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Abstract The expansion of minimally invasive surgery (MIS) in the
Background: The rapid adoption of laparoscopic surgery 1990s, especially the introduction of video laparoscopy, has
since the late 1980s added tremendous complexity into thked to the rapid introduction of an entirely new generation of
operating room (OR) environment. For each case, a plethorequipment into traditional operating rooms (ORs). The un-
of additional equipment—including monitors, video equip- controlled proliferation of monitors, cables, tubing, and
ment, wiring, tubing, and cords—had to be set up, prolong-other equipment housed on large wheeled carts frequently
ing OR turnover time and decreasing OR efficiency. Inoverwhelmed small operating suites that were not designed
1993, the concept of designated minimally invasive surgeryo accommodate these new technologies. This can result in
(MIS) suites was introduced. MIS suites integrated monitoroperative inefficiencies and safety problems for patients and
and video equipment into the OR on ceiling-mounted col-staff [1]. In an effort to address this problem, we designed
umns and moved the controls to a centralized nursing stahe first of a series of MIS suites in 1993. MIS suites inte-
tion. The overall effect of this innovation on OR efficiency grate systems such as power, insufflation gas, and video
has not been measured. connections through central channels. Monitors and devices
Methods:Five RNs with varying degrees of MIS experience such as insufflators, light sources, and electrosurgical gen-
were instructed on video setup and put-away criteria anerators are moved from mobile carts onto ceiling-mounted
then timed while performing a set of standardized taskscolumns. As many controls as possible are moved to a re-
Each set of tasks was performed twice using a standardizedote nursing “control station.” MIS suites are intended to
surgery model. Differences in setup and put-away timegeduce OR clutter, increase safety, prevent technical prob-
between MIS suites and standard ORs were tested using thems, improve the comfort of the OR staff, and enhance the
t-test for paired comparisons. efficiency of the preparation and dismantling of equipment
Results:The mean * standard deviation (SD) video setupbetween cases [2]. These innovations may also improve the
times were 27.9 £ 5.3 sec (MIS) and 254.3 + 54.0 secsafety of more complex laparoscopic procedures.
(standard); the put-away times were 19.8 + 2.7 sec (MIS) Although many MIS suites have been constructed over
and 222.3 + 26.0 sec (standard). The mean difference the past 7 years and are currently being actively marketed to
standard error (SE) in both the setup (226.4 £ 16.93e€,  hospitals by industry [4, 5], the actual effect of this inno-
0.0001) and put-away times (202.5 + 86+ 0.0001) were vation on OR function has not been measured. We used a
large and statistically significant. simulation model to compare the efficiency of a standard
Conclusion: Using a simulation model, we have demon- OR to an MIS suite in terms of setup and takedown of video
strated that the use of a MIS suite reduces video setup aretjuipment.

put-away time significantly, with the potential for signifi-

cant associated cost savings. This provides just one justifi-

cation for the high cost of building such “ORs of the future.” paterials and methods
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Standard ORs at the study site (Legacy Emanuel Hospital, Portland, OR,
USA) are 26 x 26'. For this experiment, a “generic’ OR was selected
based on its central location relative to where traditional video equipment
E— stacks are stored. The MIS suite at our institution, is'ax224’ specifically
Correspondence tol. A. G. Kenyon designated video OR. Three ceiling-based arms or columns are strategi-
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Fig. 2. Floor plan of a traditional OR set up for laparoscopic cholecystec-
tomy.

Fig. 1. An MIS suite.

Results
cally placed to hold monitors and equipment. The design took into con-
sideration economy of movement, especially for the nursing staff, whileFive study sets were completed. Each study set included the
Mment around the OF table. The main calumn s posiioned on the patient S and put-away of video equipment in the traditional
men . . . . .
left. It can support=485 Ib and contains two 13r?onitors, two cam(fras, OR .a.nd the MIS suite. Protocol dEVIat_IOI’lS occurred in the
two light sources, an insufflator, and an electrosurgical unit. Two addi-traditional OR. Two RNs asked to review how to connect
tional columns support large-screen monitors that can be positioned dhe main video cart to the slave cart with the coaxial cable
either the head or foot of the OR table (Fig. 1). and to confirm which line was in use prior to the task. One
RN, while performing the setup task, had difficulty plug-
ging in the coaxial cable. One RN took two main video carts
Study subjects instead of a main cart and a slave cart, which resulted in not
having a coaxial cable to connect. A second subject went to

Five RNs with varying degrees of MIS experience were recruited to par-. ., ; :
ticipate in the study. RNs were chosen over surgical technicians and opr—et”eve the cable off the slave cartin the storage area, which

erating room assistants since they are generally responsible for the setup@fjde‘;I 1 min to her time. Although .th.e RNs were specifi-

video equipment prior to each case. cally instructed not to race, one participant was noted to be
running during her tasks; however, she later explained that
this was her usual speed. Two RNs tossed the video cable

Tasks across the room in a manner that would be extremely hard
on the equipment in a real situation. No protocol deviations

We were interested in comparing the amount of time required to set up angccyrred during the MIS suite tasks.

put away video equipment in the standard OR compared to a MISS. These . -

tasks represent a large component of turnover time for laparoscopic casefs1 The me_an video setup times were 27.9 secs (+5.3) for

at our hospital. The study subjects were briefed on the specific taskin€ MIS suite a_nd 254.3 secs (+54.0) for the standard suite.

required to perform the video setup and put-away procedures. For thd he put-away times were 19.8 secs (+2.7) for the MIS suite

standard OR, the ‘setup’ involved wheeling the main and slave video cartgnd 222.3 secs (+26.0) for the standard OR (Fig. 3). The

;{)‘;rg tlgg ;fgsr?ggi Ca;i‘;‘etgoutthg&z cij”r‘i ‘z:‘g'”Igag‘;’g‘sg‘o‘fﬂpé?]%rlfégs'gcﬁg%rggwean difference in the setup time was 226.4 secs (standard

(Fig. 2). Once the carts were in place, the power supply was plugged int rror (SE) ;L6.9p = 0.0001); and the mean d'ﬁeren(_:e in the

an electrical outlet, the video equipment was turned on, and the two moniput-away time was 202.5 secs (SE §6= 0.0001) (Fig. 4).

tors were connected by coaxial cable. The task was complete when color

bars were seen on both monitors. Put-away criteria for the standard OR

involved a reversal of these steps and ended when both the master and, .

slave carts were returned to the storage area. Setup criteria for the MIBIScussion

suite involved switching on all video equipment and achieving the color

bar test pattern on the monitors. Put-away criteria for the MIS suite in-Using a simulation model to evaluate the time required to

volved switching off the video equipment and pushing the monitors up togat up and dismantle video equipment for video-assisted

the ceiling. . . :

All RNs were instructed not to race, but to set up the equipment as thefurgery' W.e found that .the us_e of a minimally myaswe
would if preparing for a routinely scheduled case. Each set of tasks waSUrgery suite was associated with a decreadede#t mins
performed twice. All tasks were timed by one person using an electronidn performing these procedures compared to a standard OR.
stopwatch. The explosion of laparoscopic surgery in the late 1980s

added tremendous complexity to the OR environment. Lap-
aroscopic procedures introduced surgeons to a whole array

Statistical analysis of equipment that had previously been absent from the OR

_ _ _ [1]. Suddenly, large heavy carts containing video equip-
Estimates of the time required to perform each task were expressed i

terms of mean and standard deviation (SD). Mean differences in setup a .en.t_lr.]dUd'ng monitors, cameras, |_|ght sogrces, carbon
put-away times between MIS suites and standard ORs were tested using tfdOXide insufflators, and documentation devices such as
t-test for paired comparisons. videocassette recorders and printers—were wheeled into
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. 2543 ing minimally invasive procedures. The MIS OR concept

2223 first emerged in the early 1990s [5, 7]. The initial endosuite
was essentially a traditional OR outfitted with a cartlike
structure suspended from the ceiling. Nevertheless, it was
aMis considered to be a breakthrough in design.

B Generic The MIS suite concept has several critical design ele-
ments. Integrating the monitors and other video-assisted
surgical equipment on three ceiling-mounted columns from
the ceiling eliminated heavy instrument carts. The main
column supports two independent video systems; monitors;

Setup Put away an insufflation, suction and irrigation system; and cautery
Fig. 3. Mean video setup and put-away times (in seconds) for a generiélevices. The secondary video systems provide a backup
OR and an MIS suite. system and allow dual viewing of concurrent video proce-

dures (such as simultaneous choledochoscopy and laparos-
copy, or thoracoscopy and laparoscopy). Columns that al-

300 low vertical and horizontal movement support the accessory
p=0.0001 monitors, permitting comfortable viewing around the surgi-
250 cal field (Fig. 1). Restricting documentation equipment and
p=0.0001 other controls to the circulating nurse’s control station allow
200 it to be removed from the surgical field.
Other investigators have reported on various advantages
150 [ Set-up of MIS suites [6], but this is the first study that we know of
M Put-awa that has tried to quantify the time saving that can result from
100 using an MIS suite. Although this experiment simulated the
process of OR preparation instead of measuring times from
actual cases, we believe that our findings are valid. We
50 approached the assessment of task times in a systematic
manner, to minimize the effect of variations in the myriad
0 other factors that would impact efficiency in a real-world

Fig. 4. Mean difference in video setup and put-away times (in seconds)situation. All tasks were performed on the same day by the
between a generic OR and an MIS suite. same subjects and were timed by the same investigator. A
single person instructed all subjects in the task components.

ORs. The performance of more complex procedures re- There are some limitations to this study that may affect
quired the addition of a slave cart, which contained an adhow our findings are interpreted. Because we used a simu-
ditional monitor with a coaxial video connection to the lap- lation, the time savings we measured may not be directly
aroscopic camera. The usual result was a tangle of delicatéanslatable into the occurrences in a typical OR day. Be-
wiring, electrical cords, foot pedals, and suction and irriga-cause a conventional OR may be used for several MIS pro-
tion tubing that was draped haphazardly in and around théedures in a row, there may not be a large number of video
surgical field. Cables were subject to damage from footsetup and put-away procedures over the course of the day
traffic and the movement of carts and patient stretchers. Theince the equipment could possibly stay in the room. Al-
carts created a large footprint, interfering with movementthough all study participants were cautioned to perform the
around the OR and obstructing access to the patient. tasks in their usual fashion, they may have modified their

Problems with this ad hoc approach to outfitting an ORactivities so that the procedure times were not representative
for laparoscopic procedures quickly became apparent. Thef usual practice. The study subjects knew that their tasks
inability to place video monitors in the direct sight line of were being timed, but they were not explicitly told that the
surgeons and OR personnel is known to increase fatigue [3]bject of the experiment was to compare the setup and
and also has the potential to increase surgical errors. put-away times between the two types of suites.
emergencies should arise, access to the patient by the an- The era of minimally invasive surgery has introduced a
esthesiologist and OR staff is suboptimal. Patient safetmew gold standard for many surgical procedures tradition-
may be further compromised because equipment controlglly performed via an open approach. The possibility of
are frequently near the sterile field, making it difficult for increased costs due to new technology and OR inefficiency
the nursing staff to access controls in a timely and sterileés of concern. Like other structures and processes involved
manner. Traveling video carts require extra time to set up ain delivering MIS services, OR suite design will also have
the start of a case and require frequent troubleshootingo adapt to the demands of changing technologies. We be-
Standard carts are also heavy and awkward to move, whicleve that MIS suites will become the new gold standard for
may lead to injury to OR personnel. Finally, the time spentoperating rooms supporting video-guided surgery. This
setting up for routine video procedures affects the flow ofstudy has demonstrated that MIS suites can reduce video
the OR schedule and adds to the turnover time, decreasirsggtup and put-away times significantly. The potential for
overall OR efficiency. significant associated cost savings, improved staffing pro-

In an attempt to address this problem, we developed thductivity, and increasing OR efficiency provides just one
concept of surgical suites specifically designed for perform4justification for building these “ORs of the future.”
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