone position).

Both the induction and the installation times have become
longer over the years, in part due to safety considerations (moni-
toring, bispectral index, multiple venous lines), efforts to maximise

patient comfort (peri-nervous anaesthesia, installation), and the
use of various pieces of equipment (arthroscopic or minimally inva-
sive surgery, radiography devices) [8]. Completing a preoperative
checklist does not influence any of these preliminary steps and has

al occupancy time in the three groups.
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een shown to decrease organisational problems [9], as well as the
isk of complications [10].

The entrance-to-incision time was similar in all the groups (32%
f total occupancy time) and was about the same as the incision-
o-closure time (35%). The entrance-to-incision time was  25% in a
tudy by Madni et al. of a burn centre OR [11] and 23% in a heart
urgery study by Luthra et al. [12].

The entrance-to-incision time, also known as the knife-to-skin
ime [12] has been used as a marker of OR efficiency. Analysing the
arious events that occur between patient entrance and the incision
ay lead to management improvements associated with a shorter

ntrance-to-incision time [13,14]. Choices regarding the anaesthe-
ia protocol have a non-negligible effect on streamlining patient
ow from one step to the next of the surgical pathway. A number
f factors deserve to be considered. More specifically, availability of

 pre-induction room may  allow certain tasks to be predicted and
ome types of induction (e.g., local and regional anaesthesia) to be
erformed during OR clean-up and set-up.

.3. Operative time (incision-to-closure time)

Prediction of the incision-to-closure time may  be less accurate
n trauma than in scheduled orthopaedic surgery, given the higher
ikelihood of unexpected difficulties during the procedure and or
rrors in the material prepared. Underestimation of the incision-to-
losure time results in the next patient’s procedure being delayed,
hereas on-time procedures are the rule in scheduled orthopaedic

urgery.
The incision-to-closure time (procedure time, operative time) is

he parameter most widely criticised by OR staff members [12,15].
n our study, the incision-to-closure time accounted for less than
alf of the total OR occupancy time.

It has been suggested that trauma ORs should be staffed by ded-
cated trauma surgery teams to improve both patient management
nd OR management [16,17]. This practice occurs in some countries
ut is rare in France [18].

.4. Anticipate preparation of the material

The resources, particularly the material, needed for each proce-
ure must be identified. Correctly forecasting material preparation
equirements contributes to streamline the surgical programme.
nsuring practice uniformity also facilitates preparation of the
aterial and management of the inventory.

.5. Patient exit

When possible, patients should be awoken in the PACU rather
han in the OR in order to free up the OR sooner, thus allowing the
ext procedure to start earlier.

.5.1. Turnover (patient out of room to next patient in room)

.5.1.1. Optimise biocleaning. Biocleaning between two procedures
ust be carried out by staff identified according to protocols val-

dated by the hospital’s nosocomial infection control committee,
ccording to the needs of each surgical speciality and each type
f procedure. The clean-up/set-up time between two procedures
hould be evaluated regularly to identify any differences compared
o predictions, which may  translate into programme delays and
onger patient waiting times [19].
.5.1.2. Calling the next patient. Stringent regulation improves the
ow from one procedure to the next and increases the OR occu-
ancy time. The regulator must be able to monitor the progress of
he programme in the various ORs in real time.
: Surgery & Research 105 (2019) 179–183

4.5.1.3. Patient transport. Optimal patient transport by the hospital
orderlies improves patient flow, particularly during periods of peak
activity, i.e., usually at the start of the day or around noon. Reap-
praisals may  be in order to evaluate orderly assignments depending
on peak activity times, as well as orderly call modalities. Optimis-
ing the organisation of patient transport can decrease the patient
waiting times at OR entrance and exit. Having the patients walk
to the OR when possible for scheduled surgery, particularly at the
upper limb, is effective and optimises the use of orderly time [20].

Failure to call and transport the next patient in time increases
the gap between two  surgical procedures. The procedures normally
performed in the pre-induction room (local and regional anaesthe-
sia, intravascular line placement) are then performed in the OR. The
result is an increase in surgeon idling time, as well as in total OR
occupancy time, with no decrease in occupancy rate. This form of
dysfunction is therefore not clearly captured by the standard OR
efficiency indicators.

Involvement of the medical and non-medical staff affects the
efficiency of trauma OR utilization. In contrast to scheduled surgery,
trauma surgery is performed without a pre-planned programme
and the staff may  therefore be less attentive to streamlining con-
nections between sequences, particularly as the trauma OR is open
around the clock and the staffs works in shifts.

Thus, each of the occupancy time components is longer in
trauma surgery than in scheduled surgery. Nevertheless, in rela-
tive terms, OR occupancy percentages differ little between these
two types of OR.

The main points amenable to efficiency improvements are on-
time arrival of the first patient and the entrance-to-incision time.
During weekends, the time from OR readiness-to-entrance of the
next patient should be optimised to maximise OR utilisation. To
ensure that the first trauma patient arrives at the OR on time, we
believe the best approach consists in using the same method as
for scheduled surgery ORs. Thus, the request for first patient trans-
port to the OR should be entered into the software on the previous
evening by the nurse on duty, according to the choice made by the
surgeon and in agreement with the anaesthesiologist. If the order of
the patients must be changed (for instance because of a diaphyseal
fracture in a patient admitted during the night), the surgeon can
make a request to the nurse who  can then change the order, plan
the transport of the new patient, and inform the anaesthesiologist
that the patient requires a preoperative visit.

Thus, all those involved are informed of the characteristics of the
first patient and can check that no component has been overlooked
(e.g., blood tests, material, preoperative computed tomography).
Patient transport to the OR can then be reliably ensured.

By making this information available and training the surgical
teams, practices can be improved in a way  that increases efficiency
and patient management in both trauma and scheduled surgery
[19].

5. Conclusion

Efficiency of the trauma OR was lower compared to the sched-
uled surgery OR but was  nevertheless satisfactory, with a greater
than 80% occupancy rate. Although each component of the occu-
pancy time was  longer in trauma surgery, the proportion of the
occupancy time contributed by each component was similar across
groups. Efforts to improve efficiency may  need to focus on start-
ing the first case on time and on shortening the time from OR
readiness-to-entrance of the next patient.
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