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T he following Recommended Practices for Mini-
mally Invasive Surgery were developed by the 
AORN Recommended Practices Committee 

and have been approved by the AORN Board of 
Directors. They were presented as proposed recom-
mendations for comments by members and others. 
They are effective December 1, 2009. These recom-
mended practices are intended as achievable recom-
mendations representing what is believed to be an 
optimal level of practice. Policies and procedures 
will reflect variations in practice settings and/or clin-
ical situations that determine the degree to which the 
recommended practices can be implemented. AORN 
recognizes the various settings in which periopera-
tive nurses practice. These recommended practices 
are intended as guidelines adaptable to various prac-
tice settings. These practice settings include tradi-
tional operating rooms (ORs), ambulatory surgery 
centers, physicians’ offices, cardiac catheterization 
laboratories, endoscopy suites, radiology depart-
ments, and all other areas where surgery and other 
invasive procedures may be performed. 

Purpose
These recommended practices are intended to pro-
vide guidance to 

• perioperative personnel to reduce risks to 
patients and the perioperative team during min-
imally invasive surgery (MIS) and computer-
assisted technology procedures; 

• perioperative registered nurses (RNs) to assist 
in managing distention media (eg, gas, fluid) 
and irrigation fluid; and

• health care administrators to identify consider-
ations, including workplace safety and ergo-
nomics, that need to be addressed when 
expanding services to accommodate new 
trends. 

Flexible endoscopic gastrointestinal procedures are 
not addressed in these recommended practices. For 
information on the care and cleaning of instruments 
and related equipment, refer to the AORN “Recom-
mended practices for care and cleaning of instruments 
and powered surgical equipment”1 and “Recom-
mended practices for cleaning and processing flexible 
endoscopes and endoscope accessories.”2 Implement-
ing or expanding MIS and computer-assisted technolo-
gies often requires innovative problem solving, state-
of-the art equipment, new relationships between 
diverse teams, and additional learning requirements 
for all members of the perioperative team. MIS tech-
niques have evolved from diagnostic techniques to 
complex operative procedures, primarily because of 
t h e  d o c u m e n t e d  p a t i e n t  b e n e f i t s  
compared to the conventional surgical procedures. 
Robotic and interventional radiology techniques are 

examples of computer-assisted trends that continue to 
evolve and integrate with conventional surgical proce-
dures. Emerging technologies may require construc-
tion of new, or renovation of existing, facilities and 
also may include audio-visual technology transmis-
sion to settings outside the traditional walls of the OR.

Recommendation I 

A multidisciplinary planning team should be established to 
develop the design of new construction or renovation of exist-
ing ORs to accommodate MIS, interventional radiology, or 
other computer-assisted technology equipment. The design 
considerations should include safety; long-term expansion of 
services; and compliance with federal, state, and local build-
ing regulations.

MIS and computer-assisted procedures are frequently 
performed in a low-light environment and may 
involve complex equipment interfaces that include 
numerous cords, plugs, foot switches, and video 
equipment. Additional equipment for distention 
media; fluid management systems; radiologic surveil-
lance; and therapeutic applications (eg, lasers, litho-
tripsy devices, ultrasound) may contribute to distrac-
tions or miscommunications that could compromise 
safety for both the patient and the perioperative team. 
An effective OR design accommodates ergonomically 
safe and efficient use of MIS equipment and supplies, 
while enabling the perioperative clinical team ade-
quate space to work.3 Trends for technological expan-
sion in perioperative settings often include complex 
electronic systems, including web-based information 
systems and robotic fixtures.3,4 The goals for techno-
logical expansion usually include streamlined com-
munications; better resolution and visualization (eg, 
augmented reality system, three-dimensional 
images); increased potential for delineating types of 
tissue (eg, benign, malignant); and a real-time histo-
logical analysis of tissues within the operating field.5 
Progressive nanotechnologies (eg, micro-electrical 
machinery) and miniaturization of robotic compo-
nents (eg, intracorporeal mobile devices) open the 
potential for application of surgical procedures in 
restricted spaces, including single-cell surgery.4,5 As 
design trends and MIS technology evolve toward 
smaller and more remote equipment, it could result 
in a reduction in the size of the traditional OR in the 
future.6 However, in spite of rapid developments 
toward miniaturization for diagnostics, expansion to 
allow for oversized equipment is still a common con-
sideration when planning construction or renovation 
in perioperative settings. Health care facilities may 
have a variety of reasons other than financial return 
for expanding to accommodate new technologies (eg, 
reputation in the community, growing demand from 

Recommended Practices for  
Minimally Invasive Surgery



158

Eq
ui

pm
en

t a
nd

 P
ro

du
ct

 S
af

et
y

RP: Minimally Invasive Surgery
the public and surgeons to provide state-of-the-art min-
imally invasive techniques). A cost-benefit analysis for 
expansion to include robotic services may include the 
following considerations:  

• Procedure times in the OR may increase initially 
due to the learning curve with robotic technolo-
gies, affecting OR utilization.  

• Even in an established program, OR productivity 
may not show increases in efficiency, as robotic 
procedure times may be the same as conventional 
techniques.  

• The benefits to the patient when a robotic system 
is used may include reduced blood loss, short-
ened hospitalization, less postoperative pain, and 
faster return to normal activities.4,7,8 

• The benefits to the surgeon when a robotic sys-
tem is used may include improved ergonomics, 
improved visualization including three-dimen-
sional imaging, and stabilization of instruments.9 

• The benefits to the health care organization may 
include a reduction in length of stay even for 
patients undergoing more complex procedures 
with increased patient acuity.

Planning for compliance with local building and zon-
ing codes and state and federal regulations early in the 
planning stages of a construction or renovation project 
may prevent costly adjustments later in the project. 

I.a. The physical design of the OR, interventional 
radiology suite, or hybrid OR should allow per-
sonnel access to the patient and the surgical 
field. 

I.b. Potential ergonomic hazards specific to MIS and 
computer-assisted technology should be identi-
fied in the design phase of the construction 
project.10,11

Ergonomically positioned monitors help pre-
vent fatigue and musculoskeletal disorders by 
limiting twisting motions and allowing neck 
and eye muscles to be relaxed.12,13 An OR that is 
too small has restricted walking paths, which 
increase the risk of slipping, tripping, or falling 
for members of the perioperative team. An OR 
that is too large has an increased distance 
between the supply areas and the surgical field 
and puts perioperative team members at risk for 
slipping, tripping, or falling when they have to 
move quickly across long distances to retrieve 
supplies or equipment during the procedure.14-19

I.b.1. Provisions should be made for preventing 
slips, trips, and falls.

Floor incongruities of greater than one-
fourth of an inch and cords and cables on 
the floor are factors that increase the risk of 
slipping, tripping, or falling for members of 
the perioperative team.14-19

I.b.2. Provisions should be made regarding 
height, hydraulic, or electric mobility and 
securing ceiling-suspended equipment (eg, 
booms) to reduce injury risk for the periop-
erative team.

MIS expansion projects often include 
physiologic monitors, camera control units, 
insufflators, and video recording units that 
are suspended from booms. This allows the 
premium space around the draped patient 
to be free of unsterile carts and improves 
the chances for ergonomic organization of 
equipment for the sterile surgical team 
members. Eliminating the need for video 
carts also allows the unsterile perioperative 
team members to have fewer obstacles on 
the floor space and may simplify room 
cleaning and turnover. The primary disad-
vantage is the decreased flexibility to move 
equipment to other rooms.15,20 Video carts 
are heavy to move because they have sev-
eral pieces of equipment on them, increas-
ing the risk of back injury for perioperative 
team members.10 Even when ceiling-
mounted booms are installed, conventional 
monitors require heavy-duty booms and 
substantial physical strength to move.17 
New technologies (eg, flat screen monitors, 
hydraulic or electric carts and booms) help 
alleviate the physical strain of moving 
booms or carts. Securing the monitors to a 
boom or securing monitors and other equip-
ment to a video cart may prevent injury to 
patients and personnel as well as damage to 
equipment. 

I.b.3. Provisions should be made for adequate 
lighting for the unsterile perioperative team 
to complete their responsibilities without 
risk of injury despite the low lighting that is 
required for optimum visualization for the 
s te r i le  surg ica l  t eam dur ing  MIS 
procedures.

Ambient blue or green light enhances the 
MIS screens and allows adequate visibility 
for other personnel in the room to work 
safely.15 However, contrasts in lighting still 
may have negative consequences for the 
unsterile perioperative team when they 
have to adapt their vision between the 
amplified illumination of the surgical site 
and the overall dim OR lighting.14 A wide 
range of lighting levels can be provided in 
the OR by using a ring of fluorescent lights 
around the diffusers and an outer ring of 
dimmable down-lights. The fluorescent 
lights can be designed to have two separate 
switches: one to control a set of white 
lights, the other to control a set of green 
lights that are designed to reduce glare.15 
Indirect or diffused lighting in the OR will 
provide the sterile surgical team with more 
flexibility in positioning monitors.  
Voice-activated switching systems also are 
available.14 

I.b.4. Video vendors and experts in the field of 
ergonomic safety should be consulted 
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regarding lighting, optimal procedure table 
height, and location of booms and monitors. 

Five design considerations are associated 
with non-neutral postures during MIS pro-
cedures: position of monitor, use of foot 
pedals, poorly adjusted table height, the 
hand-held design of laparoscopic instru-
ments, and static body postures.12 A study 
conducted in the Netherlands identified five 
ergonomically optimal positions and the 
number of monitors needed for each posi-
tion when two or three people were 
scrubbed for the procedure. Each position 
provided a monitor across from the surgical 
team member.17 Ergonomically positioned 
monitors help prevent fatigue and musculo-
skeletal disorders by limiting twisting 
motions and allowing neck and eye muscles 
to be relaxed.12,13 Ceiling-suspended moni-
tors that allow monitors to be positioned 
apart from the rest of the laparoscopic 
equipment are more versatile when plan-
ning ergonomically optimal positions.21 
Research suggests optimal monitor posi-
tions include, but are not limited to, the 
following: 
• For the horizontal plane, positioning the 

monitor straight ahead of the surgical 
team member, aligned with the forearm-
instrument motor axis, will prevent the 
person from having axial rotation of the 
spine. 

• For the sagittal plane, positioning the 
monitor lower than eye level, approxi-
mately 15 degrees downward, will pre-
vent neck extension. 

• For viewing distance, the position of the 
monitor will depend on the size of the 
screen. If the monitor is too close, the 
surgical team member’s eyes may 
undergo extensive accommodation and 
conversion by the extraocular muscula-
ture. If the monitor is too far away, the 
person may be required to strain and 
may not be able to see detail.21

The amount of glare is another important 
consideration when positioning monitors. 
In addition to having high resolution and a 
high contrast ratio, quality monitors also 
have a surface material that minimizes the 
effects of reflected light. Changing the orien-
tation of a monitor (eg, tilt, angle) can create 
or eliminate glare, which also may be a con-
tributing factor for muscle strain.14 

I.c. The extent of OR integration and telecommuni-
cation technology should be determined and 
information system interface requirements  
identified (eg, compatibility between clinical 
computer-assisted technologies and administra-
tive computer interfaces).

OR integration involves centralized control of 
audiovisual equipment and information, and is 

capable of controlling a variety of equipment 
and activities within the surgical suite.20 The 
evolution of software and equipment integration 
capabilities may require architectural design 
adjustments or engineering retrofit to accommo-
date such things as a control desk and housing 
for the computer and other equipment. Moving 
the electronics outside the OR room itself frees 
up space inside the OR, removes a major source 
of heat from within the OR, and eliminates the 
need for electronics technicians to enter the 
sterile environment of an OR to service the 
equipment.22 It can save money to install 
cabling and other infrastructure to accommo-
date OR integration during construction or reno-
vation, even if a health care facility does not 
intend to implement OR integration in phase 
one of the MIS expansion project.20 

A central database that allows continuous 
live feeds throughout the health care facility is 
another important component for ORs that are 
designed for MIS procedures. The live feed 
allows data retrieval after the procedure for edu-
cational or reporting purposes, including video 
clips or still images. Full integration of the 
entire surgical platform can accommodate coor-
dinated scheduling and interfaces with the elec-
tronic medical record and monitoring systems.22 
The terms integrated OR or digital OR may be 
used for facilities designed with these 
capabilities. 

Picture archiving and communication sys-
tems (PACS) monitors, touch-screen, and voice-
activated controls are examples of trends that 
can be incorporated into an MIS expansion proj-
ect.15 The term de-tethering refers to wireless 
technology (eg, wireless communications, lap-
top computers, network portals, e-mail). Pri-
vacy, security, and reliability are issues associ-
ated with de-tethering.23

I.c.1. Planning should include collaboration with 
vendors to achieve medical device interop-
erability and upgrade potential.

Consumer electronics with “plug and 
play” capability have set an expectation 
that pieces of medical equipment from vari-
ous manufacturers have the capacity to 
“talk to each other.” The Center for Integra-
tion of Medicine and Innovative Technology 
(CIMIT) is an example of one nonprofit con-
sortium that has established interdisciplin-
ary teams in the Boston area who work 
toward this goal.20

I.c.2. Remote telecommunications technology 
requirements should be identified to meet 
the health care organization’s strategic plan.

Robotic technology allows an experienced 
health care provider to gain physical telep-
resence to interact with patients or other 
health care providers in remote locations.24,25 
Telemedicine and telesurgery technology 
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have potential for global application for 
disaster responses (eg, natural disaster, 
chemical, biological, nuclear attack, battle-
fields); regional application for providing 
expertise and access to rural areas to allevi-
ate shortages in medical and surgical special-
ties; and intraoperative application for 
allowing anesthesiologists to provide remote 
support to nurse anesthetists.25 Current limi-
tations in wireless broadband requirements 
and the resulting latency in transmission 
may prevent broad applications of this tech-
nology, but the US Army’s Telemedicine and 
Advanced Technology Research Center 
(TATRC) continues to fund research in this 
area.26 Researchers in Canada have found 
telementoring and telerobotic technologies to 
be effective tools for providing care to rural 
areas; however, reimbursement and legal bar-
riers contribute to delays in widespread 
application and the goal to achieve a uni-
form standard of care for MIS procedures in 
rural areas.24,27

I.c.3. Considerations to decrease traffic in teach-
ing institutions should be anticipated (eg, 
integrated camera systems that provide for 
internal and external web casts).

Audiovisual components are used by OR 
staff members in providing patient care, but 
can also be wired to give interns, residents, 
and visitors a clear view of surgical proce-
dures without requiring them to be in the 
room. Reducing traffic during patient care 
decreases the risk for infection and may 
reduce distraction and noise for the periop-
erative team.20,28

I.d. Work space and architectural and engineering 
structures should be designed to accommodate 
progressive technologies and strategic expan-
sion of MIS and computer-assisted services. 

Considering expansion (eg, voice-activated 
technology, centralized command consoles, 
two-way video and audio connections) and a 
progression for increased patient acuity and 
emergencies in the early stages of the design 
process can potentially increase the long-term 
value of the construction project and may pre-
vent the necessity for future renovation.3,20,29,30 
Important considerations for MIS expansion 
projects include, but are not limited to, 

door placement in relation to the sterile field;  
a modular, structural, ceiling system with 
multiple mounting locations and a center 
mounting location reserved for a ceiling-
mounted robotic arm;  
placement of the equipment boom(s) on the 
sterile core side of the room away from the 
OR door; 
placement of a seated workstation facing the 
procedure bed and adjacent to the door 
between the OR and the sterile core; and 

adequate expansion space for future robotic 
systems.15

Space planning advisors also may suggest 
moving the control desk away from the wall and 
reducing it in scale to accommodate only moni-
toring screens and keyboards or adding wheels 
to provide a movable workstation. This creates a 
peninsula that allows the perioperative RN to 
sit at one of the monitors on the desk facing the 
surgical team, providing more direct observa-
tion of all activity during the procedure. It also 
may allow room for another person to sit at a 
second monitor with touch-screen controls of 
the integration system or access to video 
systems.22 

I.d.1. The perioperative administrator should 
investigate the feasibility of constructing a 
dedicated interventional radiology suite 
versus a hybrid OR.

A hybrid OR may be used for procedures 
requiring the combined efforts of a surgeon 
and an interventional radiologist or cardiol-
ogist.31 They also are intended to improve 
patient care and efficiency by eliminating 
the need to transfer the patient from radiol-
ogy or the cardiac catheterization laboratory 
to the OR when there is an urgent need for a 
more invasive surgery.13 The size of a hybrid 
suite will depend on the required equip-
ment and additional shielding that the 
equipment may require based on the manu-
facturer’s specifications. Additional square 
footage will be needed for storage room (eg, 
perfusion supplies, cardiopulmonary 
bypass machine); radiology control room; 
electrical panels; and equipment cooling 
devices. Sufficient space and anticipated 
placement of anesthetic equipment may be 
required to accommodate modern proce-
dure beds that have a movable table top. 
When the table top is moved longitudinally, 
away from the broad part of the procedure 
bed, the surgeon has better ergonomic access 
to the patient for an open procedure.13

I.d.2. A multidisciplinary team should be identi-
fied to delineate the procedures (eg, cardiac, 
neurological) to be performed in the 
expanded MIS construction project.

Considerations for composition of the 
team include, but are not limited to, periop-
erative RNs, physicians, infection preven-
tionists, and staff member representatives 
from the appropriate service lines.

I.d.3. The multidisciplinary design team should 
evaluate the benefits of each type of imaging 
system (ie, portable versus fixed) when 
choosing a procedure-related imaging 
system. 

A portable system is beneficial because it 
allows personnel to move the fluoroscopy 
unit away from the sterile field when the 
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unit is not in use. A fixed system, however, 
may have better resolution.13 The imaging 
system decision will affect all other deci-
sions, including the equipment and the 
square footage required.19

I.d.4. Staffing requirements for a hybrid OR 
should be considered during the design 
planning phase. 

The perioperative team in a hybrid OR 
may include the following personnel: 
• perioperative circulating nurse, 
• radiology circulating nurse, 
• surgical scrub person, 
• radiology scrub person, 
• surgeon, 
• surgical first assistant, 
• anesthesia care provider(s), 
• radiology technician, 
• interventional radiologist, 
• interventional cardiologist, and 
• perfusionist. 

It may be necessary to have additional 
personnel present to provide safety and effi-
ciency while interacting with multiple ser-
vices. The surgeon and the interventional 
cardiologist or radiologist may work simul-
taneously; therefore, additional staff mem-
bers may be necessary.13,32 

I.e. An infection control risk assessment should be 
completed before construction or renovation to 
determine any infection control risks.33

An infection control risk assessment before 
constructing or remodeling existing health care 
facilities is a regulatory requirement in most 
states. MIS expansion projects may require spe-
cialized equipment that can raise room tempera-
ture and increase the risk of infection, and 
stakeholders may request that traffic patterns be 
varied from traditional ORs. It is important to 
continue thorough planning and coordination to 
minimize the risk for airborne infection both 
during and after the completion of the expan-
sion project. An ongoing multidisciplinary team 
may be necessary to assess infection prevention, 
safety, and personnel implications.28,30

I.e.1. The OR or procedure room size should be 
sufficient to accommodate all equipment 
and allow ease of movement of personnel 
without compromising the sterile field.

Large equipment often is needed for MIS 
and other computer-assisted procedures, 
which may result in a crowded OR if ade-
quate floor space is not identified in the plan-
ning phase of a construction project. The min-
imum recommended size of a traditional OR 
is 400 square feet, but this may not be suffi-
cient for MIS rooms. Health care architects 
currently recommend MIS rooms be at least 
600 square feet.15 Procedures that include 
computer-assisted or imaging equipment may 

require an OR in the 750- to 800-square-foot 
range.6

I.e.2. Manufacturers’ recommendations for clean-
ing and disinfection should be considered 
when selecting equipment for the MIS 
expansion project.

Liquid crystal diodes (LCD), recording 
devices, plasma video displays, and other 
electronic equipment may have specific 
instructions for  cleaning from the 
manufacturer.

I.f. New and existing air supply, exhaust, and 
domestic water systems should be assessed for 
effective adaptation to changing ventilation and 
fluid management needs in an MIS expansion 
project.

Imaging systems and computer-assisted tech-
nology may require additional cooling systems. 
Fluid management systems may involve plumb-
ing and additional specifications regarding 
waste removal.

I.f.1. Electrical panels should be assessed and 
upgraded, as needed, to provide for the 
maximum possible concurrent use of 
advanced technologies.

I.f.2. MIS expansion projects should be built to 
meet state building code criteria, including, 
but not limited to, 
• air exchanges per hour, 
• temperature and humidity control 

ranges, and 
• air flow.

Regulations for outpatient facilities may 
have different floor-to-floor height require-
ments when compared to hospital build-
ings. However, regulations for outpatient 
imaging centers may require floor-to-floor 
heights that are similar to hospital build-
ings. The same may be true for power; heat-
ing, ventilation, and air conditioning 
(HVAC); plumbing; and fire protection sys-
tems.19 The number of air exchanges for 
interventional radiology suites, cardiac 
catheterization rooms, and ORs are required 
to be a minimum rate of 15 total air 
exchanges per hour with a recommended 
range of 20 to 25 air exchanges in ORs.34

I.f.3. State regulations should be followed regard-
ing radiation protection and building 
requirements for the walls of the entire 
suite.

The required radiation protection is 
based on the selected radiology system’s 
specifications. Radiation protection must be 
built into the walls between the OR and the 
control room to protect the personnel work-
ing in the control room. If required by state 
regulations, radiation protection must be 
built into the walls of the entire suite.34
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Recommendation II 

Fluids that will be used for irrigation and as distention media at 
a temperature other than room temperature should be warmed 
or cooled and stored in a safe manner.

There is an increased risk for patient injury if fluid 
storage is not systematically monitored and rotated.35 
Solution stability may vary according to composition.36 
The storage container for the fluid also may undergo 
changes when stored at temperatures higher or lower 
than room temperature.37 Intravenous (IV) bags are 
among the medical devices listed in a safety assess-
ment from the US Food and Drug Administration 
regarding safe levels of exposure to di-(2-ethylhexyl)
phthalate (DEHP), a compound used as a plasticizer to 
provide flexibility for polyvinyl chloride (PVC). Expert 
panels have not reached consensus about the toxic and 
carcinogenic effects of DEHP in humans exposed to 
devices that contain them. However, the scientific 
community does agree that DEHP and other phthalate 
esters produce adverse effects in experiments with 
animals.37

II.a. Sterile water should be segregated from other 
irrigation solutions during storage.

The purpose of segregating sterile water and 
irrigation solutions is to reduce the risk for 
errors. Reports indicate IV bags of sterile water 
were stored near IV bags of 0.9% sodium chlo-
ride resulting in the incorrect administration of 
sterile water intravenously on a dialysis unit. 
The use of sterile water for continuous irriga-
tion or as a distention media can cause hemoly-
sis if it is absorbed into the bloodstream.38

II.b. Written storage instructions for warming and 
storing fluids should be obtained from the man-
ufacturer of the fluid and reviewed annually to 
maintain proper storage protocols.

The manufacturer of the fluid is the best 
source of information about the duration of time 
that a fluid can be stored at different tempera-
tures. The expiration date on the solution indi-
cates the duration during which the solution 
can be used if stored at room temperature. Man-
ufacturers conduct studies to determine how 
long solutions can be stored at higher tempera-
tures without altering the physical and chemi-
cal properties of the solution. The duration for 
flexible IV bags may be different than the dura-
tion for hard plastic pour bottles if DEHP is 
used in the production process.37

II.b.1. Fluids kept in a warming cabinet should be 
labeled with an expiration date based on 
the manufacturer’s recommendation for 
storage above room temperature.

Placing the warming expiration date on 
the fluid container facilitates communica-
tion. Adherence to the manufacturer’s 
instructions for safe temperature ranges will 
provide stability of the solutions being 
stored. 

II.b.2. Fluids kept in a warming cabinet should be 
rotated on a first-in, first-out basis.

This process helps to facilitate turnover 
of inventory and increases the probability of 
using fluid containers before the expiration 
date.  

II.b.3. Unopened fluid containers should be 
removed from the warming cabinet when 
the expiration date has been reached.

After removal from the warming cabinet, 
the irrigation or distention fluid may be 
used at room temperature until the manu-
facturer’s expiration date has been reached 
unless information from the manufacturer 
specifies otherwise.

II.b.4. After the unopened fluid container is 
removed from the warming cabinet, a “do 
not re-warm” label should be applied to the 
fluid container, and the fluid should not be 
returned to the warming cabinet. 

Heat and moisture enhance microbial 
growth. Temperature fluctuations may con-
tribute to breakdown of the fluid container. 
Unless information from the manufacturer 
specifies otherwise, persistent exposure to 
heat and variations in temperature could 
increase the risk for contaminants and con-
tainer breakdown. A “do not re-warm” label 
on the fluid container increases the proba-
bility of compliance among members of the 
perioperative team.

II.c. A warming cabinet that is designed to warm flu-
ids and has temperature control settings should 
be used when it is necessary to store fluids for 
irrigation or distention media at a temperature 
higher than room temperature.

Using a warming cabinet designed to warm 
fluids allows for better monitoring of tempera-
tures specific to the safe ranges identified for the 
fluids. Thermal injuries have occurred as a 
result of overheating irrigation fluid or IV 
fluids.39,40

II.c.1. Separate warming cabinets or separate com-
partments with individual temperature con-
trol should be designated for blankets and 
fluids used for irrigation or distention 
media.

When fluids are placed in warming cabi-
nets with blankets, there is an increased 
risk that the fluid will be warmed to an 
unsafe temperature, especially if the blan-
kets can be safely heated to higher tempera-
tures than the fluids.35

II.c.2. The temperature in the warming cabinet 
should be maintained at the temperature 
range indicated by the fluid manufacturer.

II.c.3. The warming cabinet temperature should be 
checked at regular intervals per the organi-
zation’s policy and documented.41
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Temperature logs are an indicator that 

the warming cabinet is functioning properly 
and is warming fluids within the safe 
parameters indicated by the fluid manufac-
turer’s specifications. Periodic biomedical 
inspections and regular preventive mainte-
nance help to keep fluid warming devices 
in properly functioning condition. Cabinets 
that are overloaded may not warm fluids 
uniformly and may not function properly. 
Follow warming cabinet manufacturers’ rec-
ommendations for appropriate volume of 
fluid to be stored.

II.c.4. The warming cabinet should be labeled 
with the safe temperature range settings for 
the fluids stored in the warming cabinet as 
determined by the fluid manufacturer.

Labeling the warming cabinet will help 
facilitate communication to the periopera-
tive team members about the safe tempera-
ture range recommended by the fluid 
manufacturer.

II.c.5. A microwave or autoclave should not be 
used to heat irrigation fluids or fluids used 
for distention media.

Microwaves and autoclaves are uncon-
trolled methods of warming that could 
result in an unknown or uneven fluid tem-
perature, increasing the risk of patient 
injury. Perioperative team members also 
may be at risk for burns from excessively 
heating the product or container. The com-
position of the solution or the container 
could be at risk when uncontrolled methods 
of warming are used.

II.d. Fluids used for irrigation should be cooled and 
stored in a safe manner that prevents contami-
nation and degradation of the solution or 
container.  

The composition of the fluid or container can 
change with fluctuations in temperature.

II.d.1. Written instructions for storing and cooling 
fluids should be obtained from the manu-
facturer of the fluid and reviewed annually.

II.d.2. A systematic rotation and expiration date 
labeling process should be defined for stor-
ing cooled fluids, based on the best avail-
able information.

Rotating inventory before the expiration 
date helps to reduce waste. Expiration dates 
defining safe duration of time a fluid can be 
cooled will help to maintain the integrity of 
the solution and the container and prevent 
waste.

II.d.3. Fluids that are being cooled below room 
temperature should be stored in an area that 
is designated for patient care items and sep-
arate from food.42

II.e. Fluid containers that have been opened and not 
completely used should be discarded and 
should not be returned to a storage area. 

Opening a fluid container allows air and 
potential contaminants to enter the container. 
The edge of a container is considered contami-
nated after the contents have been poured; 
therefore, the sterility of the contents cannot be 
ensured if the cap is replaced or the seal to the 
IV bag has been broken.43   

Recommendation III 

During the preoperative nursing patient assessment, the peri-
operative RN should identify unique patient considerations that 
require additional precautions or contraindications related to 
MIS procedures, fluid management, and the medications that 
may be added to irrigation fluids. 

Preoperative nursing assessment of patients for specific 
risk factors related to MIS patient positioning, fluid 
management, and medication sensitivities before the 
invasive procedure will facilitate safe patient care.

III.a. The preoperative patient assessment should 
include identification of risk factors related to 
extreme patient positioning that may be required 
for MIS or computer-assisted procedures.

It is not unusual to have patients in the 
extreme Trendelenburg or reverse Trendelen-
burg positions for laparoscopic surgical proce-
dures and procedures involving robotic equip-
ment because the gravitational effect allows 
organs to move away from the surgical field.44 
The Trendelenburg position increases venous 
return and increases the risk for cardiac or 
respiratory congestion. The reverse Trendelen-
burg position reduces venous return and cardiac 
output, increases peripheral and pulmonary 
resistance, and has the potential for misalign-
ment of the patient’s extremities.45

III.a.1. The preoperative nursing risk assessment 
related to positioning for MIS procedures 
should include, but not be limited to, the 
following: 
• age-specific risk factors, 
• cardiovascular compromise, 
• respiratory compromise, 
• pregnancy, and 
• increased intraocular or intracranial 

pressure.
Older adults who have coexisting cardiac 

or pulmonary disease are at higher risk dur-
ing laparoscopic procedures that require gen-
eral anesthetics, pneumoperitoneum, and 
extreme positions.46 Premature infants have 
compromised cardiovascular, respiratory, 
and thermoregulatory systems that may not 
tolerate increased intra-abdominal pressure 
or the Trendelenburg position.47 Patients 
who have increased intracranial pressure, 
severe myopia, and/or retinal detachment 
are also at high risk during laparoscopic  
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procedures performed using the Trendelen-
burg position. Patients who are pregnant, 
have bullous emphysema, or a history of 
spontaneous pneumothorax are also at 
higher risk.45

III.a.2. The preoperative nursing risk assessment 
related to prevention of venous stasis 
should include, but not be limited to, 
• the type of procedure, 
• the position required,  
• the length of procedure, and  
• a patient history that reflects a need for 

increased surveillance for deep vein 
thrombosis (DVT).
Laparoscopic surgery patients who will 

be in the reverse Trendelenburg position 
and have pneumoperitoneum are at risk for 
venous stasis. Patients who are undergoing 
procedures lasting longer than 30 to 45 min-
utes are at risk for venous stasis, as are 
patients whose surgery involves the use of a 
tourniquet (eg, arthroscopy).48,49 Patients 
who are scheduled for longer complex lapa-
roscopic procedures (eg, laparoscopic Roux-
en-Y gastric bypass patients) are at a higher 
risk for DVT.50 Venous thromboembolism 
prophylaxis is indicated whenever major 
abdominal operations are performed; how-
ever, there are varying opinions about rou-
tine prophylaxis if the laparoscopic proce-
dure does not involve stirrups and is 
expected to be brief, including cholecystec-
tomy and herniorrhaphy.51-53 Examples of 
medical history assessment findings that 
indicate a need for increased surveillance 
for DVT include, but are not limited to, the 
following: 
• history or family history of thrombosis, 

coagulopathy blood clots, blood-clotting 
disorders, DVT, or pulmonary embolism; 

• varicosities or leg swelling; 
• smoking; or 
• sedentary/nonambulatory lifestyle 

greater than 72 hours.48

III.b. The preoperative nursing risk assessment 
should include safety considerations for intra-
operative magnetic resonance imaging (MRI) 
when applicable.

Physical contraindications for patients in the 
MRI environment include, but are not limited 
to, pacemakers, certain cranial aneurysm clips, 
and certain implants. Manufacturers of the 
implant can verify whether it is safe or not safe 
for the intraoperative MRI environment if there 
is a question.32

III.c. The preoperative nursing risk assessment 
related to fluid management should include, but 
not be limited to, the following:  

the patient’s skin color and turgor, 
weight,  

allergies and sensitivities to medications, 
NPO status, 
patient conditions or diseases that predispose 
or exacerbate the seriousness of hyponatre-
mia or hypervolemia, and 
medications that predispose or exacerbate the 
seriousness of hyponatremia or hypervolemia.
The use of improper or excessive amounts of 

fluid for irrigation or distention media can lead 
to hypervolemia and hyponatremia. Patients 
who have congestive heart failure, liver cirrho-
sis, and renal diseases are more susceptible to 
hypervolemia and hyponatremia. The main 
causes of hyponatremia in hypo-osmolar 
patients are inappropriate antidiuretic hormone 
secretion, renal disorders, endocrine deficien-
cies, and certain medications.54 Medications 
that predispose or exacerbate the seriousness of 
hyponatremia and hypervolemia include, but 
are not limited to, the following: 

diuretics; 
anticonvulsants (eg, carbamazepine); and 
serotonin and norepinephrine reuptake 
inhibitors.54

Medications may be added to irrigation or 
fluid used for distention media. Identifying 
allergies and sensitivities in the preoperative 
phase of care will facilitate communications 
and decrease the risk of patient complications 
in the intraoperative and postoperative phases 
of care. 

III.d. The perioperative RN should review preopera-
tive laboratory tests (eg, electrolytes, coagula-
tion studies) and report abnormalities to the 
surgeon and anesthesia care provider.

Surgeons or anesthesia care providers may 
order additional laboratory tests for patients 
who have identified risk factors related to fluid 
management or DVT. Identifying electrolyte 
imbalances, coagulopathy, or other unusual lab-
oratory findings preoperatively provides an 
opportunity to implement corrective measures 
or postpone the operative or invasive 
procedure.

III.e. Fluid selection should be based on the individ-
ual patient assessment and the intended use. 

The selection of fluid to be used for irrigation 
or distention media depends on the type of pro-
cedure being performed, the patient’s condition, 
and the use of electrosurgery. Fluids are divided 
into electrolyte and nonelectrolyte media. Non-
electrolyte media can lead to hyponatremia 
when the irrigation or distention fluid is 
absorbed into the circulatory system55 (Table 1). 

III.e.1. Nonelectrolyte distention fluids should be 
used when monopolar electrosurgery is the 
planned equipment for the MIS procedure. 

Electrolyte solutions conduct electricity 
and dissipate the energy transferred. This can 
result in ineffective hemostasis or collateral 
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thermal tissue damage. When bipolar electro-
surgery is used, electrolyte solutions can be 
used.56

III.e.2. Potential contraindications of fluid disten-
tion media should be reported to the sur-
geon and anesthesia care provider for evalu-
ation of significance and appropriate 
actions to be taken.

Recommendation IV

Personnel should take additional precautions when using elec-
trosurgery units (ESUs) during MIS and computer-assisted 
procedures. 

MIS procedures using electrosurgery present unique 
patient safety risks, such as direct coupling of current, 
insulation failure, and capacitive coupling and tissue 
damage that may be out of the field of vision.57

IV.a. ESUs and accessories should be selected to 
include technology that minimizes or elimi-
nates the risk of insulation failure and  
capacitive-coupling injuries.

During MIS procedures, alternate site injuries 
have resulted from insulation failure and capac-
itive coupling.58-63 These injuries are far more 
serious than skin burns and have increased in 
number with the increase in MIS procedures.64 
The use of active electrode monitoring has min-
imized these risks.61,63,65-68

IV.b. Personnel should verify the properties of the 
distention media to minimize risks related to 
electrosurgery.

Collateral damage secondary to increased 
temperatures can occur if the distention media 
conducts current.

IV.b.1. Personnel should verify that the insufflation 
gas is nonflammable (ie, carbon dioxide).

Carbon dioxide is noncombustible and will 
not ignite if the active electrosurgical elec-
trode sparks. Gases (eg, oxygen, nitrous oxide, 
air) are oxidizers that may support combus-
tion. An oxidizer-enriched environment may 
enhance ignition and combustion.69,70

IV.b.2. Nonelectrolyte distention fluids should be 
used when monopolar electrosurgery is 
used.

Electrolyte solutions conduct electricity 
and dissipate the energy transferred. This 
can result in ineffective hemostasis or burns 
to internal tissue.

Table 1 presents a comparison of the 
properties of various fluids used for disten-
tion media.

IV.c. Conductive trocar systems should be used.
Conductive trocar cannulas provide a means 

for the electrosurgical current to flow safely 
between the cannula and the abdominal wall. 

This reduces high density current concentration 
and heating of non-target tissue.61,62,65,71,72

IV.c.1. Hybrid trocar (ie, combination plastic and 
metal) systems should not be used.

Each trocar and cannula can act as an 
electrical conductor inducing an electrical 
current from one to the other potentially 
causing a capacitive-coupling injury.71

IV.d. MIS electrodes should be examined for 
impaired insulation before use.

Insulation failure of electrodes caused by 
damage during use or reprocessing provides an 
alternate pathway for the electrical current to 
leave the active electrode. Some insulation fail-
ures are not visible. This has resulted in serious 
patient injuries.59,61,62,65-67,71-74

IV.d.1. Methods should be used to detect insula-
tion failure, including, but not limited to, 
• active electrode shielding and 

monitoring,65,68 
• using active electrode indicator shafts 

that have two layers of insulation of dif-
ferent colors,65 

• using active electrode insulation integ-
rity testers that use high DC voltage to 
detect full thickness insulation breaks.65

Active electrode shielding continuously 
monitors the endoscopic instruments to 
minimize the risks of insulation failure or 
capacitive-coupling injuries.59,61-63,66-68,71,72 
The inner layer of a different color is 
designed to show through the outer layer if 
there is an insulation break.65 Testing the 
electrode before the procedure identifies 
damaged electrodes that should be taken 
out of service. Testing may be done in the 
sterile processing department, at the sterile 
field, or with the sterilizable probes and 
cables that will alert the surgeon of an insu-
lation break during the procedure. The sur-
gical wound can be explored and treated if 
an alert occurs during the procedure.65,74

IV.d.2. The lowest power setting that achieves the 
desired result should be selected.72

Lower power settings for both cut and 
coagulation reduce the likelihood of insula-
tion failure and capacitive-coupling inju-
ries. Lower power settings also minimize 
damage from direct coupling when the 
active electrode is activated while in close 
proximity to another metal device inserted 
into an adjacent trocar port.61,72

IV.e. The active electrode should not be activated 
until it is in close proximity to the tissue.61,62

Activation only when in close proximity to 
the tissue minimizes the risk of current arcing 
and contacting unintended tissue.61,62 Activating 
the electrode when it is not in very close prox-
imity to the targeted tissue increases the risk of 
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Table 1.  Fluids used For irrigaTion or disTension Media
Solution Electrolyte solution Uses Potential  

contraindications
Adverse reactions

0.9% Sodium Chloride1 Yes General irrigation, hyster-
oscopy, use with laser 
and bipolar electrosur-
gery, and urologic 
procedures2,3

Monopolar 
electrosurgery

Hypervolemia, pulmo-
nary edema, abdominal 
cramping, nausea and 
vomiting, diarrhea 

Ringer’s Lactate4 Yes General irrigation Monopolar 
electrosurgery

Fluid shift from intracel-
lular to extracellular 
compartment, 
hypervolemia

Dextran1 No Hysteroscopy, volume 
generally limited to 300 
mL and not to exceed 
500 mL5

Allergy to beet sugar;5 
hypersensitivity to dex-
tran or any component of 
the formulation; hemo-
static defects (eg, throm-
bocytopenia, hypofibrin-
ogenemia); cardiac 
decompensation; renal 
disease with severe oli-
guria or anuria; hepatic 
impairment

Plasma expander leading 
to fluid or solute over-
load; disseminated intra-
vascular coagulation, for 
every 100 mL absorbed, 
the plasma volume 
expands by an additional 
860 mL;5 overdose, 
marked by pulmonary 
edema, increased bleed-
ing time, and decreased 
platelet function

Glycine 1.5%6 No Urologic irrigation, hys-
teroscopy, and resectos-
copy with monopolar 
electrosurgery3

Severe cardiopulmonary 
or renal dysfunction, 
decreased liver function; 
additives may be incom-
patible, consult with a 
pharmacist

Aggravated pre-existing 
hyponatremia caused by 
shifts from intracellular to 
extracellular compart-
ment; fluid and electro-
lyte disturbances (eg, 
edema, marked diuresis, 
pulmonary congestion); 
impaired liver function 
leading to accumulation 
of ammonia in the blood; 
allergic reactions, which 
are rare

Mannitol 5%7 No Urologic irrigation; hys-
teroscopy and resectos-
copy with monopolar 
electrosurgery3

Severe cardiopulmonary 
or renal dysfunction 

Aggravated pre-existing 
hyponatremia caused by 
shifts from intracellular to 
extracellular compart-
ment; fluid and electro-
lyte disturbances (eg, 
edema, marked diuresis, 
pulmonary congestion); 
hypernatremia caused by 
loss of water and excess 
of electrolytes from con-
tinuous administration 

capacitive coupling. Capacitance is reduced 
during closed-circuit activation.

IV.f. Only the user of the active electrode should 
activate the device whether it is hand- or 
foot-controlled.58

Activation by the user of the active electrode 
prevents unintentional discharge of the device 
and minimizes the potential for patient and per-
sonnel injury.

IV.g. Bipolar active electrodes (eg, vessel occluding 
devices) should be used in a manner that mini-
mizes the potential for injuries.

Unlike the monopolar ESU, bipolar technol-
ogy incorporates an active electrode and a 
return electrode into a two-poled instrument, 
such as forceps or scissors.60,75,76 Current flows 
only through the tissue contacted between two 
poles of instruments; thus, the need for a dis-
persive electrode is eliminated.76 This also elim-
inates the chance of stray or alternate pathways 
for current flow.76 The bipolar ESU provides 
precise hemostasis or dissection at the surgical 
site with less lower voltage and decreased ther-
mal spread to nearby structures.76

continued on next page
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Table 1 conTinued.  Fluids used For irrigaTion or disTension Media
Solution Electrolyte solution Uses Potential  

contraindications
Adverse reactions

Sorbitol 3%8 No Urological irrigation Severe cardiopulmo-
nary or renal dysfunc-
tion, fructose 
intolerance

Aggravated pre-existing hypo-
natremia caused by shifts from 
intracellular to extracellular 
compartment; hypernatremia 
caused by loss of water and 
excess of electrolytes from 
continuous administration 
hyperglycemia in patients with 
diabetes mellitus; allergic reac-
tions (eg, urticaria)

Sorbitol 3%/Mannitol 
0.5%9

No Urologic irrigation Severe cardiopulmo-
nary or renal dysfunc-
tion; fructose 
intolerance

Aggravated pre-existing hypo-
natremia caused by shifts from 
intracellular to extracellular 
compartment; hypernatremia 
caused by loss of water and 
excess of electrolytes from 
continuous administration; 
hyperglycemia in patients with 
diabetes mellitus; hyperlactate-
mia in patients who are meta-
bolically compromised caused 
by metabolism of sorbitol 

Sterile Water10 No General irrigation, 
washing, rinsing, and 
dilution purposes; 
transurethral resection 
of prostate11

Continuous irrigation, 
as a distention 
medium; additives may 
be incompatible, con-
sult with a pharmacist

Hemolysis when absorbed into 
the bloodstream 

Editor’s note: This table presents irrigation solutions that are in common use; however, it is not all-inclusive. Use of other irrigation solutions may be indicated 
in certain patient populations and for certain conditions. 

RefeRences

1. Lexi-Comp, Inc, AORN. Drug Information Handbook for Perioperative Nursing. Hudson, OH: Lexi-Comp; 2006.
2. Ho HS, Cheng CW. Bipolar transurethral resection of prostate: a new reference standard? Curr Opin Urol. 2008;
18(1):50-55.  
3. ACOG Committee on Practice Bulletins. Endometrial ablation [ACOG Practice Bulletin: Clinical management guidelines for obstetrician-gynecologists, Num-

ber 81, May 2007]. Obstet Gynecol. 2007;109(5):1233-1248. 
4. Lactated Ringer’s irrigation [package insert]. Lake Forest, IL: Hospira; 2004. 
5. American College of Obstetricians and Gynecologists. Hysteroscopy [ACOG technology assessment in obstetrics and gynecology, Number 4, August 2005]. 

Obstet Gynecol. 2005;106(2):439-442. 
6. 1.5% glycine irrigation [package insert]. Lake Forest, IL: Hospira; 1999.   
7. 5% mannitol irrigation [package insert]. Irvine, CA: B. Braun Medical, Inc; 2002. 
8. 3% sorbitol urologic irrigating solution [package insert]. Deerfield, IL: Baxter Healthcare Corp; 2004. 
9. Sorbitol-mannitol irrigation [package insert]. Lake Forest, IL: Hospira; 2004. 
10. Sterile water for irrigation [package insert]. Lake Forest, IL: Hospira; 2004. 
11. Moharari RS, Khajavi MR, Khademhosseini P, Hosseini SR, Najafi A. Sterile water as an irrigating fluid for transurethral resection of the prostate: anestheti-

cal view of the records of 1600 cases. South Med J. 2008;101(4):373-375. 

IV.g.1. When bipolar resection devices are used, 
electrolyte solutions should be used.

Bipolar resection devices need an elec-
trolytic solution to conduct the electrical 
flow.77

IV.h. Argon-enhanced coagulation (AEC) technology 
poses unique risks to patient and personnel 
safety and should be used in a manner that min-
imizes the potential for injury.57

Each type of AEC has specific manufacturer’s 
written operating instructions describing safe 
operation of the unit. The AEC unit uses mono-
polar alternating current delivered to the tissue 

through ionized argon gas. The risks of monopo-
lar electrosurgery are present.78

IV.h.1. All safety measures for AEC technology out-
lined in the AORN “Recommended practices 
for electrosurgery” should be referenced 
when using AEC technology.57

Patient injury and death have occurred 
as a complication of argon-enhanced tech-
nology. There is a significant risk of gas 
embolism when AEC is used during laparo-
scopic procedures from abdominal over-
pressurization and displacement of CO2 by 
argon gas.79-82 (See Recommendation VI.i.) 
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IV.i. Patients should be instructed to immediately 

report any postoperative signs or symptoms of 
electrosurgical injury. Postoperative patient care 
instructions should include symptoms to look 
for, including, but not limited to,  

fever, 
inability to void, 
lower gastrointestinal bleeding, 
abdominal pain, 
abdominal distention, 
nausea, 
vomiting, and 
diarrhea.62

Symptoms of a minimally invasive electro-
surgical injury can occur days after discharge 
from the perioperative setting and may include 
infection from an injured intestinal tract. 
Prompt reporting of electrosurgical injury symp-
toms ensures timely treatment and minimizes 
adverse outcomes.62,73

IV.j. Potential hazards associated with surgical 
smoke generated in the practice setting should 
be identified, and safe practices established.83

Surgical smoke (ie, plume) is generated from 
use of heat-producing instruments such as 
lasers and electrosurgical devices.84,85 Analyses 
of the airborne contaminants produced during 
electrosurgery have shown that electrosurgery 
plume contains toxic gas and vapors (eg, ben-
zene, hydrogen cyanide, formaldehyde); bio-
aerosols; dead and living cell material, includ-
ing blood fragments; and viruses.86-91

Many additional hazardous chemical com-
pounds have been noted in surgical smoke.89,92-94 
These contaminants have been shown to have 
an unpleasant odor, cause problems with visi-
bility of the surgical site, cause ocular and 
upper respiratory tract irritation, and demon-
strate mutagenic and carcinogenic poten-
tial.86,88,90 Bacterial and/or viral contamination of 
plume has been highlighted by different 
studies.89,91,95,96

IV.j.1. Surgical smoke should be removed by use 
of a smoke evacuation system in minimally 
invasive procedures to prevent patient and 
health care worker exposure to surgical 
smoke contaminants.86

The National Institute of Occupational 
Safety and Health (NIOSH) recommends 
that smoke evacuation systems be used as 
the primary control to reduce potential 
acute and chronic health risks to personnel 
and patients.94

Local exhaust ventilation (LEV) is the 
primary means to protect patients and 
health care personnel from exposure to air-
borne contaminants generated by electro-
surgery.86 Potential health and liability risks 
may be reduced by the evacuation of surgi-
cal smoke.87

IV.j.2.   When surgical smoke is generated, an indi-
vidual smoke evacuation unit with a 0.1 
micron filter (eg, ultra-low particulate air 
[ULPA] or high efficiency particulate air 
[HEPA]) should be used to remove surgical 
smoke.86,88

During electrosurgery, cells are heated to 
a high temperature, which causes the cell 
membrane to rupture, releasing particles 
into the cavity. Electrosurgical procedures 
create particles approximately 0.7 microns 
in size.89

IV.j.3. Surgical smoke should be evacuated and fil-
tered during laparoscopic procedures and at 
the end of procedures when the pneumo-
peritoneum is released.

Smoke generated in the pneumoperito-
neum may be more concentrated than 
smoke generated from an open surgical pro-
cedure if it accumulates in the closed cav-
ity.97 The risk to the patient from exposure 
to this concentrated smoke is not yet identi-
fied. Results of studies investigating port 
site metastasis, also known as the chimney 
effect, have shown that electrosurgical 
smoke has the potential to serve as a vehicle 
for transplanting malignant cells in benign 
tissue.85,89,92,97 Surgical smoke contains both 
large and small particles that negatively 
affect visibility during laparoscopic proce-
dures.97,98 At the end of the procedure, if the 
smoke in the pneumoperitoneum is 
released directly from a cannula and with-
out a filter, the concentrated smoke can 
expose the perioperative team members to 
contaminants.92,97

IV.j.4. Used smoke evacuator filters and tubing 
should be considered potentially infectious 
waste. These used devices should be han-
dled using standard precautions and dis-
posed of as biohazardous waste.86-88

Airborne contaminants produced during 
laser and electrosurgical procedures have 
been analyzed and shown to contain gas-
eous toxic compounds, bioaerosols, and 
dead and living cell material.87-89  Bacterial 
and/or viral contamination of smoke plume 
also has been identified.95,96

Recommendation V 

Potential injuries and complications associated with MIS and 
computer-assisted procedures should be identified and prac-
tices should be established to reduce risk.

MIS and computer-assisted procedures often involve 
use and application of complex technologies that may 
require unique safety precautions.

V.a. The perioperative team should determine what 
emergency supplies and equipment should be 
available before the procedure begins.99
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In an analysis of complications from retroper-

itoneoscopic procedures of the urinary tract, 
researchers found that the rate of complications 
was dependent on the complexity of the proce-
dure and the learning curve of the surgeon.100 
The risk of conversion from MIS to an open pro-
cedure may not always require a double setup 
for an open procedure. Conversion rates vary 
according to specific procedures and complexi-
ties, ranging from 4.6% to 7.4%.7,100,101 Histori-
cally, 1.2% of the patients undergoing laparo-
scopic cholecystectomy required conversion to 
a laparotomy.102 Injuries to bowel and major 
blood vessels in gynecology cases range in fre-
quency from 0.05% to 0.14%.103

V.b. Specific positioning devices should be provided 
to secure the patient and provide safety in 
accordance with the AORN “Recommended 
practices for positioning the patient in the peri-
operative practice setting.”104

MIS surgery may require exaggerated patient 
positioning to displace viscera and enhance vis-
ibility for the surgical team. More complex pro-
cedures are being done with MIS and computer-
assisted techniques, consequently the operating 
procedure time may be prolonged when com-
pared to MIS procedures with lower acuity. 
Access to the patient may be limited by robotic 
surgical systems.105 The patient also may be in 
extreme positions for extended periods of time, 
and when a robot is docked to the patient dur-
ing the procedure, repositioning is improbable, 
if not impossible.44,106 Restraints or methods to 
secure the patient to the procedure bed may be 
necessary if extreme Trendelenburg or reverse 
Trendelenburg positions are used.44 The 
patient’s position may be adjusted to facilitate 
the surgeon and assistant’s view of the monitors 
and ergonomic access to laparoscopic instru-
ments and accessories. One member of the sur-
gical team may be positioned between the 
patient’s legs when he or she is in the lithotomy 
position.21 For surgical reasons, it may be neces-
sary to tuck the patient’s arms at his or her sides 
to make room for other assistants and to avoid 
moving the armboards to angles of more than 90 
degrees.107 The patient is at risk of injury to the 
brachial plexus caused by stretching if the arms 
are positioned in an exaggerated abduction rais-
ing them above the head.108

V.b.1. The perioperative RN should initiate 
actions to reduce the risk of pressure on the 
patient during MIS and computer-assisted 
procedures.

There is increased risk of adding pres-
sure on the patient when the robotic arms 
are brought into position and docked. Static 
positions are often required in MIS proce-
dures, increasing the risk of personnel lean-
ing on the patient during the procedure.

V.b.2. The perioperative RN should ensure the 
patient is undocked from the robotic system 
before repositioning is initiated.

If the decision is made to reposition the 
patient during a long procedure using 
robotic systems, the patient is at risk for 
injury if proper procedures for docking and 
undocking are not followed.

V.c. Electrical cords and plugs should be handled in 
a manner that minimizes the potential for dam-
age and subsequent patient or staff injuries.  

Stress on cords that are too short may cause 
damage to the cord, posing an electrical hazard. 
Cords that are too short also increase the risk for 
tripping members of the perioperative team.41

V.c.1. Equipment should be placed near the sterile 
field, with cords reaching the wall or col-
umn outlet without stress on a cord.41

It may be necessary to consult with the 
manufacturer and biomedical personnel to 
change the cord lengths to avoid the use of 
extension cords. Cords that do not lie flat or 
are stretched create a risk for tripping, fray-
ing of the cord, or accidental unplugging of 
the equipment. Use of extension cords can 
result in excessive current leakage and/or 
electrical-system overload.41

V.c.2. Cords should be free of kinks, knots, and 
bends that could damage the cord or cause 
leakage, current accumulation, and over-
heating of the cord’s insulation.41

V.c.3. Cords should be removed from use if they 
are frayed or char debris is noted.

V.c.4. Cords should be kept away from fluids. 
Fluids dripping onto the cord or connec-

tions cause electrical hazards.109

V.d. Protective measures should be implemented to 
prevent fire or thermal injury. Measures should 
include, but not be limited to, the following: 

Turn off light sources when they are not in 
use. 
Hold fiber-optic light cables away from 
drapes or place on a moist towel. 
Connect all fiber-optic light cables before 
activating the source. 
Place the light source on standby when dis-
connecting fiber-optic light cables. 
Allow all flammable prep solutions to dry 
fully before placing surgical drapes.41,110

The heat from fiber-optic light cables or 
endoscopes may burn the skin and may cause 
drapes to burn. Hot fiber-optic light cables 
increase the risk of fire when in contact with 
flammable materials. A moist towel can help to 
cool the light cable.110

V.e. Fiber-optic light cables should be inspected reg-
ularly for broken light bundles before use.

Broken light bundles will diminish the trans-
mission of light and decrease visibility. Having 
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sterile backup cables readily available decreases 
surgical delays.

V.e.1. Fiber-optic light cables should be long 
enough to reach from the surgical field to 
the equipment without undue stress. 

Tension increases the risk that the fiber-
optic light cables will become disconnected 
or break, thereby creating a safety hazard for 
patients and personnel.

V.e.2. A backup fiber-optic light cable should be 
available and used if broken light bundles 
are apparent.

V.f. Considerations to prevent surgical site infection 
should be implemented with all MIS and com-
puter-assisted procedures.

Specialized cells line the peritoneal cavity 
and serve as the first line of defense for the 
immune system in the abdomen. This defense 
system of the peritoneum may be negatively 
affected by the pneumoperitoneum used in 
many MIS procedures. This is important 
because intra-abdominal infections often begin 
in the peritoneal cavity.111 The mechanical dis-
tension changes the peritoneal microstructure 
allowing passage of bacteria. This systemic 
response coupled with the amount of tissue 
damage and the duration of the procedure may 
potentially lead to a higher risk for infection.112 

Single port access laparoscopy and natural 
orifice transluminal endoscopic surgery 
(NOTES) are examples of new approaches for 
MIS procedures. It is important to clarify access 
points before the surgery to prepare the skin ade-
quately for the incision and for any expanded 
incisions that might be necessary.113-119

V.f.1. Care should be taken when retrieving speci-
mens to prevent cross contamination and 
ensure complete extraction.

Infection rates for laparoscopic cholecys-
tectomies has been reported to be as low as 
0.38 infections per 100 procedures.120 How-
ever, other procedures may have a higher 
risk of infection from the extraction of an 
infected appendix or infected cysts through 
a small incision. In such procedures, there 
is a need for careful handling with atrau-
matic grasping forceps or specimen bags to 
avoid rupture and contamination into the 
peritoneal space.121,122 Morcellators may be 
used to cut up and remove large speci-
mens.122,123 There is a potential for retained 
myomas or dissemination of various can-
cers when using a morcellator.123

V.g. Endoscopic trocars and Veress needles should 
be selected based on safety criteria established 
for the practice setting.

Catastrophic patient injuries may occur from 
excessive use of pressure during trocar insertion. 
Trocar injuries are grouped into three primary 
groups: vascular, visceral, or the anterior or pos-

terior abdominal wall.124 There are three tech-
niques used for trocar insertion: direct or blind 
insertion, Veress needle technique, and the Has-
son technique. Risks of gas embolism or forma-
tion of subcutaneous or subfascial emphysema 
are possible when using a Veress needle before 
insufflation and trocar insertion. The Hasson 
technique, also known as a “cut down” or 
“open” technique, exposes the fascia using a 
scalpel to make a 2-cm to 3-cm skin incision. 
Shielded trocars also may help to reduce the risk 
for trocar injuries.124,125

V.h. MIS and computer-assisted equipment and 
accessories should be used in a manner that 
minimizes the potential for injuries.

V.h.1. Instructions for MIS and computer-assisted 
equipment use, warranties, and a manual 
for maintenance and inspections should be 
obtained from the manufacturer and be 
readily available to users.

V.h.2. All MIS and computer-assisted equipment 
should be checked before use.

White balancing may be required for 
optimum video image for both traditional 
laparoscopic and robotic surgery. Appropri-
ate lighting for cameras facilitates surgeon 
and surgical team visualization for the pro-
cedure. Voice-activated systems or other 
technologies that allow the surgeon to con-
trol settings may facilitate efficiency during 
the procedure.126

V.i. Data collected during the procedure should be 
monitored and retrieved before shutting down 
the video systems.

V.i.1. Video equipment should have adequate 
memory and retrieval capabilities through-
out the procedure and for documentation. 

V.j. Special considerations should be implemented 
for the intraoperative MRI environment.

V.j.1. Equipment and other items should be 
labeled as safe for use in the MRI environ-
ment or secured to minimize the risk for 
injury.

Metal objects (eg, oxygen tanks, stretch-
ers, surgical instruments) can become pro-
jectiles in the MRI environment. It may be 
necessary to acquire equipment or other 
items that are composed of titanium, plas-
tic, ceramic, aluminum, or a high-grade 
nonmagnetic stainless steel. Metal items 
that remain in an MRI environment can be 
tethered to the wall or secured in another 
way that has been tested to prevent patient 
or perioperative personnel risk for injury.32

V.j.2. When in an MRI environment, electrical 
cords should not cross each other or loop.

Patient burns may result if there is a coil 
or antenna placed on the patient over an 
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electrical cord (eg, electrosurgical pad, rec-
tal probe).32

Recommendation VI 

Potential patient injuries and complications associated with 
gas distention media used during MIS procedures should be 
identified, and practices that reduce the risk of injuries and 
complications should be established.

Although endoscopic procedures are minimally inva-
sive from the surgical perspective, the use of CO2 to 
establish pneumoperitoneum increases the risk of 
hypercarbia, hypoxemia, subcutaneous emphysema, 
pneumothorax, and other hemodynamic changes 
depending on the patient’s medical history.45,46,127,128 
End tidal CO2 is closely monitored to detect the onset 
of hypercarbia, especially for patients with compro-
mised pulmonary function.129 

Nitrous oxide may be beneficial for patients who 
have depressed pulmonary function and may be 
advantageous over other gases if an IV embolization 
occurs.45,127 The fear of combustion when using nitrous 
oxide was a topic studied in 1995. The researchers 
reported that the risk of combustion is low when using 
nitrous oxide for the pneumoperitoneum in gastroin-
testinal laparoscopic procedures because the mixture 
of methane and hydrogen were not in a high enough 
concentration for combustion to occur. They con-
cluded nitrous oxide is an option not only for patients 
with cardiopulmonary and metabolic acidosis, but also 
for prolonged procedures and for pregnant patients 
because of the concern for fetal acidosis when using 
CO2.130 

Air and oxygen are not used for insufflations during 
laparoscopy because of the risk of combustion when 
electrosurgery or lasers are used. Helium and nitrogen 
are not used because they are not as soluble as CO2, 
which increases the risk for more serious conse-
quences in the event of a gas embolism. There are cost 
concerns with using helium. Argon has a negative 
effect on hepatic blood flow.45 

Carbon dioxide insufflation is one cause of hypo-
thermia because of the exposure of the peritoneal sur-
face to a large volume of CO2 gas that is insufflated at 
room temperature.131 However, the other contributing 
factors of thermal loss include, but are not limited to, 

• irrigation fluids or fluids as distention media, 
• OR temperature, 
• exposed body surface, 
• procedure length, and 
• the patient’s age and medical condition.
Many studies have been conducted to investigate 

the potential benefits of heating CO2 or adding humid-
ity, not only for the prevention of hypothermia but also 
for the effect on postoperative pain.131-137 Of the studies 
reviewed, only one reported a significant decrease in 
heat loss during the surgery and reduced postoperative 
shivering, pain, and analgesic requirement.135 Most 
researchers report there is no difference in patient out-
comes when the temperature or humidity for CO2 
insufflation is changed.131-134,136,137 Two researchers 
reported they still prefer to use heated and/or humidi-

fied CO2 for insufflation because it has a positive effect 
on the total OR time and decreased the amount of time 
the surgeon spent cleaning the scope and the need for 
changing the warm saline to prevent fogging.134,137 Mis-
placement of the Veress needle directly into a vein or 
parenchymal organ can lead to a CO2 gas embolism. 
Sixty percent (60%) of the symptomatic cases of gas 
embolism occur during initial insufflation.127 Gasless 
laparoscopic techniques rely on an abdominal wall lift 
to create an intra-abdominal space at atmospheric pres-
sure to eliminate the risk of hypercapnia and CO2 
embolization. This technique or a combination of 
abdominal wall lifting with low-pressure pneumoperi-
toneum may be a good alternative for laparoscopic 
cholecystectomy procedures for elderly patients or 
those with cardiopulmonary problems.45 Researchers 
in Kentucky evaluated five different insufflation tech-
niques from a retrospective analysis of more than 3,000 
laparoscopic procedures over a 13-year period. The 
research findings revealed that certain laparoscopic 
methods were more appropriate for patients with par-
ticular characteristics (eg, previous surgery).138 There is 
also a risk for CO2 embolism during minimally inva-
sive vein harvesting when CO2 is used to create a 
closed tunnel to prepare and harvest the greater saphe-
nous vein or radial artery.139,140 

VI.a. The cylinder should be checked to verify that it 
contains the appropriate gas and that it is suffi-
ciently full before starting the procedure.

Carbon dioxide is the most commonly used 
insufflation gas because it is readily absorbed by 
the body and excreted by the lungs, does not 
support combustion, and is commonly avail-
able.45,127 Changing the gas tank when it is 
empty disrupts the gas flow and risks a decrease 
in the intra-abdominal pressure. In some cases, 
it also may cause a malfunction in the suction 
and pumping mechanism. This can lead to a 
risk of contamination from aspiration of fluids 
toward the insufflator.141

VI.a.1. Before use, gas cylinders should be checked 
for 
• appropriate label, 
• appropriate pin-index safety system 

connector, 
• appropriate color coding, and 
• volume.41

VI.b. The insufflator should be elevated above the 
level of the surgical cavity.  

When the pressure on the patient side is 
higher than at the insufflator connecting point, 
body fluid or gas is allowed to flow up the tro-
car cannula through the insufflation tubing and 
into the insufflator. This may result in cross 
contamination or damage to the insufflating 
device.141

VI.c. The insufflator and insufflation tubing should 
be flushed with gas before personnel connect 
the tubing to the cannula (eg, Veress needle). 
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Flushing removes residual air from tubing, 

reducing the risk of air embolism. It also deter-
mines whether residues are present inside the 
insufflator.141

VI.d. Carbon dioxide insufflators should be filtered 
with a single-use hydrophobic filter that is com-
patible with the insufflator and impervious to 
fluids. 

A filter helps prevent gas cylinder contami-
nants from flowing through the insufflator into 
the surgical cavity, prevents backflow of abdom-
inal fluids and particulates that could contami-
nate the insufflator, and prevents cross contami-
nation. When the filter is compatible with the 
insufflator, it does not interfere with flow rate.141 
Cylinders with nonferrous internal surfaces and 
surfaces incapable of creating residual material 
that could escape during the gaseous phase of 
delivery may be helpful in preventing the trans-
fer of particulate matter.142

VI.e. Insufflators designed for laparoscopic proce-
dures should not be substituted for insufflators 
designed for hysteroscopy procedures.

The American College of Obstetricians and 
Gynecologists recommend that insufflators 
designed for use with laparoscopic procedures 
are not to be used for hysteroscopy proce-
dures.56 Laparoscopic insufflators supply large 
volumes at low pressures. Hysteroscopic insuf-
flators supply high pressures with low volume.

VI.f. Insufflator pressures should be monitored 
throughout the procedure.

Maintaining intra-abdominal pressure under 
12 mmHg in adult patients reduces the risk of 
systemic hemodynamic changes.127,141,143-145 For 
heavier or taller patients, an intra-abdominal 
pressure of 20 mm Hg to 30 mm Hg may be nec-
essary to establish the appropriate pneumoperi-
toneum.103 For pediatric patients, the insuffla-
tion pressures should be set as low as possible 
while creating the pneumoperitoneum; how-
ever, there are no known studies to define stan-
dard ranges.47 Monitoring intrauterine pressures 
to less than 100 mm Hg helps minimize the risk 
of gas embolization.56

VI.f.1. A second CO2 cylinder should be readily 
available for each procedure.

VI.f.2. The CO2 cylinder should be replaced before 
it is empty. 

Methods of monitoring the level of 
remaining gas in the cylinder include, but 
are not limited to, observing the insufflator 
gas cylinder gauge level, monitoring the 
refill history, and tracking cylinder use. The 
flow of contaminants occurs more readily 
when the volume of remaining gas in the 
cylinder is low. Replacing the primary cyl-
inder before the gas level is low helps pre-
vent contamination of the sterile field by 
particulate matter.142

VI.g. The insufflator tubing should be disconnected 
from the trocar cannula before personnel deacti-
vate the insufflator.

VI.h. Endoscopic CO2 insufflators should be equipped 
with alarms that cannot be deactivated.41

Alarms alert personnel to equipment 
malfunction.

VI.i. When using an AEC unit during MIS proce-
dures, personnel should follow all safety mea-
sures identified for AEC technology.

AEC acts as a secondary source of pressur-
ized argon gas that can cause the patient’s intra-
abdominal pressure to rise rapidly and exceed 
venous pressure, possibly creating argon-
enriched gas emboli formation. This has 
resulted in gas emboli.79,80

VI.i.1. The active electrode and argon gas line 
should be purged according to the manufac-
turer’s recommendations.79

VI.i.2. The patient’s intra-abdominal cavity should 
be flushed with several liters of CO2 
between extended activation periods.79

Flushing the intra-abdominal cavity with 
several liters of CO2 between extended peri-
ods of activation reduces the potential for 
argon gas emboli formation.79

VI.i.3. Patient monitoring should include devices 
that are considered effective for early detec-
tion of gas emboli (eg, end-tidal carbon 
dioxide).78,79,81

There is a significant risk of gas embo-
lism when AEC is used during laparoscopic 
procedures from abdominal over-pressuriza-
tion and displacement of CO2 by argon 
gas.79-82

Recommendation VII 

Potential injuries and complications associated with fluid used 
for irrigation or as distention media during MIS and computer-
assisted procedures should be identified and practices should 
be established to reduce risk.

Many MIS procedures require irrigation fluid to clear 
the operative field of blood and debris or fluid used as 
a distention media to create a broader visual operative 
field inside a cavity. Patient outcomes may not be opti-
mal, if fluids used for irrigation or as distention media 
are not managed appropriately. Fluid extravasation, 
hyponatremia, hypervolemia, cardiovascular and 
peripheral vascular complications, pulmonary air or 
fluid emboli, and hypothermia are a few examples of 
complications resulting from mismanagement of dis-
tention media or irrigation fluids.146,147  Monitoring and 
early recognition of the complications associated with 
the intraoperative use of distention media or irrigation 
fluids are keys to maintaining patient safety and qual-
ity control for MIS procedures.
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VII.a. Perioperative registered nurses should be aware 

of uses, contraindications, and risk of fluids 
used for distention media.

The selection of fluid to be used for irrigation 
or distention media depends on the type of  
procedure being performed, the patient’s condi-
tion, and the use of electrosurgery. 

For example, for arthroscopy procedures nor-
mal saline (ie, 0.9% sodium chloride) is used 
unless monopolar electrosurgery is planned. 

Normal saline and Lactated Ringer’s solution 
are isotonic, electrolyte fluids. The American 
College of Obstetricians and Gynecologists con-
sider these solutions to be the media of choice 
for diagnostic hysteroscopy or intraoperative 
hysteroscopy when mechanical, laser, or bipolar 
energy is used.56 Low viscosity, hyperosmolar, 
electrolyte-poor fluids (glycine 1.5%, sorbitol 
3%, and mannitol 5%) are compatible with 
monopolar radio-frequency energy but can 
cause hyponatremia and decreased serum osmo-
lality. Their absorption in excess can result in 
fatal complications such as cerebral edema and 
death. Mannitol 5% is iso-osmolar and causes 
diuresis, which can lead to excessive absorp-
tion. Dextran 70 is a high-viscosity fluid and a 
potent plasma expander. Anaphylaxis and dis-
seminated intravascular coagulopathy have 
occurred when Dextran 70 has been used for 
uterine distention. This solution crystallizes on 
instruments and is very difficult to remove. 
Dextran 70 is contraindicated for patients who 
are allergic to beet sugar.56 

Nonelectrolyte solutions such as glycine, 
mannitol, or sorbitol often are used in urologic 
procedures when monopolar electrosurgical 
devices are used. These solutions do not dissi-
pate the electrical current. Glycine is the fluid 
medium commonly used with monopolar elec-
trosurgical technology.148 The complication 
known as transurethral resection (TUR) syn-
drome may be observed when glycine is used as 
irrigating or distention media. Exposed blood 
vessels from tissue removal and elevated pres-
sure being applied to the distention fluid 
enables intravasation (ie, distention fluid flows 
into the vascular system).149 Monopolar electro-
surgical energy can result in temperatures up to 
400° C (752° F) because of the resistance with 
surrounding tissue.150 Bipolar electrosurgical 
use has achieved similar clinical efficacy to 
monopolar procedures, but with shorter cathe-
terization times and shorter hospital stays. For 
bipolar electrosurgical technology, normal 
saline, which reduces the occurrence of TUR 
syndrome, may be used as the fluid medium 
rather than glycine.150  

VII.b. Fluids used for irrigation or as distention media 
should be contained.

Fluid that is not contained cannot be mea-
sured. It is important to measure fluids returned 
from irrigation or distention media to monitor 

for fluid deficit. Fluid standing on the floor can 
pose a fall risk to surgical team members. Fluid 
becomes an electrical hazard when it comes into 
contact with electrical equipment. Containing 
the fluid prevents environmental contamination. 

VII.b.1. The patient should be draped in a manner 
that enables as much capture of fluid return 
as possible.

Drapes designed for collection facilitate 
the accurate measurement of fluid. Fluid 
absorption is determined through monitor-
ing the volumetric fluid balance by subtract-
ing the amount of fluid recovered from the 
amount of fluid instilled. The volumetric 
calculation does not take into consideration 
extraneous fluid losses (eg, fluid loss on the 
floor, on the drape), which cannot be accu-
rately quantified, nor does it consider addi-
tives, such as blood. 

VII.b.2. Fluid administered to the patient should be 
collected in a closed container system.

Using a suction canister or fluid collec-
tion system prevents the fluid from contam-
inating the environment and the clothing of 
personnel. Surgical drapes with fluid col-
lection pouches may assist in preventing 
fluid from contaminating the floor. Fluid 
collection mats on the floor may assist with 
managing fluid that does contact the floor.

VII.b.3. Fluids used for irrigation or as distention 
media should be prevented from coming 
into contact with electrical equipment.

Containing fluid used during a procedure 
prevents contact with electrical outlets, 
switches, and the internal components of 
electrical equipment including electrosurgi-
cal electrodes. Preventing fluid contact with 
electrical equipment minimizes the risk of 
burns, fires, and damage to the equipment.

VII.b.4. Fluid used during a procedure must be han-
dled and discarded as a biohazardous waste 
in a manner consistent with local, state, and 
federal regulations.

Fluid that has been used inside a 
patient’s body is considered biohazardous. 
Management of biohazardous waste is regu-
lated by federal, state, and local agencies.151

VII.c. Fluids used for irrigation or as distention media 
should be monitored for appropriate temperature.

Fluids that are too warm can cause burns.39 
Cool irrigation solutions in body cavities 
enhance heat transfer from the body core to the 
solution and increase the risk of heat loss. Peri-
operative hypothermia is associated with seri-
ous cardiac events.147 Equipment is commer-
cially available to warm irrigation fluid as it is 
administered. 

Warming irrigation fluid to body temperature 
near 37° C (98.6° F) is an adjunct therapy to 
decrease heat loss but is insufficient alone to 
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prevent hypothermia.152 In a study of patients 
undergoing laparoscopy without forced air 
warming, patients receiving warmed irrigation 
solutions maintained higher core body tempera-
tures than those receiving room temperature 
solutions. However, warmed irrigation fluids 
alone did not prevent hypothermia.153 No 
improvement in body temperature was found 
when using warmed irrigation during 
arthroscopic surgery.154 

The value of warming irrigation solutions 
during urologic procedures is controversial. The 
procedure associated with the greatest tempera-
ture drop is percutaneous lithotripsy.155 The 
combination of warmed irrigation and IV fluids 
has been found to result in less of a temperature 
drop in patients undergoing TUR.156 When 
active patient surface warming was used during 
TUR, patients remained normothermic when 
room temperature irrigation fluids were used. 
Researchers reported that the temperature of the 
irrigation fluid did not have as great an effect on 
the core body temperature as other factors, 
including ambient temperature of the OR, time 
spent in the OR, the resection time, and amount 
of irrigation fluid absorbed.157 

Using warm distention media for hysteros-
copy may dilate the vasculature and lead to 
intravasation.158,159

VII.d. Fluid management systems should be used in a 
manner that minimizes potential for injury.

Automated fluid management systems calcu-
late the amount of fluid dispensed to the patient 
and compare this with the amount returned to 
the system. The deficit is measured and an 
alarm alerts the user of potential fluid overload. 
This timely notification of a deficit provides an 
opportunity to take corrective action before 
physiologic compromise of the patient. 

VII.d.1. The perioperative RN should follow the 
manufacturer’s written instructions for use 
of fluid management systems.

VII.d.2. The fluid selected for the distention media 
should be consistent with the fluid manage-
ment system and the endoscope manufac-
turer’s written instructions. 

VII.d.3. Accessories (eg, tubing, collection canisters) 
should be compatible with the fluid man-
agement system.  

Fluid management system tubing has a 
transducer that works with the electronic 
equipment to measure input and output. 
Using incompatible tubing results in inac-
curate fluid measurements.

VII.d.4. The perioperative RN should calibrate the 
fluid management system as per the manu-
facturer’s instructions.

Proper calibration of the fluid manage-
ment system will calculate instillation and 
total fluid deficit amounts accurately.  

VII.d.5. A fluid management system designed for 
intrauterine distention should be used 
when distending the uterus with more than 
1,000 mL of fluid.

The amount of fluid contained in an IV 
bag or bottle can be up to 3.3% to 10% 
more than the amount stated on the 
label.160,161 The actual amount of fluid in col-
lection canisters may be 20% more or less 
than the measured amount. When large vol-
umes of fluid are instilled, this inaccuracy 
can result in unidentified fluid deficit.160 
This inaccuracy may not be clinically sig-
nificant when small volumes (ie, less than 
1,000 mL) are used.

VII.d.6. The perioperative RN should verify the vol-
ume setting for fluid distention with the 
surgeon before administration.

Volume settings are based on the proce-
dure being done, the size of the patient, and 
the patient’s condition. During operative 
endoscopic urologic procedures, large vol-
umes of fluid are instilled to enhance visu-
alization and evacuate tissue and blood 
clots. Irrigation fluid can be absorbed into 
the intravascular system by instrument per-
foration during tumor or fibroid resection, 
or forced into the intraperitoneal or retro-
peritoneal space. The amount of fluid 
absorbed increases with the extent of the 
resection and prolonged exposure.146 Smok-
ing is the only known risk factor for 
patients that is associated with an increase 
in fluid absorption.162

VII.e. The perioperative RN should monitor the 
amount of fluid dispensed and returned during 
the procedure. 

Monitoring irrigation fluid use facilitates cal-
culation of blood loss and determines existing 
fluid deficit, representing fluid that is being 
absorbed by the patient (ie, fluid intravasation). 
Dilutional hyponatremia is associated with 
intravasation of non-electrolyte solutions. Rapid 
influx of hypotonic fluid increases circulation of 
free water and reduces the extracellular sodium 
concentration.54,163 During hysteroscopy proce-
dures, fluid is absorbed through the uterine ves-
sels and the bowel if there is a perforation, or 
the fluid egresses through patent fallopian 
tubes. This can lead to serious complications. 
Measuring fluid volume deficit can prevent 
complications when identified early and the 
procedure is terminated.56 

The critical volume of intravasation before 
symptoms are exhibited is not predictable.164 
The American College of Obstetricians and 
Gynecologists suggest that 750 mL of fluid 
absorption implies excessive intravasation. 
They further advise planning for terminating 
the procedure for patients who are elderly and 
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for those with cardiovascular compromise when 
this occurs.56 

The incidence and severity of fluid symptoms 
from increased amounts of intraoperative or post-
operative absorbed fluid have been documented 
during TUR and endometrial ablation proce-
dures. During TUR procedures where glycine 
was used as the fluid distention media, patients 
exhibited symptoms of excessive fluid absorption 
when 1 L to 2 L of fluid had been absorbed.146  

VII.e.1. Fluid deficit amount should be reported to 
the anesthesia care provider and surgeon at 
regular intervals throughout the procedure.

Fluid absorption increases  with 
increased length of the procedure. Complet-
ing procedures in one hour or less may help 
limit complications from fluid absorption.146

VII.e.2. The perioperative RN should initiate correc-
tive action in response to audible alarms 
from the fluid management system and 
notify the surgeon and anesthesia care pro-
vider if corrective actions do not result in a 
decrease of fluid volume deficit to a safe 
level.

VII.e.3. The patient should be monitored for physi-
ologic changes, including core temperature 
and potential fluid retention.

TUR syndrome, mild to moderately 
severe absorption of nonelectrolyte solu-
tion, occurs in up to 8% of patients under-
going TUR. Absorption of more than 1 L has 
been reported in 5% to 20% of TURs and 
results in symptoms.146 The most serious 
adverse events occur when more than 3 L of 
fluid are absorbed.146 Extravasation can 
occur during renal stone surgery or when 
instruments perforate the bladder or pros-
tate capsule.146 Glycine absorption causes 
circulatory (ie, chest pain, bradycardia, 
hypertension) and neurological (ie, blurred 
vision, nausea and vomiting, apprehension, 
confusion) symptoms.146 In a recent study of 
patients undergoing transurethral resection 
of the prostate (TURP), glycine absorption 
was associated with echocardiogram 
changes and myocardial stress.149 Physio-
logical responses that can result from exces-
sive fluid absorption include 
• cardiac overload, 
• cerebral edema, 
• dilutional hyponatremia, and 
• water intoxication.146,149,165

VII.e.4. The patient’s neck and facial area should be 
assessed intraoperatively when volumetric 
fluid calculations are being performed.  

Manual volumetric calculations made 
intraoperatively provide crude estimates 
only. Edema of the parotid area is a late sign 
of interstitial edema that develops as a 
result of a fluid deficit up to or greater than 

1,000 mL. Manual calculation is a simple 
and inexpensive means to determine fluid 
deficit over 1,000 mL when accurate  
volumetric fluid balance calculations are 
hampered by extraneous fluid losses.166

VII.e.5. The nurse should be prepared to coordinate 
and report laboratory testing of serum 
electrolytes.

When the patient is at risk of hyponatre-
mia, serum electrolyte or urine electrolyte 
testing often is performed. Normal serum 
sodium is 135 mmol/L to 145 mmol/L. 
Hyponatremia occurs when serum sodium 
levels fall below 135 mmol/L.167,168

VII.f. Patients should be monitored for adverse reac-
tions when medications are added to fluids 
used for irrigation or distention media.

Antibiotics may be added to irrigation fluid 
for MIS procedures. For arthroscopy proce-
dures, epinephrine may be added to the  
irrigation/distention fluid medium resulting in 
vasoconstriction and hemostasis with an 
increased visual field for the surgeon.

Recommendation VIII 

The patient’s physiologic response, including core temperature 
and potential  f luid retention, should be evaluated 
postoperatively.

Nausea and vomiting are common postoperative com-
plaints after laparoscopic surgery and can cause delays 
in the patient’s discharge.45 Signs and symptoms 
related to fluid and medication absorption can occur 
after the procedure. The most common signs and 
symptoms reported after a urologic procedure are nau-
sea, hypotension, low urinary output, visual distur-
bances, and confusion. Abdominal pain accompanied 
by hypotension and poor urinary output may be an 
indication of extravasation of fluid.146 Adverse events 
related to irrigation and distention fluid may occur 
postoperatively. Pulmonary edema in the postanesthe-
sia care unit has been reported in healthy, young 
patients after orthopedic arthroscopy procedures.169 
The potential  for  complications related to  
extra-articular fluid migration is likely to increase in 
relation to the duration and complexity of the 
arthroscopic procedure. Prolonged use of high irriga-
tion flow rates and pressures (eg, 100 mm Hg for 60 to 
9 0  m i n u t e s )  m a y  i n c r e a s e  t h e  r i s k  o f 
complications.170,171

Recommendation IX 

Personnel should receive initial and ongoing education and 
demonstrate competency in the perioperative nursing care of 
patients who undergo MIS and computer-assisted procedures 
and in the use of MIS and computer-assisted equipment. 

Initial education on the nursing care of MIS patients, 
procedures, and related equipment provides direction 
for personnel in providing safe patient care. Additional 
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periodic educational programs provide opportunities 
to reinforce previous learning, introduce new informa-
tion on changes in technology, its application, compat-
ibility of equipment and accessories, and potential 
hazards. 

IX.a. An introduction and review of policies and pro-
cedures for MIS and computer-assisted proce-
dures should be included in orientation and 
ongoing education of personnel.

Review of policies and procedures assists 
health care personnel in the development of 
knowledge, skills, and attitudes that affect 
patient outcomes.

IX.b. Perioperative RNs should be knowledgeable 
about new instrumentation; equipment; com-
puter-assisted technology (eg, robotics, voice 
recognition software); and camera technologies 
being used in the health care organization.

Technology is continually evolving. Rapid 
technological advances require continuous 
learning and skills updating to maintain 
competency.

IX.b.1. Perioperative personnel should demonstrate 
competency in the use of MIS and com-
puter-assisted equipment, following manu-
facturers’ written instructions, before use. 

Instruction and return demonstration in 
proper usage minimizes the risk of injury 
and extends the life of the equipment. Com-
petencies based on the manufacturer’s 
instructions ensure that personnel have the 
knowledge about the proper use of the fluid 
management system and other MIS equip-
ment. Incorrect use can result in serious 
patient complications. Equipment instruc-
tion manuals assist in developing opera-
tional, safety, and maintenance guidelines 
and serve as a reference for safe, appropri-
ate use. 

IX.b.2. Education and competency validation 
should include all components of the MIS 
and computer-assisted equipment includ-
ing, but not limited to, 
• equipment operation and safety 

considerations, 
• computer system use, 
• position of equipment for specific surger-

ies, and 
• troubleshooting malfunctioning 

equipment.3

IX.b.3. The perioperative RN should be instructed 
in the safety considerations and risks of gas 
insufflation and demonstrate competency in 
the management of its risks. 

IX.b.4. Personnel should be instructed in the safety 
considerations and risks of electrosurgery 
and demonstrate competency in the use of 
electrosurgery equipment and related acces-

sories during MIS and computer-assisted 
procedures.57

IX.b.5. Personnel using AEC should be knowledge-
able about signs, symptoms, and treatment 
of venous emboli.

There is a significant risk of gas embo-
lism when AEC is used during laparoscopic 
procedures from abdominal over-pressuriza-
tion and displacement of CO2 by argon 
gas.79-82

IX.c. Personnel should receive education about the 
selection of fluids used for irrigation and disten-
tion media selection, fluid administration 
equipment and procedures, and fluid storage 
requirements.

IX.c.1. Education and competency validation 
should include, but not be limited to, 
• fluid storage and fluid warming 

equipment, 
• distention fluid selection, 
• proper use of distention fluid manage-

ment systems, 
• patient assessments, and 
• response to patient complications.

An understanding of appropriate use, 
risks, and precautions to minimize these 
risks provides the foundation for compli-
ance with procedures and the delivery of 
safe patient care.

IX.d. Team training and team building should be 
implemented whenever new procedures or new 
team dynamics are introduced (eg, hybrid/inte-
grated OR).

Creating a hybrid OR requires advanced edu-
cation of perioperative team members that 
emphasizes teamwork and the importance of 
what each member of the team brings to total 
patient care. Some team members may be resis-
tant to working together in a hybrid OR because 
of previous departmental borders. Techniques 
such as those described in the AORN Human 
Factors in Health Care Tool Kit may be useful 
for the education process.172

Recommendation X 

The perioperative RN should document the care of patients 
undergoing MIS and computer-assisted procedures throughout 
the continuum of care.

Documentation of all nursing activities performed is 
legally and professionally important for clear commu-
nication and collaboration between health care team 
members and for continuity of patient care.

X.a. Documentation using the PNDS should include 
a patient assessment, a plan of care, nursing 
diagnoses, identification of desired outcomes, 
interventions, and an evaluation of the patient’s 
response to the care provided.
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Documentation provides communication 

among all care providers involved in planning 
and implementing patient care. Standardized 
documentation allows the potential for consis-
tent data retrieval and comparison.

X.b. Documentation should be recorded in a manner 
consistent with the health care organization’s 
policies and procedures.

X.b.1. Documentation for MIS procedures should 
include, but not be limited to, 
• distention media used; 
• equipment used for distention media 

administration, including the equipment 
identification number; 

• quantity of fluid administered and flow 
rate; 

• quantity of fluid returned, if applicable; 
• urinary output; 
• medication added to distention fluid; and 
• relevant information about equipment 

used (eg, insufflation, electrosurgery, 
positioning).

Recommendation XI 

Policies and procedures for MIS and computer-assisted proce-
dures should be developed, reviewed periodically, and readily 
available in the practice setting.

Policies and procedures assist in the development of 
patient safety, quality assessment, and improvement 
activities. Policies and procedures establish authority, 
responsibility, and accountability with the organiza-
tion. They also serve as operational guidelines that are 
used to minimize patient risk factors, standardize prac-
tice, direct staff members, and establish guidelines for 
continuous performance improvement activities.

XI.a. The health care organization’s policies and pro-
cedures for MIS equipment must be in compli-
ance with the Safe Medical Devices Act (SMDA) 
of 1990, as amended in March 2000.173

XI.a.1. When patient or personnel injuries or 
equipment failures occur, the equipment 
and associated device(s) should be removed 
from service and the associated devices 
retained if possible. 

Identification and segregation of the com-
plete system allows for a thorough evalua-
tion and identification of the cause of the 
equipment failure.

XI.a.2. Incidents of patient or personnel injury or 
equipment failure should be reported as 
required by regulation to federal, state, and 
local authorities and to the equipment man-
ufacturer. Device identification, mainte-
nance and service information, and adverse 
event information should be included in the 
report from the practice setting.

Documentation of details of the involved 
equipment and associated devices allows 

for retrievable information for investigation 
into an adverse event.

XI.b. Policies and procedures must comply with the 
Standards of Privacy and Security of the Health 
Insurance Portability and Accountability Act of 
1996 for the protection of health information.174

XI.b.1. MIS patient privacy policies and proce-
dures should include, but not be limited to, 
• disclosure of information, 
• access to and use of databases, 
• access to and use of digital images, and  
• data security.

XI.c. Policies should be written and readily available 
in the practice setting.  

XI.c.1. Policies regarding MIS and computer-
assisted equipment should include, but not 
be limited to, 
• required qualifications and credentials 

for operation of specific equipment or 
devices (eg, radiologic, MRI equipment); 

• procedure scheduling related to equip-
ment availability; 

• equipment acquisition; 
• personnel training and competency vali-

dation before use of equipment; 
• equipment maintenance and repair; 
• types of MIS procedures approved in the 

practice setting; and 
• reporting of adverse events.

Compromised patient safety, delay in 
care, or cancellation of the procedure may 
result when required equipment or quali-
fied personnel are not available.175

XI.c.2. Policies and procedures regarding the selec-
tion, storage, administration, and required 
monitoring of fluid used for irrigation or 
distention media and gases used for disten-
tion media should include, but not be lim-
ited to, 
• manufacturers’ written instructions for 

storage, warming, and use of fluid admin-
istration or gas insufflation equipment; 

• requirements of regulatory and accredit-
ing agencies; and 

• evidence from published scientific 
literature.

Recommendation XII 

Quality assurance/performance improvement process should 
be in place that measures patient; process; and structural (eg, 
system) outcome indicators.

A fundamental precept of AORN is that it is the 
responsibility of professional perioperative RNs to 
ensure safe, high-quality nursing care to patients 
undergoing operative and other invasive procedures.176

XII.a. Structure, process, and clinical outcomes per-
formance measures should be identified. 
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Performance measures can be used to 

improve patient care and monitor compliance 
with facility policy and procedure, national 
standards, and regulatory requirements.176

XII.a.1. Process indicators should be collected, ana-
lyzed, and used for performance improve-
ment.176 Indicators may include, but are not 
limited to information about adverse patient 
outcomes and near misses associated with 
electrosurgery or other MIS or computer-
assisted equipment.

XII.b. Quality assurance/performance improvement 
processes should be in place to evaluate the 
safety of fluid management in the health care 
setting.  

Quality control programs that enhance per-
sonnel performance and monitor fluid manage-
ment efficacy are established to promote patient 
and employee safety.

XII.b.1. A quality management program should be 
in place to evaluate at least the following: 
• daily temperature checks of fluid warm-

ing storage cabinets, 
• temperature of warmed fluids at the 

point of use, 
• bioengineering safety checks for fluid 

warming and administration equipment, 
and 

• reporting mechanisms for adverse events 
and near misses related to fluid 
management.

XII.b.2. Adverse events and near misses related to 
fluid management or other MIS or computer-
assisted equipment should be reported and 
investigated and corrective action taken. 

Reporting adverse events and near 
misses through an adverse event reporting 
and investigation system provides a mecha-
nism to determine trends, potential risk fac-
tors, and evaluate the effectiveness of cor-
rective actions.  

XII.c. Fluid management systems and other MIS and 
computer-assisted equipment should be evalu-
ated and approved by the health care organiza-
tion’s biomedical personnel before use and 
assigned an identification or serial number for 
tracking.41

Hazards associated with medical equipment, 
if not corrected, may result in injury to patients, 
staff members, or visitors. The identification or 
serial number facilitates documenting mainte-
nance performed on the individual system and 
tracking of problems when they occur. Endo-
scopic equipment manuals provide guidelines 
for developing operating, safety, and mainte-
nance practices. Proper inspection, testing, use, 
and processing of equipment reduces the risk of 
adverse outcomes or damage to equipment. 
Equipment that functions correctly promotes 

patient safety and efficiency during the surgical 
procedure.175

XII.c.1. Correct control settings should be labeled 
on equipment and on a quick reference 
chart attached to the equipment. 

Standardization of equipment allows for 
interchangeability in the event of equip-
ment malfunction. 

XII.c.2. The manufacturer’s manual for maintenance 
and inspections for all MIS-related equip-
ment, written instructions for reprocessing 
any supplies or accessories, and warranties 
should be easily retrievable for the clinical 
perioperative team. 

Equipment instruction manuals assist in 
developing operational, safety, and mainte-
nance guidelines and serve as a reference 
for safe, appropriate use.  

XII.c.3. MIS equipment should have standard safety 
features including, but not limited to, 
appropriate alarm and monitoring systems. 
Clinical alarms should be audible and 
should not be disabled.41

Safety features include, but are not lim-
ited to, the following: 
• audible alarms for absence of fluid in the 

dispensing tubing, 
• audible alarms to indicate air in the fluid 

dispensing tubing, 
• audible alarms to indicate fluid deficit, 
• pressure regulated without fluctuation, 
• accurate outflow measure, 
• accurate measurement of fluid instilled 

and returned to the regulator, 
• measurement of intrauterine pressure, 

and 
• fluid management systems with accurate 

calculations of fluid volume deficit.

Glossary

Active electrode: The electrosurgical unit (ESU) 
accessory that directs current flow to the surgical site 
(eg, pencils, various pencil tips). 

Active electrode indicator shaft: An active electrode 
composed of two layers of insulated material of differ-
ent colors. The inner layer is a bright color, the outer 
layer is black. When the brightly colored inner layer is 
evident upon visual inspection, a break in the insula-
tion is indicated.

Active-electrode insulation testing devices: Devices 
designed to test the integrity of the insulation sur-
rounding the conductive shaft of laparoscopic electro-
surgical active-electrode instruments. The devices 
detect full thickness breaks in the insulation layer.

Active electrode monitoring: A dynamic process of 
searching for insulation failures and capacitive cou-
pling during monopolar surgery. If the monitor detects 
an unsafe level of stray energy, it signals the generator 
to deactivate.
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Alternate site injury: Patient injury caused by an 

electrosurgical device that occurs away from the dis-
persive electrode site. 

Argon-enhanced coagulation (AEC): Radio-fre-
quency coagulation from an electrosurgical generator 
that is capable of delivering monopolar current 
through a flow of ionized argon gas. 

Automated fluid management system: Mechanical 
medical devices designed to calculate the amount of 
fluid dispensed to the patient compared to the amount 
returned to the system; alarms alert the user to fluid 
deficit to prompt corrective action.

Bipolar resection devices: Mechanical medical 
devices that use an electrolytic solution to conduct 
electrical flow to resect tissue. Often used for hysteros-
copy procedures.

Capacitance: Ability of an electrical circuit to trans-
fer an electrical charge from one conductor to another, 
even when separated by an insulator. 

Capacitive coupling: Transfer of electrical current 
from the active electrode through intact insulation to 
adjacent conductive items (eg, tissue, trocars). 

Capacitors: Two conductors separated by an insula-
tor (eg, insulated active electrode, trocar cannula); 
instrument for storing electricity. 

Computer-assisted technologies: Robotic, interven-
tional radiology, voice-recognition software, or other 
computer technologies used to enhance minimally 
invasive surgery.

Dilutional hyponatremia: A decrease in the serum 
sodium level caused by intravasation of fluids, which 
dilute the soluble components of the serum.

Digital OR: Technology that includes a centralized 
database that allows continuous live feeds throughout 
the health care facility, allowing data retrieval (eg, 
video clips, still images) after the procedure for educa-
tional or reporting purposes. Synonym: Integrated OR.

Direct coupling: The contact of an energized active 
electrode tip with another metal instrument or object 
within the surgical field. 

Endoscopic surgery: A surgical technique using 
endoscopic instrumentation inserted through a natural 
orifice or through one or more small incisions.

Extravasation: To pass by infiltration or effusion 
from a proper vessel or channel (as a blood vessel) into 
surrounding tissue. 

Fluid deficit: When the amount of fluid infused to 
the patient is more than the amount returned to suc-
tion or fluid management system.

Hybrid OR: An operating room designed with 
numerous imaging technologies (eg, 3D angiography, 
computed tomography, magnetic resonance imaging, 
positron-emission tomography, intravascular ultra-
sound) to support surgical procedures that require 
multiple care providers with varied expertise to pro-
vide patient care in one location.

Hyponatremia: An abnormally low concentration of 
sodium ions in circulating blood. 

Hydrophobic insufflation filter: An in-line filter that 
retains a high percentage of particulates greater than a 
specified size. The hydrophobic media protects against 
fluid backflow into the insufflation gas.

Hypothermia: A decrease in core body temperature 
to a level below the normothermic range. 

Hypervolemia: An excessive volume of fluid in the 
vascular space.

Hysteroscopy: Endoscopic visualization of the uter-
ine cavity and tubal orifices. 

Insufflate: The introduction of a flow of gas into a 
body cavity. 

Insufflation: The act of blowing gas into a body cav-
ity or the state of being distended with gas for the pur-
pose of visual examination. 

Integrated OR: An operating room equipped with 
technology that centralizes control of audiovideo 
equipment and information systems and is capable of 
controlling a variety of equipment and activities 
within the surgical suite. Synonym: digital OR.

Intracorporeal mobile devices: Miniaturized robotic 
devices designed to allow access to restricted spaces 
for surgical or diagnostic purposes.

Intravasation: The entrance of foreign material or 
solution into a blood vessel. 

Light cable: Fiber-optic filaments joined into a cable 
used to transport light to the surgical field. 

Minimally invasive surgery: Surgical procedures 
performed through one or more small incisions using 
endoscopic instruments, radiographic and magnetic 
resonance imaging, computer-assisted devices, robot-
ics, and other emerging technologies.

Nanotechnologies: The science and technology of 
creating nanoparticles and of manufacturing machines 
that have sizes within the range of 0.1 to 100 nanome-
ters. An advanced technology involving the fabrication 
and use of devices so small that the convenient unit of 
measurement is the nanometer (one billionth of a 
meter).

NOTES: Natural orifice transluminal endoscopic 
surgery.

Pneumoperitoneum: The presence of air or gas 
within the peritoneal cavity of the abdomen often 
induced for diagnostic purposes.

Single-port access laparoscopy: One incision is 
used, rather than several incisions, to insert laparo-
scopic instrumentation.

Telepresence: Robotic and computer technology that 
allows a health care provider to interact physically 
with patients or other health care providers in remote 
locations.

TUR syndrome: A mild to moderately severe absorp-
tion of nonelectrolyte solution following transurethral 
resection.

Water intoxication: An increase in the volume of water 
in the body, resulting in dilutional hyponatremia.

White balancing: A part of the color balancing pro-
cess that renders neutral color adjustment to achieve 
balanced intensities and avoid unrealistic color casts.
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