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Abstract
Safety in the operating room (OR) has always been a major public health concern. It refers to
the safety of both the patient and the working personnel. Improving patient safety is an
increasing priority for surgeons and hospitals as sentinel events can be catastrophic for patients,
caregivers, and institutions. Although patient safety in the operating room (OR) has improved
in last decades, significant risks remain. Adverse events may be subtle and delayed (as a central
line-associated bloodstream infection due to poor hand hygiene) or dramatic and immediate
(e.g., a fire). All operating room personnel must have certain knowledge and skills to provide
safety and quality care to patients before, during and after surgery. Review focused on the
science of safety principles and efforts to improve safety in the OR.

Introduction

Surgical and anesthetic safety has improv-
ed significantly in the last few decades. Exa-
mples of important safety advances include
surgical techniques, technology for patient
monitoring such as pulse-oximetry to prev-
ent hypoxemia, and fail-safe systems as pin-
indexing systems for gas cylinders and lines
to prevent delivery of hypoxic gas mixtures.
Teamwork between anesthesiologists, surge-
ons, and nurses also improved the operating
room safety. But, operating room (OR) envi-
ronment continues to have significant safety
risks for patients, as well as health care pro-
viders who work there.

Scientific safety tools (WHO, 2019): Pati-
ent Safety is a health care discipline that em-
erged with the evolving complexity in heal-
th care systems and resulting rise of patient
harm in health care facilities. It aimed to pr-
event and reduce risks, errors and harm that
occur to patients during provision of health
care. A cornerstone of discipline was contin-
uous improvement based on learning from
errors and adverse events. Patient safety is
fundamental to delivering quality essential
health services. Indeed, there is a clear cons-
ensus that quality health services across the
world should be effective, safe and people-
centered. Also, to realize the benefits of qua-
lity health care, health services must be tim-
ely, equitable, integrated, & efficient. To en-
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sure successful improvement of patient safe-
ty strategies; clear policies, leadership capa-
city, data to drive safety improvements, ski-
lled health care professionals and effective
involvement of patients in their care, are all
needed.

Systems Engineering Initiative for Patient
Safety (SEIPS): One model of work system
design for patient safety is the Systems Eng-
ineering Initiative for Patint Safety (SEIPS)
(Carayon et al, 2006). This model was anch-
ored in the discipline of human factors en-
gineering and describes the five major com-
ponents of a health care system: 1-Tasks, 2-
Personnel, 3-Tools & technologies, 4- Phys-
ical environment, & 5- Organization.

Review and Discussion

In the Systems Engineering Initiative for
Patient Safety model, the interactions of
these five components drive the performance
of care processes and safety and quality
practices that determine patient, staff, and
organizational outcomes. When one compo-
nent of a care system is changed, it can have
a positive or negative effect upon the other
components, processes, and outcomes of the
system (Carayon et al, 2005).

Safe system design: The science of safety
requires recognition that everyone makes
mistakes. Well-designed systems must be in
place to prevent mistakes, make them visi-
ble, and reduce harm should the mistake oc-



cur. As an example, it is important to docu-
ment allergies to antibiotics before adminis-
tering prophylactic antibiotics to a surgical
patient. A well-designed system for allergy
documentation incorporates two drug allergy
checks by two different people, independent
of each other.
Safe system design is based upon 3 princi-
ples applied to technical work & team work:
Standardization: Standardization reduces
variability, and in turn reduces errors. As an
example, all medical gas equipment manufa-
cturers have standardized their equipment
with unique connectors for oxygen lines
& nitrous oxide lines, which adds reliability
and safety via standardization and is one of
the best safe design examples of the OR
technical work (Haynes et al, 2011).
Checklists: A checklist creates independe-
nt verification for critical steps in work proc-
ess (Weiser et al, 2010). Examples of check-
lists were care for placement of central lines,
and for preoperative briefing. The com-
prehensive preoperative assessment was the
tool that can be used to identify, document,
and communicate patient risk factors or
vulnerabilities. Risk assessment anticipates
the potential positive & negative consequen-
ces the patient experienced related to anesth-
esia & surgical procedure (Poldermans et al,
2008). The nurse asks complete name and
birthday, check identification bracelet and
compared with records, surgical consent, hi-
story and physical examination, surgical site
marking, blood, urine & stool specimens, x-
rays, both anesthesia and nurse interviews.
Learning from errors: Clinicians often
engage in “first order” problem solving by
using a temporary fix or work-around to
solve a pressing clinical problem. While a
temporary fix may solve the problem for one
patient, clinicians must employ “second
order” problem solving processes in order to
reduce risk to future patients. Second order
problem solving requires examination and
analysis of the event to identify problems
and design systems that defend against
future harm (Kavanagh, 2017).
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When things went wrong, the following
questions should be asked: 1- What happen-
ed? 2- Why did it happen? 3- What can do to
reduce the risk?, and 4-How to prove that
this risk was reduced?

The science of safety is based on underst-
anding that teams make wiser decisions
when there is diverse and independent input.
This means that input from all team memb-
ers was considered, including patients, par-
ents, and all clinicians involved in a patie-
nt’s care. Patients and their families add ex-
periential knowledge, but clinicians offer
discipline-specific knowledge. A culture of
safety allowed all team members to feel co-
mfortable and encouraged to voice their con-
cerns without fear of retribution or criticism,
regardless their position on the team (Suro-
wiecki, 2004).

Comprehensive unit-based safety program
(CUSP): A comprehensive unit-based safety
program (CUSP) made safety and quality a
permanent part of a clinical group’s mission
by fostering active communication, teamwo-
rk, and collaboration (Timmel et al, 2010).
As culture varied widely among units within
a hospital, CUSP was implemented at the
unit or clinical area level with a multidiscip-
linary team composed of physicians, nurses,
administrators, and other staff. CUSP not
only identified problems and works toward
solutions, but also it tapped into many peop-
le wisdom and can be a major force for cult-
ural change that sustained and reinforced the
patient safety initiatives (Pronovost et al,
2005). This program proved effective in ris-
ky environments, such as the ITU, and was
widely used in many different clinical areas,
including the OR (Holzmueller et al, 2009).
The CUSP program included five main co-
mponents (Nakre and Harikiran, 2013):

1- Education: All staff must be educated on
science of safety. Boccanfuso and Kuhfeld,
(2011) reported that physical safety referred
to the protection of all stakeholders, includi-
ng families, caregivers, students, school sta-
ff, and the community, from violence, theft,
and exposure to weapons and threats to esta-



blish a secure learning environment. They
added that for students to learn, they need to
feel safe. It was essential that students have
the opportunity to attend schools that must
provide a safe environment where they can
thrive and fully engage in studies without
distraction and worry about physical safety
concerns.
2- Identify hazards: Staff members are
asked to identify defects in their clinical area
(Silva et al, 2016). CUSP encourages staff to
proactively ask: How will team harm next
patient? This strategy uncovers hazards that
were unique to a care area and empowers st-
aff in that area to mitigate them (Klidas et
al, 2007).
3- Administrative support: A senior exec-
utive is partnered with a unit to actively sup-
port local efforts. This bridges the division
between administrators and frontline staff
(nurses, doctors, pharmacists, & others), and
provides a mechanism to voice safety conc-
erns directly to hospital administration. Be-
sides, a senior executive on the local CUSP
team ensures there are requisite resources
for work, holds team accountable to reduce
risks, and informs senior leadership of pa-
tients’ safety hazards (Klevens et al, 2007).
Regular meetings: CUSP teams meet regu-
larly to review safety issues, investigate and
identify defects, and design safer systems of
care. To be effective, defects are prioritized
to determine which ones will have the great-
est impact on safety and quality and be the
most feasible to implement. Apart of this pr-
ocess, factors contributing to and mitigating
defects are analyzed and rated for their im-
portance. A one-page summary report from
this learning from defect process was gener-
ated and shared broadly throughout the orga-
nization. Yang et al. (2014) in USA reported
that massive sensor data could support ident-
ification of secondary crashes. Occurrence
mechanism of the secondary crashes was st-
udited by the proposed model. They added
that to understand mechanism helped deploy
appropriate countermeasures to mitigate or
prevent the secondary crashes.
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4- Implementation: Tools such as briefings,
& debriefings were implemented to facilitate
communication and teamwork and establish
a culture of safety in the OR (Makary et al,
2006). While operating room briefing form-
ats vary, essential components included an
introduction of names and roles, a review of
key checklist items (e.g., giving antibiotics),
any safety concerns of team members, and a
contingency plan for risks during operation.
Another useful tool is shadowing, in which
one type of clinician (e.g., resident) follows
another (e.g., nurse) for several hours, and
then discusses how they worked differently
now that they have walked in another’s
professional shoes (Thompson et al, 2008).

5- Teamwork: Team training is a useful
method of improving a communication. As
an example, a teamwork training program,
team STEPPS (Team strategies and tools to
enhance performance and patient safety),
was implemented at many hospitals world-
wide (Weaver et al, 2010). In the USA, the
Agency for Healthcare Research & Quality
was implementing teamSTEPPS training na-
tionwide (Stead et al, 2009). TeamSTEPPS
study of training on trauma resuscitation te-
am performance showed meaningful impro-
vement of care efficacy for patients in a lev-
el 1 trauma center. Compared with pre-train-
ing performance (convenience sample of 33
patients), teams’ post-training performance
(40 patients) showed significant decrease in
the time from arrival to the CT scanner was
26 to 22 minutes, time to intubation was 10
to 6.6 minutes and time to OR was 130 to 94
minutes (Capella et al, 2010). The strategies
to reduce errors and subsequent adverse out-
comes focused on team and individual train-
ing: simulations, and drills; development of
protocols, guidelines, and checklists; using
information technology, and education (Ko-
hn et al, 1999). The activities and tools were
applied to inpatient and office settings (Eri-
ckson et al, 2010). As failures in team-work
and communication account for 70% of sen-
tinel events in obstetrics, in a labor and deli-
very setting, the mother and her baby were



not cared for solely by her obstetric provide-
rs, but also by nurses, anesthesia and pedia-
tric providers, & support staff. Formal team-
work training was increasingly as a part of
the orientation of new hospital staff membe-
rs, with the goal of improving teamwork and
communication (Birnbach and Salas, 2008).
Informed surgical consent: Physicians
have a legal and ethical responsibility to pro-
vide adequate information to the patient so
patient would able to the information proce-
ssing and made appropriate decisions. The
SEIPS model is a patient safety approach ba-
sed on an industrial engineering subspecia-
Ity of human factors, although emphasis was
placed on interactions within the work syst-
em to include the person, organization, tools
and technology, tasks, and environment (Ca-
rayon, 2006). He added that customers’
contribute significantly to the co-production
of products/services, as well as to their qua-
lity/safety. The sociotechnical systems desi-
gn collaborated with both workers in the sy-
stems and customers required increased atte-
ntion not only to the design and impleme-
ntation of systems, but also to continuous
adaptation and improvement of systems in
the collaboration with customers. The team
STEPPS was a research generic program
(King, 2008). Aaberg et al. (2021) in Norw-
ay reported on 5 key principles: 1- Team str-
ucture and 4 team competencies “leader-
ship”, “situation monitoring”, “mutual supo-
rt” and “communication”. The 4 team comp-
etencies of team-STEPPS have 15 associated
tools and strategies that implemented in
clinical practice to improve performance and
patient safety (Stewart et al, 2015). 2- Team
decision making was an additional team
competency or team process (Salas et al,
2014), not included in team STEPPS progr-
am, but included in the study as it was an
important aspect of team-work with signific-
ance for patient safety & patient care (Rea-
der, 2017). Also, Zavala et al. (2018) in Au-
stralia added that research from other areas
of hospitals showed that most clinical decis-
ions still made independently by the medical
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professionals with only some shared infor-
mation, and decisions were rarely made coll-
ectively by an inter-professional care team.

Task of securing an informed consent from
the patient must be done before any invasive
procedures are started or any blood or blood
products administered.

Personnel: Surgeon or surgical resident
doing the procedure should carry out this ta-
sk that involves more than just getting a pat-
ient’s signature. It involved explaining risks,
benefits, and alternatives to procedure using
language that was clearly understood by the
patient, so that he or she can make an infor-
med decision before signing the consent.

Tools: Tools such as fully vetted consent
forms that use clear and unambiguous lang-
uage could ensure a true informed patient
consent. Informed consent has medicolegal
and ethical ramifications. This document is
equally important for the care team because
it gave a road map of actions the patient ex-
pects, assuming that patient understand the
risks, benefits, and alternatives.

Physical environment: Environment may
adversely affect this process. Sometimes in-
formed consent was done immediately befo-
re surgery in a public area (e.g., outside the
OR), in which the surrounding distractions
may coerce a patient to consent without fully
comprehending information described. But,
the anesthesiologist’s or sometimes the surg-
eon’s initial introduction to the patient often
happened shortly before going to the OR.

Organization: The culture that clearly
known the informed consent process, the
value this document brings to the care team,
and the protection it provides for the patient,
will ensure that this task achieves its goal.

Using a checklist for preoperative brie-
fing: A preoperative briefing should be done
with the entire OR team including the surge-
on, anesthesiologist, circulating nurse, and
scrub technician. Briefings standardized the
teamwork, can lower staff anxiety over the
unknown, and improve organizational cultu-
re. The briefing process anticipates risks,
which helps staff perform better and recover



from a situation should it occur (Smith et al,
2008). A study of a 19 item surgical safety
check-list in 1750 patients undergone urgent
surgery showed a significant decrease in de-
ath rates (1.4 vs. 3.7%) and complication ra-
tes (11.7 vs. 18.4%) after the checklist impl-
ementation. Also, implementation of check-
list significantly increased adherence to 6 se-
lected safety measures from 18.6 to 50.7%.
The use of this checklist was adopted by the
WHO. Available at the WHO site safe surg-
ery saves Lives: www.who.int/patientsafety/
safe-surgery/en/index.html.

The preoperative briefing was standardized
and should include the following elements:
1- Team introductions and roles, 2- Reiden-
tification of patient identity and consent, the
surgery or procedure to be done, and site, si-
de or level as in tables (1, 2, 3, & 4), 3- Pat-
ient positioning, padding, and skin prepara-
tion, 4- Equipment, instrument, or implant
concerns. Team should verify that the neces-
sary equipment is present and working, 5-
Appropriate monitoring strategies, 6- Goals
and critical steps of the procedure, with con-
tingency plans, 7- Blood product availabil-
ity, 8- Identification of likely pathology spe-
cimens, & 9- Post-operative disposition (po-
st anesthesia care unit versus ICU).

Correct patient, site, & procedure: Prac-
ticing safe, high-quality OR care begins with
accurately identifying patient, surgical site,
and procedure (Guglielmi et al/, 2010). The
USA Joint Commission sentinel event statis-
tics database reported that wrong site surg-
ery was the most frequently reported serious
adverse event from 1995 to 2010, accounted
for 666 of 4850 sentinel events was13.7%
(The Joint Commission, 1996). But, the rep-
orting of sentinel events to the Joint Comm-
ission was voluntary and represented only a
portion of actual events, with a systematic
review found that rate of wrong site surgery
varied from 0.09 to 4.5/10,000 surgeries
performed (Neily et al, 2009). Factors that
contributed to wrong site surgery include in-
correct patient positioning, poor communi-
cation, incorrect or lack of patient consent,
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failure to use site markings, surgeon fatigue,
multiple surgeons, multiple procedures on
same patient, bad time pressures, emergen-
cy operations, & unusual patient anatomy.

Tasks: Accurate identification of patient,
surgical site, and procedure. In cases where
an anesthesia block preceded the surgical in-
tervention, identification of surgical site and
procedure must be done by both anesthesia
team and surgical team.

Personnel: Dual identifiers or two differ-
ent providers (usually a nurse & physician)
must independently confirm they have the
correct patient, site, and procedure. To be ef-
fective, however, the checks must be truly
independent. Two clinicians verifying iden-
tifiers or other information together was not
an independent check because individuals
commonly encode each other’s errors.

Tools: Hospitals typically use technical to-
ols such as plastic wrist bands or stamp ca-
rds to identify patients, but these may be ac-
cidentally removed or lost. The commonest
method to identify the correct operative site
was to mark it with an indelible marker or
dye when the correct patient was verified. If
the site was not marked at that time, it
should be done using the independent check
process to ensure the correct site marked.

Physical environment: Sometimes, physi-
cal environment obscures wristband (e.g.,
arms tucked under the patient on the OR
table). In this setting, a second band could
be placed on a more visible part of the body.

Organization: Organization culture supp-
ort independent checks reduced errors. The
correct procedure is confirmed in OR at the
start of a briefing or time-out by asking
patient what he or she expected to have
done.

Infection control: There was a significant
risk for surgical site and central line associa-
ted infections associated with the OR.

Surgical site infections (SSI) were common
complications of the OR procedures. SSIs
are more common in contaminated or dirty
wounds than in clean or clean-contaminated
wounds. Other risk factors such as diabetes,



obesity, and smoking contribute to SSIs.
Risk factors for SSIs were combined into a
predictive model called the National Health-
care Safety Network risk index. Wound clas-
sification and other risk factors for SSI are
discussed in detail elsewhere.

On average, an SSI doubles the cost of a
patient’s healthcare, mainly by increasing
the length of patient’s hospital stay (Broex et
al, 2009). Several interventions such as app-
ropriate antibiotic prophylaxis and mainten-
ance of normothermia can reduce the risk of
the SSIs. The 5 components of preventing
surgical site infection according to the syste
ms engineering initiative for patient safety
model (Gagliardi et al, 2009):

Tasks: Antibiotic prophylaxis was a reco-
mmended preoperative practice, and approp-
riate antibiotics and timing of administration
for different surgical procedures given in
evidence-based guidelines (Casey and Elli-
ott, 2009). This task involves administering
the first dose at least 10 minutes, but < 60
minutes, before incision to obtain adequate
tissue levels of antibiotics. Avoiding hypoth-
ermia reduces SSI rates (Sessler, 2009).
Also, impaired thermoregulation can affect
drug metabolism and impair platelet funct-
ion. The importance of maintaining normo-
thermia during recovery led to the mandate
from the Joint Commission and Surgical Ca-
re Improvement Project (SCIP) to warm pat-
ients to 36°C within 15 minutes of arrival in
post-anesthesia care unit (Mauermann and
Nemergut, 2006). Warming in the operating
room and the PACU can be achieved using
circulating water garments or forced air war-
ming devices (Galvao ef al, 2010). Although
elevating the temperature of the operating
room can reduce temperature gradient and
reduce heat loss from the patient, there is no
standard target thermostat setting in the op-
erating room. Temperature of the pediatric
OR must be usually maintained at a higher
setting compared with OR for adult surgery,
since children can lose heat faster due to the
larger surface-to-volume ratio in children.
However, the need to maintain normotherm-
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ia in the patient must be balanced by the abi-
lity of operating room personnel to function
given that heavy impervious surgical gowns
may result in profuse sweating that may lead
to dehydration and/or inadvertent wound co-
ntamination.

Personnel: Anesthesiologist is responsible
for antibiotics administering and managing
normothermia. But, these tasks required eff-
ective communication among team membe-
rs. For maintaining normothermia, the anes-
thesiologist must balance the need to maint-
ain normothermia in the patient with comf-
ort of the operating room staff. Modern for-
ced-air systems to warm patient allowed for
this balance to be maintained fairly easily.

Tools: Preprinted schedules help to ensure
repeated dosing of antibiotics when indicat-
ed. Warming blankets and fluid and blood
warming devices must be readily available.
Modern forced warm air devices proved eff-
ective at maintaining patient's temperature
while allowing the OR team to maintain a
comfortable working environment.

Physical environment: OR environment,
including cold OR tables, cold air convecti-
on currents in theater, & cold IV fluids,
increased a patient’s risk of hypothermia.
Organization: The organization must sup-
ort the teamwork necessary for the timely
administration of antibiotics and maintena-
nce of normothermia as well as providing
the appropriate tools and technologies.

Central line infection: Central lines are
often placed in the OR as a potential source
of postoperative infection. The 5 componen-
ts of preventing central line infections after
the Systems Engineering Initiative for Pat-
ient Safety model were listed.

Tasks: Clear evidence demonstrated that
most central line-associated infections were
preventable if the following checklist was
used to ensure the completed behaviors (Be-
renholtz et al, 2004): 1- Wash hands prior to
procedure, 2- Use full barrier protection (ste-
rile gowns, glove, hats, & full body drapes),
3- Use chlorhexidine to prepare skin site, 4-
Avoid using femoral site for central line pla-



cement, & 5- Remove catheters when no
longer indicated.

Personnel: The anesthesiologist inserting
the central line in the OR must adhere to the
behaviors on the checklist.

Tools: A central line insertion checklist
should be used as a guide.

Physical environment: The anesthesiolo-
gist must be provided with the time to insert
central lines safely and appropriately.

Organization: Effective teamwork and an
organizational culture that supports infection
reduction are both vital. OR staff should be
empowered to alert the anesthesiologist or
surgeon if they forget to wash their hands or
if a guide-wire accidentally touches the ane-
sthesia circuit and becomes contaminated.

Needle-stick injuries: Needle-stick injuri-
es and injuries from other sharp objects were
common throughout the hospital setting and
were a constant risk in the OR (Abdel-Mo-
tagaly et al, 2017). But, its’ incidence was
reduced by advances in education, needle
disposal, engineering changes (e.g., needle-
less devices, safety needles) & worker pro-
tection, institutions and the healthcare auth-
orities must continue to assume responsibili-
ty for more lowering the risk.

Nosocomial infection: In Egypt Morsy
(2012) found indoors bloodsucking & crawl-
ed insects. Also, nosocomial HDM (Saleh ef
al, 2913) and nosocomial myiasis (Morsy,
2014) were reported. Judson and Munster
(2019) in USA found that nosocomial trans-
mission of emerged & re-emerged viruses,
bacterial and parasitic diseases highlighted
risk in healthcare settings. Maltezou et al.
(2019) in Greece stated that vaccinations of
healthcare workers aimed to directly protect
them from occupational acquisition of vacc-
ine-preventable diseases and to indirectly pr-
otect patients and the essential healthcare
infrastructure.

Anesthesia: Improvements in the safety of
anesthesia administration have decreased the
incidence of perioperative myocardial infar-
ction, neurological injuries, and mortality.
Much of this improvement was attributed to
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better medications, equipment, and monitor-
ing tools and other technology. International
standards for anesthesia safe practice were
established by the WHO (Merry et al, 2010).
These comprehensive standards detail reco-
mmendations for training and accreditation,
record keeping, equipment, patient evaluat-
ion, intra-operative monitoring and postope-
rative care. The 5 components of safe anes-
thesia administration after the Systems Engi-
neering Initiative for Patient Safety model
were listed.

Task: Safe anesthesia administration after
the international standards of care.

Personnel: Anesthesiologist, nurse anesth-
etist, anesthesia assistants.

Tools: Monitoring tools as pulse oximetry
and scenography were widely credited with
improved OR safety. Improved monitoring
provides early warning of adverse events,
and prevented patient harm (Merry et al,
2010). Pulse oximetry monitored blood for
adequate oxygen delivery. Scenography sho-
wed whether alveolar ventilation was establ-
ished to reduce the chance of an unrecogni-
zed esophageal intubation.

Physical environment: Adequate and ap-
propriate equipment and facilities, should be
present wherever anesthesia and recovery is
provided. Anesthesia equipment must con-
form to relevant national and international
standards (Pronovost et al, 2010).

Organization: The organization must sup-
port the anesthesiologists and anesthesia ca-
re team, by providing proper equipment and
a culture of teamwork within the anesthesia
team, within the surgeons and nursing staff.

Protecting patients from injury in OR:
Patients must be transferred and positioned
properly in the OR. Moreover, patients and
OR personnel must be protected from elect-
rical, thermal, or radiologic injury in the OR
(Nishiyama et al, 2010).

Proper positioning: Positioning of patient
is required to avoid pressure sores, nerve
compression, deep vein thrombosis, and co-
mpartment syndrome (Adedeji ef al, 2010).

Task: Prevent injury to patients by giving



proper positioning during surgery.

Personnel: Nursing staff, surgeons, & an-
esthesia personnel must work together to en-
sure proper patients’ positioning for surgery.

Tools: Equipment to prevent injury such
as gel pad, pillows, or axillary or chest rolls
must be available.

Physical environment: A correct OR tab-
le with appropriate attachments must be ava-
ilable and in good working order. Moving
the patient must be done in a coordinated
fashion and sliding boards or roll boards
must be used for patients who cannot move
themselves. Restraints must be secure,
but not too tight or placed over superficial
nerves or bony prominences.

Organization: The OR staff must be edu-
cated about the correct equipment and pro-
cedures to optimize patient positioning and
avoid injuries during surgery.

Electrical injury: Electrical injury can le-
ad to muscle contraction, respiratory paraly-
sis, seizures, or lead to ventricular fibrillat-
ion and also dissipated energy throughout
the tissues and increases the temperature of
tissue, which could produce burns or cause
cellular death (Barker and Doyle, 2010).
Grounding of power supplies is necessary to
prevent electrical injury. An ungrounded or
“floating” power supply must be monitored
with a line isolation monitor (LIM). A LIM
monitors the integrity of a power supply and
alarms when it was not grounded properly.
Five components of preventing electrical inj-
ury in OR after the Systems Engineering In-
itiative for Patient Safety model were listed.

Task: Prevent electrical injury to patients
and personnel in the OR by using a LIM.

Personnel: All OR personnel are responsi-
ble for knowing how the LIM works and
what to do if the alarm sounds.

Tools: A line isolation monitor (LIM) mu-
st be used to quickly recognize to prevent an
electrical injury.

Physical environment: OR is purposefu-
lly isolated from the ground unit and the OR
equipment is ungrounded to add protection
against an electrical shock. With this config-
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uration, two faults must exist before a pa-
tient was shocked. If one fault occurs, the
electrical current can leak to ground, thereby
removing one layer of protection. So, LIM
monitors the flow of electricity from the OR
to the ground and sounds an alarm when it
detects a leak.

Organization: Team must quickly work
together to unplug the most recently conne-
cted equipment and work backwards until
the alarm terminates, then remove that item
for inspection by Clinical Engineering.

Thermal injury: As many as 100 OR fir-
es occur per year in the United States, resu-
Ited in 1 to 2 deaths/year though numbers
may be higher due to under-reporting (Fra-
ntz and Byers, 2011). Skin preparation and
antiseptic solutions and anesthetic gases can
cause fires in OR. Most surgical fires occur
in the airway (34%) and head or face (28%)
fires (Rocos and Donaldson, 2011).

Task: Prevent thermal injury to patients
and staff in the operating room.

Personnel: All OR personnel are responsi-
ble for preventing a fire.

Tools: Water based skin preparations exist
but are less commonly used because they ta-
ke up to 15 minutes to dry and must be fully
dry to be effective. Faster drying alcohol ba-
sed preparations, take only 3 minutes to dry
on bare skin. However, if applied to hair
bearing areas, alcohol based skin prepara-
tions may take as much as an hour to dry,
causing in a prolonged flammability period.
So, alcohol based skin preparations should
be avoided for hair bearing areas and when
an oxygen-enriched environment is required,
as in head and neck surgery. Briefings and
checklists can define whether adequate dry-
ing time has occurred.

The oxygen must be set at a safe minimum
(usually 30% FIO2), and fire retardant tech-
nologies must be used if possible. As an exa-
mple, endotracheal tubes made of less flam-
mable materials or metal reduce the risk of
fire during an airway surgery and should be
considered in high risk cases. Briefings and
checklists can define whether it was approp-



riate to minimize oxygen, ensure appropriate
equipment was used, and define the case risk
environment.

Physical environment: OR thermal injury
is fire that always a concern when local con-
centrations of oxygen are high, when flamm-
able materials and gases were used, or when
ignition source (e.g., cautery) was used. For
cases where flammable gastrointestinal gas-
es may cause a hazard, use of cautery should
be avoided. As for example, to avoid an
explosion during gastrointestinal surgery,
the bowel opening must be made with a
scissors or scalpel. Once the gas is released,
it will be safe to use cautery to extend the
incision.

Organization: The organization must edu-
cate staff and establish policies to prevent
thermal injuries or mitigate harm in case of
fire. Simulation exercises can effectively pr-
epare personnel to control a fire, protect the
patient, and reduce the panic that OR fires
can engender should they occur, despite rob-
ust prevention strategies. Fire suppress-ion
systems must also be in place but sprinklers
can contaminate the surgical field and halon-
type systems are not feasible with personnel
in room (Le Heron ef al, 2010).

Radiation injury: Radiation injury is
rarely immediate like a burn or shock and
because of this is often under-rated. In fact,
this adverse outcome most often manifests
after long periods of time. Even very low
levels of radiation exposure have stochastic
(random) biologic effects that were cumula-
tive and permanent (Chaffins, 2008). Proba-
bility of radiation injury increases with incr-
easing cumulative exposure to radiation (Sh-
eyn et al, 2008). Task-prevent radiation inju-
ry to patients and team in OR.

Personnel: Staff must adhere to the prin-
ciples of keeping the radiation dose as low
as reasonably allowable, minimizing radiat-
ion exposure, and meeting regulatory guide-
lines.

Tools: Radiation barriers must be provid-
ed for all OR personnel. Besides, OR perso-
nnel must wear radiation dosimeters (tools)
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to track exposures.

Physical environment: The U.S. Regulat-
ory Commission limits a person’s radiation
exposure to 5000mrems/year, and the CDC
limits fetal exposures to 500mrems during
an entire pregnancy. To ensure that guide-
lines were met, the US Health and Human
Services’ Office of Health & Safety investi-
gated radiation doses that exceed 125mrems
to whole body or >1875mrems to extremi-
ties in a given quarter year. Also, corrective
action was required if radiation exposures
exceed >375mrem/quarter to whole body or
>5625mrem/quarter to extremities.

Organization: Minimizing or preventing
exposure relied heavily upon education, tea-
mwork, and an organizational culture that
consistently uses radiation barriers and dosi-
meters.

Connection errors: Connection errors, or
misconnections, and wrong infusions, are
infusions of the wrong medication or gas
into the wrong place (McAfee et al, 2010).
For example, intravenous medications have
been injected into the epidural space and gas
has been infused into the bloodstream. This
resulted from Luerlock fittings, connectors
& locks that make different brands of tubing
compatible. While Luerlocks were conveni-
ent and crease a microbiologically closed sy-
stem, contributed to inadvertent errors conn-
ection (Simmons et al, 2008). No amount of
vigilance or local safety culture can prevent
all medication errors or connection errors.
But, education about Luerlock misconnect-
ions along with increasing standardization in
the types of infusion devices, the drug nam-
es, concentrations and dosing limits can dec-
rease errors (Fraind ef al, 2002):

Task: Ensure proper infusion of medicati-
ons and gases.

Personnel: The anesthesia & nursing staff.

Tools: Tasks of preparing, labeling, admi-
nistering, documenting, and disposing of dr-
ugs must be stream-lined to help OR per-
sonnel avoid errors. Rapid and reliable acce-
ss to drugs, supplies and equipment must be
provided. Intravenous drugs must be provid-



ed in clearly identified, ready to administer
packaging at the care point. Infusion devices
and drug choices should be limited and
standardized (Arora et al, 2010).

Physical environment: Dynamics in OR
environment place tremendous stress on its
staff, making mistakes inevitable. Distract-
ions, fatigue, multi-tasking, and time pressu-
res deplete a person’s ability to remain vig-
ilant and consistently defend against poorly-
designed systems led to mistakes. A study of
stressors in OR demonstrated that technical
problems, patient, equipment problems, and
teamwork problems were stressful factors
for surgeons (Kotter et al, 2017).

Organization: It was challenging to unco-
ver a consistent cause of errors and, even if
found, to provide a consistent viable solution
that minimizes the chances of a recurrent ev-
ent. By recognizing untoward events occur,
learning from them, and working to prevent
them, patient safety can be improved mini-
mizing medication errors and connection er-
rors requires a multi-disciplinary approach,
organizational support for infusion devices

standardization & drug choices (Oyebode,
2013)

A postoperative debriefing was used to ide-
ntify and learn from mistakes/defects occur-
ed during procedure with the purpose to
improve care and preventing the next patient
from being harmed. But, it was relatively ea-
sy to identify hazards in debriefings; it was
more difficult to ensure reduced risks (Papa-
spyros et al, 2010). OR team must create an
organizational system and process to collect
issues identified in debriefings, prioritize
them, and implement interventions to reduce
these risks. The debriefing checklist must: 1-
Ensure all paperwork was properly labeled
with the patient’s name and medical record
number, 2- Complete specimen forms for
pathology, 3- Did any equipment problems
occur that need to be investigated?, 4- What
must be done to have safer or more efficient
proce-dure?, & 5- Discuss patient transition
from OR to post-operative care unit or ICU,
as to fluid management, antibiotics, tests/x-
rays, pain control, medications, blood gluco-
se control, and ongoing DVT prophylaxis.

Tablel: American Society of Anesthesiologists physical status scale

Class I: | A normal healthy individual

Class II: | A patient with mild to moderate systemic disease
Class III: | A patient with severe systemic disease that limits activity but is not incapacitating
Class IV: | A patient with incapacitating systemic disease that is a constant threat to life

Class V: | A moribund patient who is not expected to survive 24 hours with or without operation
Class VI: | A clinically dead patient being maintained for harvesting organs
ASA - E: | Emergent operations

Table 2: JCAHO protocol for surgical timeout

Perform a preoperative verification
process (ideally with patient awake,

aware and involved) sex, mobile No).

Ensure that all relevant documents and studies available prior to start
procedure. Identify patient with at least two patient identifiers (e.g., name,

Ensure reviewed information and internally consistent as well as consistent
with patient's expectations and with surgical team's understand intended
patient, proced- ure, site &, as applicable, any implants.

surgery

Missing information or discrepancies must be addressed before starting

Mark operative site to unambiguous-
ly identify intended procedure site

For procedures involving right/left distinction, multiple structures (as fingers
& toes), or multiple levels (as in spinalones), intended site must be marked.
Ideally surgeon in charge mark site. A procedure must be defined for patients
who refuse site marking.

Mark must be unambiguous (e.g., use initials or "YES" or a line representing
planned incision; "X" may be ambiguous). Mark must be visible after patient
prepped and draped (e.g., use a permanent marker). Non-operative sites must
not be marked.

Take a time pre-procedure to condu-
ct correct a verification patient, pro-
cedure, site &, applicable, implants

Procedure is not started until any questions or concerns are resolved and all
members of the surgical/procedure team are in agreement. Identify the patient

with at least two patient identifiers.
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Table 3: Timing of prophylactic antibiotic administration and subsequent rates of SSI

Administration time | Surgical site infection % (SSI) | Odds ratio (logistic-regression) | CI 95%
Early 3.8 43 1.8-10.4
Preoperative 0.6 1.0 -
Perioperative 14 2.1 0.6-7.4
Postoperative 33 5.8 2.4-13.8

Table 4: General recommendations for prevention of infections associated with any intravascular catheter in patients

Healthcare worker
education & training

Educate healthcare workers regarding indication for intravascular catheter use, proper
procedu-res for insertion, maintenance, and infection control to prevent intravascular
catheter-associated infections

Hand hygiene

Observe proper hand hygiene either by washing hands with conventional antiseptic-
containing soap and water or with waterless alcohol-based gels or foams. Use of gloves
does not obviate need for hand hygiene.

Aseptic technique during
catheter insertion & care

Maintain aseptic technique for insertion and care of intravascular catheters. Use
maximal barrier precautions when inserting arterial or central venous catheters

Catheter site care

Disinfect clean skin with an appropriate antiseptic before catheter insertion and at time
of dressing changes. 2% Chlorhexidine-based preparation preferred but no
recommendation for its use in infants less than two months of age.

Use sterile gauze or sterile transparent semipermeable dressing to cover tcatheter site.

Do not use topical antibiotic ointment or creams on insertion sites (except for dialysis
catheters).

Intravascular catheters

Remove any intravascular catheter that is no longer essential.

Replacement of
administration sets

Replace administration sets, including secondary sets and add-on devices, no more
frequently than at 72hrs intervals, unless clinically indicated. Replace tubing used to
administer blood, blood products, or lipid emulsions within 24hrs of initiating infusion.
Replace tubing used to give propofol infusions every 6 to 12hrs, based on its use by
manufacturer's recommendation

Parenteral fluids

Complete infusion of lipid containing solutions within 24hrs of hanging the solution.

Complete infusion of lipid emulsions alone within 1hr of hanging the solution.

Complete infusions of blood or other blood products within4hrs of hanging the blood

Intravenous injection

Clean injection ports with 70% ethanol or an iodophor before accessing the system.

Conclusion and Recommendations
1-OR poses significant safety risks to patien-
ts and the health care providers.

2- Systems Engineering Initiative for Patient
Safety model describes the five major com-
ponents of a health care as tasks, personnel,
tools and technologies, physical environ-
ment and organization. Interactions of these
five components drive the performance of
care processes, safety and quality practices
that determine patient, staff, and organizat-
onal outcomes.

3- Patient safety can be improved by bri-
nging scientific principles to health care pra-
ctice. Safe system design is built upon the
principles of standardization, checklists, and
learning from errors.

4- CUSP makes safety and quality a perm-
anent part of a clinical group’s mission by
OR.

9- Surgical site infection rates are reduced
with appropriate antibiotic prophylaxis and
maintenance of normothermia.
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fostering active communication, teamwork,
and collaboration. CUSP program included
education, identification of hazards, admini-
istrative support, regular meetings and imp-
lementation.

5- Physicians have a legal and ethical resp-
onsibility to provide adequate information to
the patient so the patient is able to process
information and make appropriate decisions.
6- A preoperative briefing with a checklist
be performed with entire OR team including
the surgeon, anesthesiologist, circulating
nurse, and scrub technician before proceed-
ing with surgery (Grade 1C).

7- Using dual identifiers to identify the pat-
ient, surgical site, and procedure before pro-
ceeding with surgery (Grade 1C).

8- A significant risk for surgical site & cent-
ral line associated infections associated with
10- Central line infection rates can be redu-
ced with handwashing, full barrier protecti-
on, proper skin preparation, avoidance of the



femoral site, and removal of catheters when
they are no longer indicated.
11- Patients must be transferred and posi-
tioned properly in OR. Also, patients and
OR personnel must be protected from elec-
trical, thermal, or radiologic injury in OR.
12- A line isolation monitor (LIM) should be
used to ensure quick recognition and preven-
tion of electrical injury.
13- Alcohol based skin preparations should
be avoided for hair bearing areas and when
an oxygen-enriched environment is required,
as in head and neck surgery.
14- Oxygen must be set at a safe minimum
(usually 30% FIO2), and fire retardant tech-
nologies should be used if possible.
15- Radiation doses must be kept as low as
reasonably allowable to minimize radiation
exposure and meet regulatory guidelines.
16- Connection errors and infusions of wro-
ng medication or gas into wrong place de-
creased by standardizing the types of infus-
ion devices, the drug names, concentrations
and dosing limits.
17- A postoperative debriefing to identify &
learn from mistakes/defects that occurred du
ring the procedure to improve care, and pre
venting next patient from being harmed.
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