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T
he clutter of equipment and lines in today’s operating room (OR) is increasing. This problem may pre-

sent unnecessary hazards to traffic and adversely affect the performance of the surgical team.

Endoscopic surgery is particularly affected by this problem because it requires additional equipment.

This study offers surgeons’ views about OR crowding and provides a detailed summary of the distribution of

furniture, equipment, cables, and tubes during open and laparoscopic operations. We prospectively studied

an unselected series of general surgical open (OP, n=10) and laparoscopic (LAP, n=10) operations performed

at a major university teaching hospital. 
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We recorded the location of all fur-
niture and equipment as well as the
source, course, and destination of all
cables and tubes in the OR. Cables and
tubes touching the surgeon or assistant
were noted. Results are expressed as
median values for each group. Surgeons
enjoyed laparoscopic operations less
and felt they were more complex and
time-consuming to set up and com-
plete. A majority of surgeons believed
that their work was more hampered by
cables and tubes during laparoscopic

surgery than during open surgery. We
observed that a total of 39% of the OR
space is occupied (LAP 41% vs. OP
36%, p<0.002) by furniture (23%),
equipment (7%), and persons (8%).
There was a median of 31.5 cables and
tubes present during each operation
(LAP 34 vs. OP 27, p<0.0002) with a
median of 4.5 of these lines (LAP 6 vs.
OP 2, p<0.0003) touching a member
of the surgical team. We conclude that
today’s OR is characterized by signifi-
cant crowding from furniture, equip-

ment, and a multitude of cables and
tubes. This problem is worse during
laparoscopic operations due to the
increase in equipment. Innovative
designs will be needed to reduce clutter
in the OR of the future.

INTRODUCTION

The advent of endoscopic surgery
has brought with it an increased amount
of equipment in the operating room.1

This equipment–video cameras, light
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sources, insufflators, suction/irrigation
devices, and other instruments needed
to perform minimally invasive proce-
dures–takes up additional space in an
already crowded OR environment (Fig.
1).2 Laparoscopic operations are also
afflicted with an increased number of
tubes and cables connecting the equip-
ment to power and vacuum sources as
well as to the operating field. The haz-
ards of a multitude of cables in crowded
ORs have been discussed by other
authors.3,4 Thus during laparoscopic
surgery, surgeons and other members
of the operating team find themselves
working in an increasingly cramped
space with a limited ability to arrange
the OR layout to their needs. In sum-
mary, laparoscopic operations highlight
the need to eliminate today’s clutter of
equipment and lines in future OR
designs.

One of the important concepts
underlying OR layouts over the last 50
years has been the need for each OR to
be used for different types of opera-
tions.5,6 Thus the ability to move equip-
ment in and out of the room has been
important since different surgical spe-
cialties require substantially different
equipment and instruments. The result
is that today’s OR is basically a rectangu-
lar “shell” with sources of medical
gasses, electrical power, and suction.7

Universally used equipment such as ceil-
ing lights have been incorporated in all
rooms, but all other equipment items
remain moveable. While this OR
arrangement does yield flexibility in
room use, it results in the constant need
to move equipment in and out of rooms
between operations. A second disadvan-
tage of this “universal” OR layout is the
need to maintain a number of frequently
used items (electrocautery, suctions,
canisters, intravenous poles, patient
warmers) in the workspace of the team,
instead of in a constant and out-of-the-
way locations. Every piece of equipment
in the OR requires at least one input and
output line (and frequently more than
one) for its use; hence its presence in
the middle of the OR adds to the num-
ber of cables and tubes carried across
the OR floor to the surgical field.

The advent of minimally invasive
surgery has resulted in different surgical
specialties now having many 

 

similar
equipment needs. Many different surgi-
cal procedures are now carried out with
similar video-endoscopic imaging tech-
niques and halogen light sources.
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Figure 1. Intraoperative photograph of a laparoscopic operation demonstrating the accessory equipment
needed for this type of surgery.

 

Table 1. Types of operations observed

 

Laparoscopic .................................n Open..............................................n
Cholecystectomy...........................5 Resect mesenteric tumor ..............1
Fundoplication ...............................4 Colostomy closure.........................1
Lymphadenectomy........................1 Hepatic resection...........................2

Colectomy .....................................1
Exploratory laparotomy .................1
Cystgastrostomy............................1
Ileostomy closure ..........................1
Pancreaticoduodenectomy............1
Resection abdominal mass ...........1

Total............................................10 10
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Surgical exposure is now universally
obtained with gas or liquid insufflation.
This means that this equipment can be
considered standard for minimally inva-
sive surgery in different specialties.
Thus tomorrow’s minimally invasive
OR could accommodate orthopaedic,
general surgical, urologic, gynecologi-
cal, and other endoscopic surgical pro-
cedures by using much of the same
equipment. This concept forms the
basis for an “endosuite”8 which incorpo-
rates this standard endoscopic support
equipment in the OR in such a way as
not to increase the crowding and line
tangling about the surgical team.

OR design has traditionally been car-

ried out by a team of architects, engi-
neers, hospital administrators, and
microbiologists.9,10 Adaptation of OR
design to the rapid technological
changes in the field of surgery and their
impact on the patient, operating team,
and hospital costs can best be carried
out with direct involvement by sur-
geons in the design process. By focusing
the OR layout and equipment design on
the surgical task, the surgeon can pro-
vide critical input to allow engineers,
architects, and administrators to tailor
OR design for the most efficient use
and best patient care.11 Without this
involvement, we run the risk of simply
adding technology to an unplanned sur-

gical theater with resultant overcrowd-
ing, personnel hazards, and difficulty
incorporating useful new equipment
into the practice of surgery.12

The present article presents sur-
geons’ perceptions of the OR environ-
ment during laparoscopic surgery as
well as an objective assessment of the
state of crowding in today’s OR.

HISTORICAL BACKGROUND

While the history of surgery is as
old as the human race, the develop-
ment of a specific place for the perfor-
mance of operations is relatively new.13

For most of surgical history, operations
were performed in the nearest available
and convenient space, frequently the
battlefield or peoples’ homes.13 In the
19th century, operating theaters were
first designed in the pattern of the clas-
sical Greek theater with rising tiers of
curved seating. In the 20th century, for
reasons of hygiene and construction
efficiency, the theater design gradually
gave way to the square or rectangular
OR we know today.6 Alternative
designs of nearly every imaginable
shape have been used to improve OR
function, but none appears to hold any
real advantage over the square or rec-
tangle.11 The modern OR in the United

Figure 2. Sample drawings from two observed operations (a: Laparoscopic; b: Open) Individual items are accurately located in the operating room, although
the drawings are not made to scale. Note the visibly increased crowding and number of cables and tubes in the laparoscopic operation.

Table 2. Questionnaire response comparing
laparoscopic to open operations

Greater
than open

Overall enjoyment 39%
Overall complexity of setting up and completing 75%
Amount of work and effort in setting up and completing 71%
Time to set up and complete 57%
Number of cables and tubes 100%
Number of pieces of equipment 100%
Degree of restriction on your performance by cables and tubes 57%
Degree of restriction on your performance by equipment 64%
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States consists of a square or rectangle
of at least 400 sq ft with wall or ceiling
sources of medial gasses, electrical
power, and suction.10,14 However, the
limitation of current OR design is that
it is an expression of traditional think-
ing rather than the result of a study of
function.6 Where the designs incorpo-
rate ideas ahead of current practice, the
advance is at best piecemeal leading to
a lack of uniformity in projected design
requirements for the future and ultimate-
ly a financial hesitancy to seek out and
incorporate needed improvements.6,11

METHODS

Questionnaire
A questionnaire was handed out to

28 general surgeons and residents ask-
ing them to compare the impact of
laparoscopic operations on the OR
environment to open operations.
Responses were graded on an ordinal
scale of 1, 2, 3, 4, or 5 and divided
into two groups for each question: (A)
“greater than” (4 and 5) and (B) “equal
or less than” (1, 2, and 3). The per-
centage of responses fal l ing into
groups A or B for each question was
tallied. 

Study of OR Space Occupancy
Ten laparoscopic and 10 open gen-

eral surgical operations (Table 1) were
recorded by a single observer (AA)
over a six-month per iod at the
University of California Davis Medical
Center to analyze the impact of newer
equipment-intensive laparoscopic
operations on OR crowding. A special-
ly designed data sheet was used to
record the location and size of all fur-
niture and equipment items as well as
the number, source, course, and desti-

nation of all cables and tubes in the
OR. A drawing of the OR layout was
used to correlate numerical data with
the actual OR layout (Fig. 2).

Group data is reported as the median
and inter-quartile range (IQR) to pro-
vide a measure of central tendency in the
absence of a Gaussian distribution.
Statistical comparison of laparoscopic
and open operation subgroups was per-
formed using the Mann–Whitney U-test
with significance defined at the p<0.01
level using an Apple Macintosh IIs with
Stat-View software (version 4.1).

RESULTS

Questionnaire
The results of the questionnaire are

summarized in Table 2. Only 39% of
surgeons enjoyed laparoscopic opera-
tions more than open surgery. All
respondents felt laparoscopic surgery
was attended by more tubes, cables,
and equipment than open surgery,
although they could not quantify the
increase. Three-fourths of the respon-
dents believed that laparoscopic opera-
tions were more complex to set up and
required more effort to complete.
More than half of the respondents also
considered that there is a greater degree
of restriction on the surgeon’s perfor-
mance placed by cables, tubes, and
equipment (17% stipulated that this
was caused in part by a lack of standard-
ization). 

OR Space Occupancy
The relationship between OR size

and the percent of OR area occupied by
persons, furniture, and equipment for
the 10 laparoscopic and 10 open opera-
tions is depicted in Figure 3.
Laparoscopic and open operations were

carried out in operating rooms of simi-
lar square footage (398 vs. 416 sq ft,
p=NS, Table 3) and were attended by a
similar number of OR personnel (8 vs.
9 people, p=NS). During laparoscopic
operations, the percentage of the OR
occupied by furniture, equipment, and
persons increased significantly from
36% to 41% (p<0.002). Laparoscopic
operations also resulted in an increase
in the total number of cables and tubes
in the OR from 27 to 34 (p<0.0002).
There was a threefold increase in the
number of cables and tubes that
touched a member of the operative
team during laparoscopic surgery (6 vs.
2, p<0.0003).

DISCUSSION

The generally enthusiastic press
reports about laparoscopic surgery cre-
ate the impression that problems of OR
layout and equipment design are not a
significant concern to surgeons. The
results of our questionnaire challenge
this notion and undoubtedly demon-
strate that surgeons consider laparo-
scopic operations to be more difficult to
set up for and more complex to per-
form than open operations. We also
found that the majority of surgeons
questioned felt that the increased
amount of equipment and the attendant
cables and tubes do limit their perfor-
mance during laparoscopic surgery.
Thus it is not surprising that only 39%
of respondents enjoy laparoscopic
surgery more than open surgery. We
consider these findings to have signifi-
cant implications for those involved
with OR and equipment design.
Surgeons need to be more vocal about
problems in the OR environment that
affect their work and demand that
architects and engineers respond to
their needs. 

Although much has been written
about proper OR design4,11,14,15 there is
little or no objective information about
the degree of crowding or line tangling
in today’s surgical suite. Our study
provides the first measure of these
problems and the degree to which
laparoscopic operations have increased
them. This information is important as
a baseline for comparison with future
OR layouts. Our objective results are
consistent with the responses to the
questionnaire. Today’s OR has approx-
imately 40% of the floor space occu-
pied and the remaining free space is

Table 3. Operating room clutter in laparoscopic and open operations

Laparoscopy Open 
(n=10) (n=10)
Median IQR* Median IQR* p

Area (sq ft) 398 41 416 82 NS

Persons 8 1 8.5 3 NS

Total % area occupied 41 4.6 35.7 6.7 .002

Total cables and tubes 34 3 27 2 .0002

Cables and tubes touching
surgeon or assistant 6 2 2 2 .0003

 

*IQR= Inter-quartile range
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crisscrossed by over 30 cables and
tubes coursing from the wall, ceiling,
and equipment towards the operative
field. Laparoscopic operations have
significantly increased the number of
equipment items, cables, and tubes
surrounding the surgeon, including
those that actually touch a member of
the operating team. These findings
explain why the surgeons surveyed in
our study considered that their move-
ment was more restricted by these
items during laparoscopic operations.
We did not assess the effect of the OR
layouts on the performance of the sur-
geon or the surgical team in this study.
It seems clear, however, that the
crowding and number of lines present
in the immediate vicinity of the oper-
ating table presents an obstruction to
equipment movement, a potential haz-
ard to personnel, and an increasing
impediment to the surgeon’s work. If
the current situation is not addressed,
the crowding and inefficient use of
space in the OR may hamper the
future incorporation of new technolo-
gy into surgical procedures. 

The problems of inefficient OR lay-
outs have been addressed by a number
of authors.6,7,11,16 Several solutions have

been proposed to reduce equipment
crowding and lines crossing the floor in
the OR.17 Tubing and cables can origi-
nate from the ceiling or a ceiling-
mounted column; they can be carried
to the operating field by a wall-mount-
ed boom; they can traverse the floor in
a single path; or they can originate from
a central location (floor or plinth).
Ceiling-mounted columns have become
the most popular method of providing
the above needs in the OR and in some
emergency rooms18 because they allow
the unobstructed movement of person-
nel around the patient. However, ceil-
ing-mounted columns offer only a
par tial solution to the problem of
obstructing cables and tubes in the OR
because these devices mainly provide
connections to the anesthesia machine
leaving the electrical and suction lines
to the surgical field coursing through
the air and across the floor. 

One of the most innovative solutions
to the problem of equipment crowding
and line tangling in laparoscopic opera-
tions is to mount all major equipment
components on ceiling mounted move-
able arms or tracks so that they can be
conveniently positioned near the patient
but remain off the floor. This arrange-

ment would free the floor space around
the operating table, allow integrated
power and data connections to the
equipment through the ceiling mounts,
and would provide a direct route for
output cables and tubes to the surgical
field that would not hamper traffic
around the OR. Such an OR design has
been promoted by Stryker Corporation8

but has not been widely adopted. We
must begin to understand that endo-
scopic operations in different surgical
specialties are becoming increasingly simi-
lar and encourage OR design teams to
incorporate these and other innovative
ideas into an integrated endoscopic sur-
gical suite. More recent design projects
using virtual reality design tools may
prove to be of value by allowing design-
ers and surgeons to test OR layouts in
advance.19

In conclusion, our results demon-
strate that surgeons are acutely aware of
the increased crowding in the OR envi-
ronment brought about by laparoscopic
operations. We have also documented a
significant increase in equipment
crowding and lines in the OR during
laparoscopic operations. We hope that
the results of this study will encourage
surgeons, architects, and engineers to

Figure 3. Graph depicting the relationship between operating room size (x-axis) and the total floor space occupied by people, furniture, and equipment (y-axis)
for 20 general surgical operations. Note that laparoscopic operations are always more crowded than open operations.
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question the traditional tenets of OR
design and to redouble their efforts to
design the OR of the future based upon
the efficiency and safety needs of the
surgical team.
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