
ALERT 

(2/8/14): The STERIS System 1E (SS1E) liquid chemical sterilant 
processing system has become available for reuseable processing heat-
sensitive devices and their accessories that cannot be processed using 
thermal methods (Page 8).  

Additionally, new evidence indicates properly processed cystoscopes can 
now be stored 7-10 days before reprocessing is necessary (Page 9).

New References:

Rutala WA and Weber DJ.  New developments in reprocessing 
semicritical items.  Am J Infec Control 2013:41:S60-S66.

Multisociety guideline on reprocessing flexible gastrointestinal 
endoscopes: 20911.  Gastrointestinal Endoscopy 2011:73(6): 1075-84.

Edits made to the original white paper in 2014 are noted in italics.
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Introduction 
Surgical outcomes vary based on patient- and disease-related characteristics as well as 
institutional, technological, equipment, and human factors. Some factors linked to poor 
outcomes (e.g., difficult anatomy) cannot be improved prior to surgery. However, there are 
many factors linked to surgical outcomes that can be modified by either surgeons, surgical 
teams, or healthcare institutions. This white paper is the second in a three-part series 
describing such factors and potential intervention strategies that might be useful to optimize 
the outcomes of surgical patients. It is important to note that this is not a “guideline,” as the 
strength of evidence linking interventions to patient outcome varies widely. Where guidelines 
on specific topics are available, links have been provided. Since this resource summarizes a 
large range of topics, additional details can be found in the hyperlinks and references provided. 
Of note, “intraoperative” is herein arbitrarily defined as the period of time spent in the 
operating room (OR) rather than just from “cut to closing.” 
 

 
Optimizing Intraoperative Patient Safety 
 
TEAM-BASED TOOLS TO ENSURE BEST PRACTICES IN PATIENT SAFETY  
The World Health Organization (WHO) estimates that 234 million surgeries are performed 
globally each year.1 Of these, approximately 7 million deaths occur, half of which are believed 
to be preventable.2,3 Even greater numbers are impacted by potentially preventable surgical 
morbidity. ORs are high-risk environments where there is opportunity for great benefit but also 
potential for significant harm. Physicians, nurses, pharmacists, technicians, and other 
healthcare professionals must coordinate their activities to ensure patient care is safe and 
efficient. Communication and teamwork are critical for delivering safe, quality care.  
 
Implementation of surgical safety checklists (SSCs) has been advocated by experts as one 
strategy to enhance team communication and reduce patient morbidity and mortality.4,5 The 
main intent of checklists is to ensure that those “must do” clinical tasks and safety checks are 
not forgotten and can be embedded into routine workflow patterns. In 2008, the Safe Surgery 
Saves Lives Group at the WHO launched a perioperative SSC to minimize the risk of wrong site 
surgery and improve the safety of operative care.6 SSCs are designed to improve team 
communication and consistency in care, ultimately avoiding complications.  
 
The WHO SSC was tested in eight diverse settings, including developing countries around the 
world. When the WHO SSC was used, there was a 50 percent reduction in surgical mortality, from 
1.4 to 0.8 percent, and a near 40 percent reduction in inpatient complications, from 11 to 7 
percent.6 Since the publication of that landmark study, several meta-analyses suggest 
associations between checklist use and reductions in patient mortality, wound infection, 
pneumonia, blood loss, and postoperative complications.7-9 In addition, researchers have found 
that the use of a SSC enhanced communication, teamwork, and a climate of safety, whereas 
others have shown improvements in cost savings.10-13 Compliance with SSCs has also been 
associated with improvements in clinical processes such as antibiotic use, correct site marking, 

http://apps.who.int/iris/bitstream/handle/10665/44186/9789241598590_eng_Checklist.pdf;jsessionid=6CCBEE04728069A90C3901CDF5B850C4?sequence=2
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and overall safety processes.6,7  
 
Ineffective team communication in the OR is one of the most important causes of medical 
errors. Communication failures during surgery occur in approximately 30 percent of team 
exchanges and a third of these jeopardize patient safety by increasing cognitive load, 
interrupting routine, and increasing tension in the OR.14 Processes such as huddles, 
preoperative briefings, and pre-procedural “time-outs” (also known as a “surgical pause” or 
“call to order”) are designed to improve safety and coordination through enhanced 
communication.15 These discussions occur at the beginning of the surgical day and prior to the 
induction of anesthesia, and may include surgical team introductions, articulation of key 
positioning, surgical steps, and/or gear, medication, or coordination requirements. These 
formalized discussions often use a checklist or other structured communication tool to confirm 
clinical task completion and establish a shared mental model among surgical team members. 
Studies indicate that preoperative huddles reduce disruptions, improve OR flow, and increase 
surgeon satisfaction.16  
 
The challenges of implementation and sustained compliance have become apparent following 
widespread dissemination of the WHO SSC across diverse countries and healthcare systems. 
Implementation of checklists does not always lead to compliance. Borchard et al. summarized 
studies evaluating checklist compliance and found that overall compliance rates ranged from 12 
to 100 percent.7 Compliance differs between hospitals and staff members and across specific 
sections and individual items of the checklist.7 As team leaders, surgeons must play an 
important role in implementing, evaluating, and sustaining interventions that improve 
communication and enhance the culture of safety at their institutions.  
 

Takeaway Points 

 Ineffective team communication in the operating room is one of the most common 
causes of medical errors.  

 Surgical safety checklists (SSCs) improve team communication and consistency of care 
and have been associated with reductions in surgical mortality and complications. 

 

PREVENTING SURGICAL SITE INFECTIONS  
Surgical site infections (SSI) are among the most common, costly, and debilitating of all 
hospital-acquired infections. The incidence of SSI is two to five percent in patients undergoing 
inpatient surgery.17 SSIs account for 20 percent of all hospital-acquired infections and are 
associated with an increased length of stay and a two- to 11-fold increased risk of mortality.18 
Numerous risk factors have been associated with the development of SSIs, and can be broadly 
divided into intrinsic patient factors (modifiable and non-modifiable) and extrinsic factors. A 
recent overview of Cochrane Reviews suggests there is a lack of high-quality evidence for many 
strategies that have been proposed for intraoperative SSI prevention.19 Recommendations for 
the preparation of the surgical site prior to urologic surgery is mainly extrapolated from 
research on SSI prevention in other surgical specialties. For example, the American College of 
Surgeons and Surgical Infection Society: Surgical Site Infection Guidelines, 2016 Update 
provides a valuable synthesis of current evidence-based recommendations.20  
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Antibiotic Prophylaxis 
Antibiotic prophylaxis is an important element of SSI prevention and should be part of the 
checklist reviewed during “time-out.” Inappropriate antibiotic choice, incorrect timing, lack of 
weight-based dosing, and failed re-dosing have been identified as SSI risk factors.20 Most 
antibiotics should be administered within one hour preceding the procedure start; however, 
some antibiotics, such as vancomycin and fluoroquinolones, need to be infused slowly, and 
should be initiated up to two hours prior to the procedure.21-23 This timing is to ensure serum 
and tissue drug concentration is greater than the minimum inhibitory concentration (MIC) of 
the likely bacteria for the entire procedure duration.21 A single antibiotic dose or less than 24 
hours of postoperative therapy is recommended for routine prophylaxis.21,23,24 If a patient is 
already on scheduled antibiotics, an extra dose of an appropriate agent at the time of surgery is 
recommended to ensure adequate blood levels at time of incision.21 Re-dose antibiotics for 
longer procedures (if greater than two half-lives of the antibiotic) or when there is significant 
blood loss (>1500mL).20 It is important to dose by weight, if appropriate, based on the selected 
antibiotic, to ensure therapeutic but nontoxic dosing. Antibiotic selection and dosing should 
also be adjusted based on renal or hepatic dysfunction and allergies. Many patients with a 
reported penicillin allergy can safely receive cephalosporin surgical prophylaxis, as reflected in 
the recent publication of a clinical practice algorithm.25 When choosing antibiotic prophylaxis, 
clinical judgment remains important, and patient-, procedure-, and institution-specific factors 
and local antibiotic resistance must be considered. Several common prophylaxis guidelines, 
based on a combination of literature review and expert opinion, are discussed below.  
 
Guidelines for Antibiotic Prophylaxis 
The Clinical Practice Guidelines for Antibiotic Prophylaxis in Surgery (2013) were developed 
jointly by the Infectious Diseases Society of America (IDSA), the American Society of Health-
System Pharmacists (ASHP), the Surgical Infection Society (SIS), and the Society for Healthcare 
Epidemiology of America (SHEA).21 These guidelines summarize the definitions of wound class 
criteria and outline antimicrobial recommendations for surgical prophylaxis stratified by type of 
procedure. Dosing of common antibiotics and re-dosing instructions are reviewed. Alternatives 
are provided in case of allergy. In addition to the IDSA guidelines, there is also an AUA Best 
Practice Policy Statement on Urologic Surgery Antimicrobial Prophylaxis.22 The Statement was 
written in 2008, reviewed and validated in 2011, and amended in 2012. There are also 
statements from 2008, 2013, and 2016 regarding the dangers of fluoroquinolone use and the 
Food and Drug Administration (FDA) Boxed Warning.26 They ultimately advise against routine 
fluoroquinolone use if a reasonable alternative is available since potential risk outweighs gain. 
In 2014 they approved trimethoprim-sulfamethoxazole as an acceptable oral agent for 
transrectal prostate biopsy prophylaxis. Similar to the IDSA guidelines, this statement provides 
procedure-specific antibiotic prophylaxis, timing, and duration. Additional factors that influence 
antibiotic choice are also addressed, including the presence of orthopedic conditions, patient-
specific risk factors, placement of a prosthesis, and procedural involvement of vagina, bowel, or 
entrance into the urinary tract. The Canadian Urological Association guidelines on antibiotic 
prophylaxis for urologic procedures (2015),27 provides evidence-based guidelines for antibiotic 
prophylaxis for transrectal prostate biopsy, shock wave lithotripsy (SWL), non-SWL stone 

http://www.idsociety.org/Antimicrobial_Agents/#Antimicrobial Prophylaxis for Surgery
https://auanet.org/guidelines/antimicrobial-prophylaxis-(2008-reviewed-and-validity-confirmed-2011-amended-2012)
https://auanet.org/guidelines/antimicrobial-prophylaxis-(2008-reviewed-and-validity-confirmed-2011-amended-2012)
https://www.cua.org/themes/web/assets/files/guidelines/en/antibiotic_prophylaxis.pdf
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manipulation procedures, endoscopic procedures excluding stone manipulation, and 
transurethral resection of the prostate. The European Association of Urology (EAU) recently 
issued updated guidelines on urological infections (2017), which include a section on 
perioperative antibacterial prophylaxis.28,29 It is important to keep in mind that guidelines are 
living documents, and therefore will be periodically amended and updated based on new 
evidence. 
 
Guidance Specific to Stone Surgery Prophylaxis  
The most frequent stone-related procedure complication is urinary tract infection.30 The AUA 
and Endourological Society Guideline on the Surgical Management of Stones includes a 
statement specific to antibiotic prophylaxis: “Antimicrobial prophylaxis should be administered 
prior to stone intervention and is based primarily on prior urine culture results, the local 
antibiogram, and in consultation with the current Best Practice Policy Statement on Urologic 
Surgery Antibiotic Prophylaxis” (Statement 37).31 The Best Practice Policy Statement does also 
comment on procedures that involve colonized stones, bacteriuria, or other pre-existing 
infections. The statement recommends treating these patients with a course of culture-specific 
antibiotics preoperatively, recognizing that the bacteria may not be eliminated completely, but 
aiming at least to decrease bacterial colony counts in these high-risk patients. Those with 
infected stones are at higher risk for infectious complications.32,33 Therefore, patients may 
benefit from extended treatment past the standard 24-hour postoperative duration.22 
Preoperative urine or stone cultures with sensitivities and local antibiotic resistance patterns 
are considered in conjunction with the guidelines to properly select a prophylactic agent in 
these patients.30,31,34 Additionally, intraoperative stone cultures can be sent, when applicable, 
to help guide post-operative therapy or subsequent prophylaxis for staged procedures as they 
are not always concordant with preoperative mid-stream urine cultures.35,36 This is best 
accomplished by manually crushing some of the stone in saline.  
 
Adherence to Guidelines 
While guidelines and best practice policy statements exist, prevention still relies on adherence 
to such recommendations. Additionally, adherence to the guidelines inspires antibiotic 
stewardship, which is important for the prevention of antimicrobial resistance, treatment-
related complications, and cost containment.37 The Global Prevalence Study of Infections in 
Urology Investigators reported on practices from 2005-2010 and demonstrated significant 
variation in antibiotic prophylaxis between countries, regions, and types of hospitals.38 
Furthermore, prophylaxis is not always compliant with guidelines.38,39 Overall surgeon 
compliance with the guidelines has been shown to be quite variable and procedure-specific, 
ranging from 0.6 to 68.3 percent.40 However, compliance did improve over time and was 
thought to be due to increasing dissemination of the guidelines. Another study demonstrated 
that active teaching of guidelines improved compliance.41 Lastly, another group showed that a 
protocol for adherence to EAU Guidelines reduced both antibacterial resistance and decreased 
antibiotic usage and costs over a two-year period.42  
 
In summary, antibiotic prophylaxis is a useful tool in SSI prevention. Guidelines exist to assist 
clinicians in appropriate antibiotic selection, timing, re-dosing, and duration. Clinical judgment 

https://uroweb.org/guideline/urological-infections/#3_15
https://www.auanet.org/guidelines/surgical-management-of-stones-(aua/endourological-society-guideline-2016)
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remains important in unique situations and as new literature emerges. Antibiotic stewardship is 
essential to minimize complications, antibiotic resistance, and cost. 
 

Takeaway Points 

 Most antibiotics should be administered within one hour preceding the procedure 
start. Antibiotics that need to be infused slowly (e.g., vancomycin and 
fluoroquinolones) should be initiated up to two hours prior to the procedure. 

 A single dose or less than 24 hours of antibiotics for routine postoperative prophylaxis 
is recommended. 

 Guidelines can help guide choice of procedure-specific antibiotics, but surgeons must 
adjust for local antibiotic resistance as well as patient weight and kidney/liver 
function. 

 
Hair Removal 
Historically, hair at the surgical site was removed prior to incision. However, this practice has 
been challenged due to lack of evidence that it prevents SSI coupled with concerns regarding 
increased risk of SSI, especially when razors are used.43 Microtrauma from shaving is assumed 
to provide a portal of entry for microbes thus increasing the risk of SSIs. Guidelines from the 
Centers for Disease Control (CDC), SHEA,17 the National Institute for Health and Clinical 
Excellence (NICE), 44 and the Association of PeriOperative Registered Nurses (AORN)45 
recommend not removing hair unless it interferes with surgery. There is high-level evidence 
that shaving hair with a razor increases SSI risk compared to clipping, although the trials 
reviewed did not include patients undergoing genital surgery.43 Multiple clinical practice 
guidelines recommend that, in cases where hair removal is required, it should be clipped rather 
than shaved.17,44-46 However, the SHEA guidelines (2014) state that razors are acceptable for 
scrotal skin,17 consistent with a small study of urology patients, which found that clipping can 
cause greater damage to scrotal skin than razors without improving SSI rates.47 It is unclear 
whether hair clipping immediately prior to surgery is associated with fewer SSI than hair 
removal at home since the available trials are underpowered, according to a recent Cochrane 
review.43 AORN guidelines recommend that clipping, if required, should be performed on the 
day of surgery in the preoperative area (not in the OR) in order to prevent contamination of the 
sterile field and surgical wound.45 This recommendation is based on expert opinion rather than 
trial data. 

 

Takeaway Points 

 Leave hair in place if it does not interfere with surgery. 

 If non-scrotal hair removal is required, clip rather than shave. 

 
Skin Antisepsis 
AORN and the CDC45,48 recommend that patients cleanse their skin the night before and day of 
surgery with either antiseptic showering [such as with chlorhexidine gluconate (CHG) 4% soap] 
or direct cleansing of the surgical site (such as with a CHG 2% impregnated cloth).45 Although 
chlorhexidine bathing reduces skin colonization,49 a Cochrane review in 2015 demonstrated a 
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lack of high-level evidence that bathing leads to fewer SSIs.50 However, in patients colonized 
with methicillin-resistant Staphylococcus aureus (MRSA), there is evidence supporting a 
reduction in SSIs after cardiac and joint replacement surgery when using MRSA decolonization 
protocols (a bundle that includes chlorhexidine bathing).51  

 
The FDA standards for preoperative antiseptic preparations are based on a combination of 
immediate antimicrobial kill and persistent antimicrobial activity.52 Whatever skin antiseptic is 
chosen, the manufacturer’s instructions for use (IFU) should be followed, including assessment 
of patient contraindications and allowance for adequate drying time prior to draping.45 The best 
active ingredient for skin antisepsis immediately prior to surgery is debated.53,54 Studies focused 
on reduction in microbial flora suggest that CHG is superior, but there is not strong evidence 
that this leads to improved SSI rates.55 Alcohol-based products seem to exhibit superior efficacy 
compared to their aqueous counterparts;55,56 so, the American College of Surgeons (ACS) 
recommends that alcohol-based preparations be used unless contraindicated.20 Alcohol-based 
solutions are designed to dry on the skin; do not blot them. Wait the recommended drying 
time, usually three minutes on hairless skin, for both maximum efficacy and to decrease the risk 
of fire.45 Extra consideration should be given to the pubic area where commonly used alcohol-
based antiseptics may take up to an hour to dry if hair is left in place.57,58 Placement of “drip 
towels” alongside the patient is also important to prevent pooling of the solution, which can 
lead to skin irritation, chemical burns, or provide fuel for surgical fires.45 There is evidence that 
using chlorhexidine-alcohol skin antisepsis prior to implantation of genitourinary prosthetics is 
superior to povidone-iodine in decreasing skin colonization,59 and two consensus documents on 
penile prosthesis infection prevention recommend use of alcohol-based antiseptics given the 
available evidence.60,61 
 

Takeaway Points 

 Use alcohol-based preps unless contraindicated. 

 Allow prep to dry completely to provide both optimal efficacy and prevent fires (hair 
slows drying time). 

 
Surgical Hand Scrub 
Systematic reviews have concluded that there is low overall quality of evidence to support one 
type of surgical hand preparation over another.62 Waterless chlorhexidine scrubs appear to be 
as effective as water-based scrubs, take less time, and reduce bacterial load compared with 
povidone iodine scrubs.20 Alcohol-based hand scrubs also reduce bacterial colony-forming units 
(CFUs) to a greater degree than aqueous scrubs, but there is no evidence that lower CFUs after 
surgical hand scrub are associated with lower risk of SSI.62 Guidelines point out the importance 
of following each product manufacturer’s instructions.  
 
Wound Closure 
The CDC defines each of four wound classes: class I – clean, class II – clean-contaminated, class 
III – contaminated, and class IV – dirty-infected. Primary closure is the standard for clean and 
clean-contaminated wounds, with delayed primary closure or open wound management for 
contaminated and dirty-infected wounds. Meticulous closure of fascia and minimization of 
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bacterial contamination appears to have an important role in reducing the risk of SSI. Several 
prospective randomized trials have demonstrated substantial reductions in SSIs with use of 
plastic wound protection devices during abdominal surgery.63,64 Antibiotic impregnated sutures 
with triclosan also have been shown in a recent meta-analysis to reduce the risk of SSIs.65 
Finally, a urology-specific SSI prevention bundle recommends changing outer gloves prior to 
closure and using separate sterile closing instruments.66,67 Many surgeons double glove as a 
means of personal protection from a patient’s body fluids, which is a reasonable practice given 
the relatively high number of defects in surgical gloves and the risk of puncture to a single glove 
during surgery.68 While there is mixed evidence among several randomized trials showing 
reduction in SSIs with these practices, expert consensus and best practices support their use.  
 
PREVENTING WRONG SITE SURGERY 
The prevention of wrong site and wrong procedure surgery has been identified as a priority by 
numerous organizations including the WHO, Joint Commission, and Agency for Healthcare 
Research and Quality (AHRQ). Wrong site surgery is rare, with estimates for various procedures 
ranging from one in 13,000 procedures for wrong site anesthesia blocks to one in 4200 for 
wrong side ureteral stents.69 A systematic review estimated that the overall rate was one to five 
per 10,000 procedures.70 Given the rarity, demonstrating a statistical reduction would require 
an unfeasibly large sample size. Therefore, the preventive benefits of a checklist to prevent 
wrong site surgery are generally assumed based on expert opinion and extrapolation from 
checklist use in high risk fields such as aviation.  
 
There are several hospital processes designed to ensure that the correct patient is undergoing 
the correct procedure. In January 2004, the Joint Commission launched the Universal Protocol 
for Preventing Wrong Site, Wrong Procedure, Wrong Person Surgery.71 The Universal Protocol 
is not a checklist per se, but can be implemented using one or more checklists. Preoperative 
verifications of person, procedure and site should occur in the OR and (if applicable) when the 
procedure is scheduled, when the patient enters the healthcare facility, and anytime care is 
transferred between caregivers. Later, the WHO initiated the “High 5s Project” in 2006 to 
improve the safety of healthcare.72 The High 5s projects aimed to facilitate the development, 
implementation, and evaluation of standard operating procedures (SOPs) within hospitals to 
achieve measurable, significant, and sustainable reductions in a number of challenging patient 
safety problems with particular focus on the “correct procedure at the correct site.” It is 
imperative that all members of the surgical team are empowered to speak up with concerns 
about the accuracy of the surgical procedure or site. 
 
Site marking is carried out after all the available information concerning the patient’s identity, 
the procedure, and the surgical site/ intended side (provided by the patient’s medical file, 
notes, imaging, consent, etc.) has been checked and cross-referenced. Surgical site marking 
should be done by the person who will perform the procedure or by a qualified designee (a 
physician or nurse participating in the procedure or preparation). Site marking should involve 
only the operative site and should be visible before the patient is draped. The ‘time-out’ should 
occur before incision and involve the entire OR team. 
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The mark should be made before the patient is moved to the OR. The patient should be aware 
and involved in site marking, if possible. The mark is made at or near the intended incision site. 
The mark should be unambiguous (an “X” is not used for site marking), and non-operative sites 
are not marked. The mark is made using a permanent skin marker sufficient such that the mark 
is visible after the skin preparation. For midline access to lateral site, the mark indicates correct 
side. All purely endoscopic procedures without a planned invasive intervention may be exempt 
from marking or marked at the skin or with a wristband on the side of the intended procedure 
as per institutional policy. Skin marking may cause a permanent tattoo on premature infants; 
therefore, an alternative method may be used.  
 

Takeaway Points 

 Verbal procedural verification and site marking are designed to prevent wrong site 
surgery. 

 
PREVENTING VENOUS THROMBOEMBOLISM (VTE)  
Urologic surgery often increases the risk of venous thromboembolism (VTE) such as deep 
venous thrombosis (DVT) and/or pulmonary embolism (PE). Historically, medications that 
increased the risk of bleeding complications during and after surgery were stopped 
perioperatively. However, a risk-based approach has now been embraced to balance the risks 
of bleeding with the benefits of preventing potentially life-threatening VTE. Details of the risk 
assessment and options for thromboprophylaxis are discussed in detail in the preoperative 
outcomes paper in this white paper series. It is mentioned here in order to emphasize that the 
actual application of mechanical thromboprophylaxis (graduated compression stocking and/or 
intermittent pneumatic compression devices) is often performed in the OR. Contraindication to 
compression stockings include severe peripheral arterial disease with ischemia, open wounds, 
or very fragile skin, while intermittent pneumatic compression devices should be avoided in 
patients with low extremity trauma. American College of Chest Physicians VTE guidelines 
suggest that intermittent pneumatic compression devices might be preferred over compression 
stockings given increased skin complications in the latter, but the evidence is indirect and low 
quality.73 Institutions vary regarding whether the decision to provide mechanical 
thromboprophylaxis for surgical patients is based on a local protocol (with the option to “opt 
out” if contraindicated) or whether the surgeon must request it (“opt in”). The AUA’s best 
practice statement on VTE recommends against mechanical VTE prophylaxis in low-risk 
ambulatory patients undergoing transurethral surgery.74 
 
PREVENTING FALLS/POSITIONING INJURIES 
Patient positioning is possibly one of the most critical components of any surgical procedure. 
While under anesthesia, the patient is completely dependent upon the surgical team to prevent 
injury while obtaining adequate surgical and anesthetic access. Leading contributors to injury 
during surgery include falls, points of pressure, moisture, friction or shear energy, heat, and 
cold. The risk of injury is increased in the setting of poor nutrition, poor circulation due to 
diabetes or peripheral vascular disease, underlying skin conditions, elevated body mass index 
(BMI), and decreased range of motion.75 
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Patient transfers must be done in a coordinated fashion with the anesthesia provider and 
should involve sufficient team members to ensure that the spine remains aligned, the airway is 
protected, and the limbs are moved in concert with the trunk. Attention to monitors, vascular 
access lines, drains, and airway support devices during the transfer is critical. When supine, the 
head should remain in a neutral position with appropriate padding. To prevent brachial plexus 
injuries, arms should not be extended beyond 90 degrees from the torso and should remain 
parallel with the floor on padding that is level with the table and with the hands supinated. 
Tucked arms are positioned with the palms facing the thighs and with adequate padding of the 
ulnar nerves. When moving an anesthetized patient to the flank position, the hips and 
shoulders must be rolled as a unit to avoid spinal torsion.76 An axillary roll is placed several 
inches caudal to the axilla to prevent brachial compression injury. With a properly placed 
axillary roll, a hand can be easily placed in the axilla, which has been lifted off the bed. Lower 
extremity stretch nerve injuries are prevented by flexing the lower leg at the hip. The upper leg 
remains straight and is supported by a pillow between the thighs. The prone position 
requires chest bolsters either extending from the clavicle to the iliac crest on each side or 
extending horizontally across chest and iliac crest to permit normal chest wall movement and 
minimize abdominal pressure.77 Attention should be given to breasts and male genitalia to 
prevent compression or torsion. A specialized headboard will facilitate access to the airway 
with protective padding to the forehead, eyes, and chin while ensuring the eyes are free from 
pressure. For the lithotomy position, ensure that the stirrups are even. Elevate the legs slowly 
and simultaneously, limiting external rotation of the hips. Avoid compression injury to the 
peroneal nerve by preventing pressure to the nerve where it crosses the lateral head of the 
fibula.78 To prevent falls, all patients should be secured to the bed with a safety strap or tape 
that is loose enough to allow one to easily slide their hand underneath. Positioning of the strap 
over bony prominences without padding should be avoided. Moist epidermis is more prone to 
injury. Avoid wetting linens with prep solutions or body fluids, and change any linens that are 
inadvertently soaked prior to the start of surgery.75 If intraoperative use of an extreme tilted 
bed position is anticipated, the position should be tested before draping to ensure the patient 
does not shift. 
 
All pressure points should be padded to prevent compression nerve injury, compromised 
circulation, pressure ulceration, or rhabdomyolysis. Injuries occur most commonly on the 
sacrum and heels, and the risk of injury increases with increasing BMI and length of 
procedure.79 Padding allows normal capillary interface pressures of 32 mm Hg or less. However, 
once fully compressed, padding no longer provides protection from pressure injury. Foam pads 
and mattresses are rated by the amount of weight required to compress them to 25 percent of 
their original size. Traditionally, 1.25 lbs/in2 is considered optimal foam density.80 Convoluted 
foam (egg crate) compresses easily, making it a poor choice for padding of the torso. In 
contrast, gel pads serve to distribute pressure evenly over a larger surface area. Blankets and 
towels provide no padding and will negate the benefits of underlying gel or foam.81 During 
prolonged or high-risk cases, the table can be turned periodically from side to side to further 
reduce periods of extended pressure. 
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Special consideration must be given to patients placed in lithotomy with steep Trendelenburg 
(LST) for robotic pelvic surgery. Patients are at high risk of sliding toward the head of the bed, 
leading to shear and friction injuries to the epidermis, which compound pressure damage. Use 
of shoulder braces is discouraged because they have been shown to increase brachial plexus 
injuries.82 Optimal density foam or memory foam in direct contact with skin helps to prevent 
the patient from slipping in LST.76,80 This position can also be associated with facial and airway 
edema and potential ventilator difficulties in patients with pre-existing pulmonary disease. A 
rare but potentially devastating complication of LST is increased intraocular pressure leading to 
blindness, particularly in procedures longer than five hours. Five minute “supine rests” where 
permitted during long procedures can help to ameliorate these risks.76  
 
PREVENTING OPERATING ROOM FIRES AND LASER INJURIES  
Healthcare facility policies regarding fire and laser safety are based on Occupational Safety and 
Health Administration (OSHA) regulations, AORN guidelines, and American National Standards 
Institute (ANSI) standards. Providers must understand the specific policies of their institution as 
well as the manufacturer’s instructions for the specific laser and energy devices utilized. 
General principles of fire and laser safety tailored to urology are presented below. 
 
Over the past four decades, laser and energy devices have become a mainstay of urologic 
surgery.83 Multiple laser types have been adopted for various indications, including CO2, KTP, 
Nd: YAG, Ho: YAG, Tm: YAG, lithium triborate, and diode lasers. These energy sources are used 
across multiple urologic procedures, including endoscopic treatments for urothelial cancer, 
endopyelotomy, benign prostatic hyperplasia, urolithiasis, and penile lesions.83,84 ANSI provides 
specific guidance around prevention of harm from surgical laser use.85 A Laser Safety Officer 
(LSO) and a Laser Safety Committee (LSC) maintain and enforce each institution’s Laser Safety 
Policy. Laser safety in urologic procedures is based on the type of laser used, mode of 
operation, power density, tissue response, instrumentation, and risks. ANSI recommends laser-
specific protective eyewear for all persons in the nominal hazard zone. Awake patients should 
wear laser goggles or glasses, while anesthetized patients should be protected (e.g., using wet 
eye pads, laser-specific eye shields). Similar to ANSI guidelines, AORN has issued guidelines 
regarding laser safety.86 They recommend that doors should remain closed and have “laser-in-
use” signage and covered windows. Citing evidence that energy-devices carry substantial risk to 
patients, they advocate for the use of minimal energy settings. They also recommend 
avoidance of laser or monopolar devices where possible, as these pose the greatest risk of 
intraoperative fires. To illustrate the potential harms of energy-device use in laparoscopic 
surgery, AORN guidelines cite an in vitro study demonstrating significant energy leakage in 
monopolar devices during robotic surgery.87 Finally, when energy is delivered with a fiber, 
precautions should be taken to avoid breaking a laser fiber by leaning against, clamping, or 
bending a fiber beyond the manufacturer’s specifications.86 
 
Surgical smoke is the by-product of energy-generating devices (e.g., electrosurgical generators, 
lasers, powered instruments). Lasers produce an intense, coherent, directional beam of light 
and also produce heat, which raises the temperature in the cell, vaporizing and releasing steam 
and cell contents.83 Surgical smoke might be hazardous to OR staff. In a study of 20 patients 
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undergoing laparoscopic radical nephrectomy, intra-abdominal surgical smoke was collected 
and analyzed for the presence of carcinogens.88 Investigators found that five such compounds 
were detectible at greater than negligible quantities. Other work has shown that infectious 
agents can also be present in surgical smoke, including human papilloma virus, human 
immunodeficiency virus, and hepatitis B.89 Despite a 2013 systematic review showing no 
immediate adverse effects on OR personnel,90 the long-term risks have not yet been adequately 
investigated, and precautions are recommended. These include local exhaust ventilation (LEV), 
respirator (i.e., N95) mask or laser mask use, and in-line suction with particulate filters.91,92 
 
Intraoperative fires are uncommon events in urologic surgery. A closed claims report analysis 
from the American Society of Anesthesiologists revealed that 90 percent of intraoperative fires 
are attributable to electrocautery use, with 85 percent of these occurring during head and neck 
surgery.93 This is related to the combination of supplemental oxygen administration in close 
proximity to cautery and laser sources in the setting of combustible material such as drapes or 
pooling of alcohol-based skin preparations. This illustrates the classic fire triad of oxidizer, fuel, 
and ignition. Fortunately, in urology, operating near the airway is uncommon, aside from 
harvesting buccal grafts for reconstruction. Lasers in urology are most commonly used during 
endourologic procedures that take place in liquid (urine or irrigation), where combustion is 
unlikely. A recent report of an intra-abdominal fire secondary to cautery use during robotic 
prostatectomy revealed the cause to be incorrect administration of oxygen for intraperitoneal 
insufflation.94 Other reports of intraoperative fires during urologic surgery have been attributed 
to alcohol-based skin preparation.95 Simple strategies that surgeons should remember to 
prevent intraoperative fires include allowing alcohol-based prep to dry completely before 
beginning the case, re-holstering electrocautery pencils between uses, and placing fiber-optic 
light sources away from drapes and in standby mode when scopes are not in use.96 The FDA 
website provides useful information about surgical fire management and prevention. The 
FUSETM (Fundamental Use of Surgical Energy)97 program provides free access to useful online 
didactic content. Underlining the importance of fire safety, the FDA advises the team perform a 
fire risk assessment at the beginning of each procedure; often this is incorporated into the 
preoperative checklist.98  
 

Takeaway Points 

Surgeons can help prevent intraoperative fires through the following actions:  

 allowing alcohol-based prep to dry completely before beginning the case 

 re-holstering electrocautery pencils between uses 

 placing fiber-optic light sources in standby mode when not in use 

 
PREVENTING EXCESSIVE RADIATION EXPOSURE 
Radiation use within diagnostic medicine has increased over the years as it has become more 
readily available.99 Additionally, the incidence of kidney stones, an ailment most commonly 
diagnosed through medical imaging, continues to rise.100,101 Many of these patients are exposed 
to a significant amount of radiation from diagnostic imaging.102,103 A portion of these patients 
will also require surgical treatment. These procedures, and a subset of other urologic 
procedures, are fluoroscopically guided, exposing patients to a significant amount of additional 

https://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm608637.htm
https://www.fda.gov/medicaldevices/safety/alertsandnotices/ucm608637.htm
https://www.fuseprogram.org/didactic-content/
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radiation.104-106 With the rise in radiation-based diagnostic imaging and the increase in the 
number of kidney stones requiring surgical treatment that entails the use of radiation, 
increased concerns arise regarding a patient’s exposure to radiation.  
 
There are both short- and long-term potential risks of excess radiation exposure.100,107 

Deterministic effects occur over a threshold and include skin injury, hair loss, and cataract 
development and are not common with urologic intervention.107,108 Stochastic effects follow a 
linear-no-threshold model and include risk of malignancy. Risk is believed to rise with increased 
exposure and is believed to be age-dependent as well.109-112 Studies have estimated that 
medical imaging may be responsible for ten percent of all cancers in the United States.100,113  
 
Strategies for Minimizing Radiation Exposure 
There are some basic safety practices in the OR to follow in order to keep radiation exposure as 
low as reasonably achievable (ALARA), a concept introduced in 1954.114 The most important 
way to minimize radiation is to use the lowest possible settings. The low dose option on the 
fluoroscope reduces radiation exposure by 60 percent and can be used with both the portable 
C-arm and fixed cystoscopy tables.100 Standard fluoroscopy is continuous and administers 30 
pulses per second (pps). Various pulsed settings ranging from 1-15 pps can be programmed on 
the fluoroscope. Lowering the pps reduces fluoroscopy time by 34 percent, 55 percent, and 79 
percent at settings of 12, 4, and 1 pps respectively and has been shown to be safe and 
feasible.115-119 Radiologists have found pulsed fluoroscopy to be equivalent to continuous 
fluoroscopy with regard to image quality.120 The combination of low dose and 1 pps has been 
shown to reduce radiation exposure by 97 percent with no compromise in outcome.100,117 The 
use of 1 pps does create artifact with motion; so, the foot pedal should not be engaged when 
the fluoroscope is moving to adjust for this. The low-dose settings can be made part of the pre-
procedure safety checklist. Using the fluoroscope for as little time as possible during the case is 
a clear goal. Spot images rather than continuous fluoroscopy are usually adequate, except in 
rare instances. “Last image hold” technology allows reference images to be saved, stored, and 
then swapped to a second screen to avoid taking new images.121 If the entire field does not 
need to be seen, then the image can be collimated to narrow the area of exposure. This 
decreases the region of direct exposure, lessening scatter and dose delivered. 
 
In addition to low-dose and other setting adjustments above, there are some additional 
strategies than can help reduce radiation exposure further. Having a dedicated radiation 
technologist can potentially reduce time since such individuals are familiar with the case 
anatomy.122 Additionally, reducing technologist turnover mid-case, or detailed sign-out if 
turnover does occur, aids in case familiarity. Standardizing terminology to direct C-arm 
movement intraoperatively is important to avoid miscommunication and should be discussed 
pre-procedure. Technologists learn specific language during their training, which they can make 
available, or the surgeon can present their preferred terminology. Either way, directions should 
be well defined. Foot pedal control by the surgeon avoids confusion of when fluoroscopy is 
needed and whether it needs to be continuous or if spot images are adequate. Using the C-arm 
laser beam to guide the fluoroscope position into the desired location and then marking on the 
drape the location of the kidney and bladder help the surgeon to direct the technologist 
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between organs.121,122 The technologist can also mark the floor with tape or erasable marker to 
seamlessly transition from kidney to bladder; this is particularly helpful when the technologists 
turnover.  
 
Lastly, and perhaps the most obvious way to decrease radiation exposure, is to avoid its use 
altogether. Alternative imaging modalities exist that aid in the treatment of kidney stones. 
There is a body of literature utilizing pure ultrasound guidance for ureteroscopy (URS), SWL, 
and percutaneous nephrolithotomy (PCNL).123-128 Limited fluoroscopy can also be used in 
combination with ultrasound.129 For PCNL, endoscopic guided access has been shown to 
decrease puncture attempts, and thus fluoroscopy time.129-131 Also for PCNL, the use of air 
pyelogram has been shown to decrease radiation exposure.132 Lastly, in the case of URS, 
imaging may not be necessary at all, though this is not always feasible for complex cases.133-137 
 
Besides fluoroscopy time, distance and shielding are the other two principles of ALARA. It is 
important to keep the C-arm position with the patient close to the image intensifier and further 
away from the energy source. Fixed cystoscopy tables have been associated with higher 
radiation exposure compared to the portable C-arm.138 The energy source typically comes from 
over the patient with fixed tables versus under the table with the portable fluoroscope, which is 
thought to explain the difference. With regard to patient shielding, radiosensitive organs not 
within the working field can be covered, such as the thyroid.  
 
Radiation Safety in Pregnant Patients 
Pregnant patients are a unique population where radiation safety is particularly important 
because exposure poses risk to the fetus, with the greatest risk being during the first trimester. 
The American College of Obstetricians and Gynecologists (ACOG) guidelines state that magnetic 
resonance imaging and ultrasound are the preferred imaging studies during pregnancy.139 If 
taken to the OR for stent placement or URS, ultrasound guidance can typically be used for the 
duration of the procedure.140 ACOG states that if a diagnostic imaging technique is necessary or 
more readily available, it should not be withheld from the pregnant patient.139 If fluoroscopy is 
necessary, the lowest possible settings should be used (low dose and 1 pps), spot shots should 
be taken rather than continuous fluoroscopy, and the pelvis should be covered with lead. If 
using a fixed table with the energy source over the patient, the lead will drape over the pelvis. If 
using a portable C-arm, the lead will go under the pelvis, since the energy source comes from 
below the table. Some report inverting the C-arm to facilitate draping over the pelvis; however, 
bringing the tube source above the table increases scatter and radiation exposure as 
mentioned previously.138 
 
Radiation Safety in Pediatric Patients 
Pediatric patients are another more radiosensitive group, and their exposure during urologic 
procedures is not inconsequential.141,142 When using fluoroscopy in this population, guidelines 
established by the American College of Radiology (ACR) and the Society for Pediatric Radiology 
(SPR), should be followed.5 The Alliance for Radiation Safety in Pediatric Imaging initiated the 
Image Gently campaign and they continue to introduce initiatives such as “Pause and Pulse” 
intended to educate, and encourage mindfulness when using fluoroscopy in children.143 In their 
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document, they review ten ways to reduce radiation exposure during these procedures. These 
include familiarity with the equipment and its low-dose settings, consideration of alternative 
imaging, proper planning, use of the lowest pulsed setting that is adequate for the procedure, 
removal of the anti-scatter grid for small patients, avoidance of magnification, collimation to 
the desired field, proper patient positioning, use of last image hold and image store technology, 
and inclusion of the physicist for optimization and maintenance.143 Ultrasound should be 
preferentially utilized intraoperatively if and when feasible, and radiosensitive organs not in the 
area of interest can be covered (e.g., thyroid).123  
 
Radiation and Occupational Health 
While these practices help to minimize radiation exposure to the patient, they also help to 
minimize radiation exposure to the surgeon and staff in the room. Reducing exposure to the 
surgeon is also of utmost importance, as high-volume endourologists have the potential for 
significant exposure over the course of their career.144-146 While the typical urologist may not be 
in danger, physicians with routine fluoroscopy exposure have been shown to be at higher risk of 
multiple malignancies and cataract formation; therefore, limiting exposure is important.147-151 
Occupational exposure is recommended to be less than 20mSv per year averaged over a five-
year period (100mSv/5 years) by the International Commission on Radiological Protection 
(ICRP).152 Using the lowest settings possible reduces radiation effective dose to the surgeon by 
64 percent.117 In addition to using the lowest possible settings, protective equipment is equally 
as important. Studies have shown that while endourologists typically wear lead aprons (97 
percent), they are less likely to wear thyroid shields (68 percent), leaded glasses/gloves (17 
percent/10 percent), or use dosimeter to monitor their exposure (30-34 percent).118,145,153 
Other protective equipment that is available includes lead surgical caps and mobile lead 
barriers. Lead aprons should be checked annually for cracks. Pregnant surgeons should wear 
the two-piece design with a lead vest and wrap around skirt apron. They should also declare 
their pregnancy to the radiation safety officer early so that they can obtain a fetal dosimeter, 
worn at the pelvis beneath their lead and have it checked monthly. Other strategies to reduce 
radiation exposure to the surgeon include maximizing the distance of the energy source to the 
surgeon, placing lead between the energy source and surgeon, and operating in the standing 
position.154,155  
 
Lastly, cognizance is a critical factor. Fluoroscopy time has been shown to decrease if formally 
measured and reported back to the surgeon quarterly.156 Similarly, awareness and education 
via a formal radiation safety curriculum has been shown to significantly decrease fluoroscopy 
time and exposure.157-160 Training in radiation safety and knowledge of reduction techniques 
are often lacking.118,153 However, there are typically institution-specific radiation safety 
programs that are required to be completed and repeated every couple of years by those who 
routinely use radiation-based imaging. The ACR does have guidelines available on the Technical 
Standard for Management of the Use of Radiation in Fluoroscopic Procedures.161 They outline 
the qualifications and responsibilities of personnel including maintenance of competence and 
continuing education. In that document, appendix A reviews quantities and units definitions; 
appendix B reviews fluoroscopic equipment and machine settings and ways to reduce exposure 
to the patient, staff and operator; and appendix C reviews detection and management of tissue 

https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MgmtFluoroProc.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/MgmtFluoroProc.pdf
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reactions. While radiation-based procedures will likely never be eliminated from urologic 
practice, following these principles and continuing medical education (CME) will help keep 
patients, staff, and the urologic surgeon safe. 
 

Takeaway Points 

 The most important way to minimize radiation is to use the lowest possible settings 
and minimize exposure time. 

 Protective equipment should be routinely worn by surgical team members.  

 
PREVENTING UNINTENDED CONSEQUENCES OF TEACHING/LIVE SURGERY  
Surgical education continues to capitalize on innovations in technology, with examples of 
improved knowledge dissemination coming from live-streaming of operative cases. However, 
real-time demonstration of surgical techniques and approaches is not novel. At the beginning of 
the twentieth century, live surgical demonstrations were a cornerstone of medical 
education.162,163 Urologists have been at the forefront of this renewed interest in live surgery, 
and the literature explores aspects of this topic, from practical implementation methods to 
ethical considerations. Here the focus is on issues around patient safety as it relates to live 
surgery, the real-time transmission of surgical video to a remote location for educational 
purposes. 
 
The evidence generally suggests equivalent outcomes when live surgery cases are compared 
with controls. In a 2014 systematic review of live surgical demonstrations, the rates of 
complication in live surgery patients (including a study of robotic partial nephrectomy) were 
equal or better compared to control procedures or accepted rates reported in the literature, 
aside from a single study of coronary angioplasty.164 In a retrospective matched cohort study of 
36 robotic-assisted radical prostatectomy (RARP) patients, there were no differences reported 
in oncological outcomes or complications after a median follow-up of 31 months.165 There is 
evidence to support live surgery being safe in endourologic cases as well. Legemate and 
colleagues describe a study of 151 live surgeries that included 95 ureteroscopic cases and 56 
percutaneous cases for nephrolithiasis.166 They observed no statistically significant differences 
in intraoperative and postoperative complications, blood transfusions, failed procedures, and 
length of stay.  
 
While these findings of equivalency are reassuring, there are less encouraging examples 
reported in the literature. A study of patients abstracted from a large, multinational live surgery 
database was published in 2017 and included patients undergoing a range of urologic 
procedures, most commonly RARP.167 Although the authors conclude that their sample of 
patients did not experience higher complication rates compared to those reported in the 
literature, they did report 16 Clavian-Dindo complications grade III or higher, including one 
death following laparoscopic cystectomy. Finally, evidence from outside urology has 
demonstrated the potential for increased anesthetic time,168 and higher complication rates169 
amongst live surgery patients.  
 



16 
 

Treatment delay has been put forward as a concern in arguments against live surgery. Although 
there is no evidence to support this in urology, several experts have commented on the 
potential for delays in surgical treatment for patients selected for live surgery.170,171 A study of 
endoscopic retrograde cholangiopancreatography found this to be a significant factor in live 
surgery cases, with a delay in 87.5 percent compared to 44 percent in controls.168  
 
The ethics of performing an operation on a literal stage has been discussed at length in the 
literature.172 Concerns center on the consent process, specifically around whether the patient is 
always adequately informed about what their live operation will entail. With ongoing discussion 
during the case, is there a possibility for the surgeon to be more distracted? Has the surgeon 
declared a conflict of interest to the patient as they likely have been compensated for their 
participation and/or use of specific surgical instruments? Other ethical concerns focus on issues 
of confidentiality. Although laparoscopic camera views likely prevent the patients face from 
being exposed during the case, how can one guarantee that this will not happen during a 
camera cleaning period or if/when the patient is repositioned? 
 
An interesting finding comes from a survey of urologists attending two live surgery sessions.173 
While 78 percent of respondents felt that live surgery is fundamentally ethical, only 58 percent 
would allow themselves or their family to be a patient for a live operation, calling their earlier 
response into question. In another survey, this time to members of the EAU Robotic Urology 
Section with experience performing live surgery,174 two percent of respondents reported 
feeling significant anxiety, and 24 percent felt that surgical quality is worse when operating 
away from their ‘home’ environment. Other factors such as language barriers, equipment 
unfamiliarity, and even jet lag were identified by respondents as being negative factors when 
performing live surgery. Perhaps most worryingly, 42.4 percent of respondents felt that 
audiences at live surgery events, “…wished the surgeon to struggle or manage a complication 
during a live surgery broadcast.” 
 
It is important to note that often the surgeon is operating on his/her patient in the region or 
country where the conference is taking place, rather than broadcasting the procedure from 
his/her ‘home’ OR.174 This can lead to language barriers and team communication issues as well 
as unfamiliar equipment and OR setup.170 
 
The literature is mixed as to whether live surgery is superior over recorded cases from an 
educational stance. A survey of two major urologic conferences in 2014 found that respondents 
felt that the ability to ask questions in real-time provided by live surgery made it a superior 
educational tool.173 Dr. Arthur Smith argues the benefits of video recordings over live surgery in 
a commentary article to the British Journal of Urology International.170 He highlights, in 
particular, the ability to stop and rewind recorded video, the use of special ‘complications’ 
sessions to provide analysis of retrospectively recorded intraoperative crises or technical 
events, and an unpublished survey from the World Congress of Endourology that reported 66.4 
percent of respondents favored the pre-recorded approach over live surgery.  
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The only published guidelines concerning live surgery specific to urology comes from the 
EAU.175 They advocate for the continued use of an EAU registry of live surgery cases to ensure 
outcomes remain equivalent compared with non-live cases. They outline a set of organizational 
requirements that includes surgeon and patient selection, OR team preparation, preoperative 
planning and checks, and postoperative care in addition to guidance around technical issues 
with live surgery. Of note, they advocate for the selection of ‘standard’ cases over complex 
ones, and for thoughtful selection of surgeons for these events, with adequate case volume in 
their practice and experience with live surgery events. 
 

Takeaway Points 

 Evidence is somewhat mixed regarding the safety and efficacy of live surgery. 

 Common arguments against live surgery include treatment delay, non-transparent 
consent practices, and non-familiar operating room teams. 

 Recorded video with accompanying commentary has been proposed as an alternative 
method to surgical teaching at urologic conferences. 

 
PREVENTING UNINTENDED CONSEQUENCES OF NEW TECHNOLOGY ADOPTION  
As transformative surgical technology continues to innovate the way urological diseases are 
treated, it is imperative to understand clearly best practice around the safe implementation of 
these treatments. Regulatory bodies impose strict criteria to prevent patient harm, and it is the 
responsibility of industry, healthcare organizations, and clinicians to ensure that patient safety 
is not jeopardized in the name of innovation. Similarly, it is important to understand the current 
methods and limitations, of credentialing surgeons using new technology. Failure in this process 
can lead to wasted resources and, most importantly, patient harm.  
 
Although distinctive, many countries use very similar models when considering the 
implementation of novel technologies in the OR. In the United States, the FDA is responsible for 
approving medical technology prior to its use in the clinical setting. Surgical devices used in the 
OR undergo a multistage approval, the complexity of which is dependent on the classification of 
said device.176 Many devices must demonstrate feasibility and safety in clinical trials at the 
bench, animal, and human-levels prior to approval. The approval process ensures that the 
device in question has a substantial patient benefit that outweighs potential risks, and that the 
device is not less safe than devices already at market. Failure to demonstrate both efficacy and 
safety in humans prior to introducing medical or surgical innovation can have disastrous 
implications, both for patient safety and litigation.177 The FDA’s publically available MAUDE 
database is a passive surveillance system that contains numerous reports of device associated 
injury or malfunction. 

 
Despite these regulations, poorly tested technologies may still make it to market and negatively 
impact patient health. A notable example of this is the ProteGen Sling, a transvaginal mesh 
implant for female stress urinary incontinence. Rushed to market without adequate evidence 
from human trials in 1997, this product was recalled two years later following hundreds of 
devices causing erosion and infection in women.178 This cautionary tale of surgical innovation 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/search.cfm
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highlights the importance of thorough and carefully regulated study of new medical and 
surgical devices prior to use in the clinical setting.177 

 
Health Technology Assessment (HTA) is a widely-used process in many healthcare settings 
around the world. This process is separate from regulatory proceedings and focuses on the 
economic impact, cost-effectiveness, and comparisons against alternative solutions or 
treatments in addition to assessing its risk to patient safety.179 Although mandatory prior to 
introducing surgical technology in many countries, this is not the case in the United States. In 
the United States, these processes are undertaken by a variety of organizations and healthcare 
providers, including Medicare and Medicaid, AHRQ, and private health care organizations.180 
 
Once a new surgical technology or approach has been given FDA approval and undergone any 
other local checks and balances prior to implementation, the education, accreditation, and 
monitoring of surgeons conducting these procedures needs to be addressed.181 In qualified and 
practicing urologists, this process is often solely under the purview of industry, normally the 
company manufacturing the new device.182 It is therefore not surprising that these processes 
vary widely across devices, procedure types, and state or national borders.183 In the United 
States, there is no national program of surgical credentialing for specific procedures. Instead, 
surgical specialty and subspecialty societies are tasked with providing guidance for hospitals on 
how best to determine whether a surgeon should be deemed competent to perform a given 
operation. This has led to the creation of multiple layers of policy statements, 
recommendations, and guidelines from multiple organizations with different mission 
statements and objectives.  
 
The American Surgical Association released a set of principles to guide surgeons and hospitals 
around credentialing and privileging, following a consensus discussion.184 These eight principles 
include that surgeons should be board certified, have their outcomes monitored, operate on a 
minimum number of cases annually for a given procedure, undergo re-credentialing at set 
intervals, demonstrate technical proficiency in a proctored environment, undertake self-
regulation regarding the privileging process, demonstrate professionalism, and participate in 
retraining and retooling when undertaking new procedures.  
 
The AUA does not provide guidelines for the credentialing of urologists. A policy statement 
regarding urologists’ access to new technology simply states, “The American Urological 
Association (AUA) recommends that urologists should have access to the technological support 
necessary to practice the state-of-the-art medicine as defined in the specialty of urology.” 
However, the rapid rise of robotic-assisted surgery compelled the AUA to release a SOP 
regarding appropriate adoption practices of this technology into practice, with a focus on 
credentialing procedures, training and assessment recommendations, proctoring, and 
maintenance of privileges.185 They include that after receiving unrestricted privileges, urologists 
should continue to have their outcomes monitored at the institution level and demonstrate an 
adequate commitment to CME.  
 

http://www.auanet.org/guidelines/robotic-surgery-(urologic)-sop
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The use of a proctor in the early stages of adopting a new surgical technique, procedure, or 
device has gained wide acceptance in recent times. It is noteworthy that although many 
credentialing guidelines include the need for proctoring, the definition of what qualifies a 
surgeon to serve as a proctor, the duties of said proctor, and the amount of time the proctor is 
required varies across specialties, procedures, and device manufacturers.186,187 This 
heterogeneity and lack of standardized definitions, coupled with a lack of formalized 
assessments of technical and team-based competency reduces the entire proctoring process to 
simply the observation of novice surgeons for a variable amount of time, leading undoubtedly 
to wide variations in surgeon performance.182  
 
As mentorship and proctorship can often be difficult to facilitate in the context of a busy clinical 
setting, telemonitoring and telementoring have emerged as potential solutions.188 This 
technology allows for the proctoring of surgeons in rural or non-academic institutions where an 
expert may not be readily available to help and evaluate novice surgeons.189 While this process 
may be limited or hindered by latency of communications and information technology 
concerns, new techniques in telecommunication and cybersecurity may mitigate some of these 
concerns.184  
 

Takeaway Points 

 Current credentialing practices for new surgical devices is primarily under the purview 
of industry, leading to heterogeneous and unstandardized methods of ensuring 
surgeons are safe to operate using these novel approaches. 

 Methods of safely introducing and evaluating surgical technology should be designed 
to limit patient harm. 

 Proctoring, and more recently telementoring, shows promise as a means of improving 
the introduction of new surgical technology and techniques that shortens the learning 
curve of surgeons adopting a novel surgical approach. 

 

Optimizing Intraoperative Patient Physiology 
 
Although, as surgeons, urologists rely on anesthesia providers to manage intraoperative patient 
physiology, it is important that urologists maintain a working knowledge of contemporary 
anesthetic and analgesic options as well as intraoperative fluid, temperature, and 
gastrointestinal management. This can facilitate productive intraoperative communication with 
anesthesia colleagues.  
 
ANALGESIC CONSIDERATIONS 
A cornerstone of perioperative analgesia is the use of a pre-emptive, multimodal analgesic 
regimen that includes medications from multiple drug classes and a pre-emptive plus 
intraoperative approach such that patients have optimal pain control and minimal side effects 
from any single medication. Multimodal regimens may minimize the need for opioid 
prescriptions at discharge.190 
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Perioperative opioid administration can produce acute opioid tolerance, or tachyphylaxis, as 
well as opioid-induced hyperalgesia, an increased sensitivity to painful stimuli resulting from 
opioid use. Multimodal analgesia using non-opioids can reduce the incidence and severity of 
opioid tolerance and hyperalgesia.191  

 
Pre-emptive, multimodal analgesia is often initiated in the preoperative holding area and may 
include oral acetaminophen, oral non-steroidal anti-inflammatory drugs (NSAIDs), cyclo-
oxygenase-2 (COX-2) inhibitors, gabapentin, ketamine and opioids.192 Oral medications 
administered within a reasonable time prior to induction of anesthesia are not known to 
increase aspiration risk, with the exception of specific patient groups at high risk of aspiration 
such as those with gastric bands, achalasia, or gastric outlet obstruction. The unique benefit of 
any single agent within a regimen is not always discernable. Important non-opioid components 
of multimodal analgesics and their optimal application are described below. 
 
Acetaminophen may be administered orally, rectally or intravenously. Evidence from controlled 
trials and meta-analyses indicates that intraoperative intravenous acetaminophen is a safe and 
effective analgesic, particularly for elderly patients.193-195 The analgesic benefits of oral 
acetaminophen are likely to be comparable to those of intravenous acetaminophen, and oral 
formulations are less expensive, particularly when given as repetitive doses at regular 
intervals.196-198 Intravenous acetaminophen has a greater bioavailabiity than the oral 
preparation, but a similar effect may be achieved with higher oral doses. 
 
COX-2 inhibitors and NSAIDs including celecoxib, ibuprofen, oral naproxen, or intravenous 
ketorolac contribute to analgesic benefit as part of a pre-emptive or intraoperative, multimodal 
regimen. Long-term NSAID therapy can be associated with a variety of adverse effects, 
including gastric mucosal damage, renal toxicity, increased blood pressure, and adverse 
cardiovascular events, such as myocardial infarction. However, for many patients, NSAIDs can 
be given safely on a scheduled basis for a short course after surgery. COX-2 inhibitors are 
considered to be associated with lower risks of upper gastrointestinal adverse events compared 
to NSAIDs, both of which have analgesic benefits.199,200 Initiation preoperatively may be opioid-
sparing in the early postoperative period compared to postoperative administration.201 
Medications from these classes may increase the risk of perioperative renal injury, particularly 
in patients with compromised renal function at baseline, and may be omitted from 
perioperative analgesic regimens for high-risk patients and high-risk procedures.202,203 In some 
settings, the analgesic benefit of ketorolac in doses as low as 7.5 mg may be comparable to 
higher doses of 15 mg or 30 mg but with a theoretically lower risk of renal injury or bleeding.204-

208 Long-term use of NSAIDs is associated with an increased risk of adverse cardiovascular 
events. Perioperative NSAIDs should be used cautiously in patients with significant coronary 
artery disease (CAD). Patients with CAD who take aspirin for a cardioprotective effect often 
should continue aspirin perioperatively. The concomitant administration of another NSAID may 
inhibit the protective effect of aspirin, and for some NSAIDs, this effect is more pronounced 
when the NSAID is given before aspirin administration.209 To avoid interfering with the 
antiplatelet effect of low-dose aspirin, the FDA recommends giving ibuprofen at least 30 
minutes after or more than 8 hours before aspirin ingestion. 
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The gabapentinoids, gabapentin and pregabalin, are sometimes employed as part of pre-
emptive, multimodal analgesia. However, a unique benefit for acute postoperative pain control 
with gabapentin is not well-established in the literature, with conflicting data from small 
trials.210,211 Fewer data describe the effects of pregabalin as part of a pre-emptive, multimodal 
analgesic regimen. Gabapentinoids are known to have a sedating effect and, in combination 
with general anesthesia and postoperative opioids, may not be appropriate for patients at high 
risk of postoperative pulmonary complications.212 Gabapentinoids may be most appropriate for 
patients on such therapy preoperatively and those with existing neuropathic pain. 
 
Ketamine, an antagonist of N-Methyl-D-aspartate (NMDA) receptors, is increasingly used as an 
opioid-sparing analgesic and provides analgesia with minimal respiratory effects.213,214 Limited 
data have evaluated the effects of ketamine in urologic patients. However, anecdotal 
experience suggests it is most beneficial in patients either at risk of respiratory compromise 
from opioids or patients who use opioids chronically. A small trial of patients undergoing 
extracorporeal SWL demonstrated that ketamine infusion initiated prior to the procedure 
resulted in opioid sparing effects among patients chronically taking opioids.215 Other 
perioperative analgesics with NMDA antagonist activity include magnesium and methadone. 
 
Lidocaine infusion can reduce the use of systemic opioids and improve postoperative 
analgesia.216 In patients undergoing radical retropubic prostatectomy, lidocaine infusion used 
intraoperatively and continued for one hour after skin closure resulted in shorter hospital stays, 
less pain, and faster return of bowel function.217 Short durations of lidocaine infusion are 
generally very safe, but in dosing, consideration should be given to the concomitant use of local 
anesthetics in other routes, such as wound infiltration or nerve block. 
 
Dexamethasone is commonly administered as prophylaxis for postoperative nausea and 
vomiting (PONV) and occasionally is given perioperatively for its anti-inflammatory effects. 
Some recent evidence indicates that dexamethasone may confer significant postoperative 
analgesia, especially at relatively high doses, greater than 0.1 mg/kg intravenous.218,219  

 

Takeaway Points 

 In appropriate patients, multimodal analgesia should be used in order to minimize 
side effects. 

 
ANESTHETIC CONSIDERATIONS  
For a given procedure, patients may achieve safe and effective surgical anesthesia with various 
anesthetic techniques. Key sources of variation in management include airway and ventilation 
management, the use of paralytic agents (neuromuscular blockade), and the choice of general 
versus regional anesthesia. Absent compelling data from clinical trials, these choices may be 
guided with respect to optimizing the surgeon’s operating conditions, patient safety, analgesia, 
and patient preference. 
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There is no evidence that one strategy of airway management, such as laryngeal mask airway or 
endotracheal intubation, is superior to another. Airway management is guided appropriately by 
practical considerations that do not require trial-level data. Patients at high risk of aspiration, 
whether due to a recent meal or pre-existing medical disease, are poor candidates for general 
anesthesia or deep sedation without endotracheal intubation. In the setting of controlled 
mechanical ventilation, safety principles are extrapolated largely from the critical care literature 
and emphasize application of low to moderate positive end expiratory pressure, low tidal 
volumes of 4-8 mL/kg of predicted body weight, and normoxia, although diverse opinions are 
held on the latter point.220-222 Chemical paralysis (“muscle relaxation”) may be used to optimize 
surgical conditions. Residual neuromuscular blockade (i.e., incomplete reversal of the 
paralyzing agent) is an important safety issue that has been linked to increased postoperative 
morbidity.223 It is imperative that the effects of paralysis are absent at the time of extubation. 
Rates of residual blockade in the recovery room are about 40 percent, but this can be 
decreased substantially with use of a newer pharmacologic reversal agent. Complete reversal of 
paralysis decreases the risks of postoperative respiratory complications.224  
 
Anesthesia may be performed either as regional anesthesia, general anesthesia, monitored 
anesthesia care (MAC), or a combination of regional and general anesthesia or regional MAC. 
The type of anesthesia used is tailored to the surgical procedure and the patient. 
 

Takeaway Points 

 The choices of airway management and anesthesia type are guided by aspiration 
risks, patient preference, and the needs of the particular procedure including 
exposure and duration. 

 
Regional Anesthesia  
Regional anesthesia, such as spinal or epidural anesthesia, is an effective alternative to general 
anesthesia for many urologic operations, including cystoscopic procedures and transurethral 
resection of prostate or bladder tumors. For PCNL, epidural anesthesia is considered a safe 
alternative to general anesthesia for some patients and may result in improved patient 
satisfaction and decreased early postoperative pain.225,226 
 
Epidural analgesia can provide superior pain control for the first three days after major 
abdominal surgery, and effective analgesia should facilitate early postoperative ambulation.227 
In order to optimize ambulation, epidural catheter placement should be done in a location that 
avoids effects on lower extremity motor function. Patients should be assessed for hypotension 
and orthostasis, which can occur with epidural analgesia. Epidural anesthesia and analgesia are 
commonly used as part of many enhanced recovery pathways for major surgery. Perioperative 
epidural analgesia can decrease the duration of postoperative ileus after major surgery, 
including radical cystectomy.228 Epidural analgesia promotes gastrointestinal motility by 
minimizing use of systemic opioid but also via a direct of sympathetic blockade: epidural 
analgesia with local anesthetic increases gastrointestinal blood flow, bowel motility, and 
splanchnic perfusion.229,230  
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Transversus abdominal plane (TAP) block may be a reasonable alternative to epidural analgesia 
in radical nephrectomy and other major procedures,231 either with long-acting local anesthetic 
preparation or with continuous infusion. TAP block avoids the central neuraxial side effects of 
epidural analgesia.  
 
Persistent postoperative pain (PPP) may occur in some patients after major surgery. Some 
evidence exists that epidural anesthesia/analgesia and paravertebral block both may prevent 
PPP after thoracotomy and breast cancer surgery. However, the evidence for this is somewhat 
weak.232 Although no convincing evidence exists that such techniques prevent PPP after major 
urologic surgery, anxiety before surgery and use of postoperative pain medications may be 
predictors of chronic pain following radical retropubic prostatectomy.233  

 
INTRAOPERATIVE TEMPERATURE MANAGEMENT  
The CDC recommends that perioperative teams maintain perioperative normothermia in order 
to prevent SSI without specifying a lower temperature limit for normothermia, or timing or 
duration (Category IA – strong recommendation).48 Clinical evidence regarding an effect of 
hypothermia on SSI is conflicting.234 Forced air warming is commonly done for major surgery. 
During endourologic procedures, warmed irrigation can be helpful. Maintenance of 
normothermia may have benefits other than prevention of SSI, such as improved cardiac 
outcomes.235  
 

Takeaway Points 

 Current recommendations endorse maintenance of normothermia for surgical cases 
with the intention of preventing surgical site infection and major adverse cardiac 
outcomes. 

 
INTRAOPERATIVE MANAGEMENT OF GLYCEMIC STATUS, ANTI-EMETICS, GASTROINTESTINAL 
MOTILITY, AND OPIOIDS 
Nausea and vomiting after surgery are a major source of patient distress, delay of discharge, 
and increased costs of care.236 Postoperative vomiting additionally risks wound compromise 
and aspiration. PONV may be caused by medications such as inhaled anesthetics, opioids or 
surgical manipulation of the bowel. Prophylaxis of PONV is effective and improves patient 
experience as well as time to discharge.237 Consistent with ASA performance measurements, 
patients at high risk for PONV “are likely to benefit from receiving at least two prophylactic 
pharmacologic anti-emetic agents of different classes.” 238 Risk factors for PONV include female 
gender, history of PONV or motion sickness, nonsmoking status, younger age, laparoscopic 
surgery, inhalational general anesthesia, and use of postoperative opioids.239 Anti-emetics 
include 5-hydroxytryptamine (5-HT3) receptor antagonists (recommended as the first choice for 
prophylaxis for PONV in children), dexamethasone, antihistamines, butyrophenones, 
phenothiazines such as perphenazine, propofol infusion, NK-1 receptor antagonists such as 
aprepitant, and scopolamine (used with caution in the elderly and in men over 60 due to 
potential for urinary retention and confusion).238,239 In addition, avoidance of inhalational 
general anesthetic agents through use of total intravenous anesthesia (TIVA) reduces the risk of 
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PONV. Effective non-opioid analgesia that reduces the need for postoperative opioids also 
lessens the risk of PONV. 
 
Postoperative hyperglycemia increases the risk of surgical infectious complications.240 Patients 
with hyperglycemia, often defined as glucose greater than 180 mg/dL, may benefit from 
glucose monitoring and control with a goal of euglycemia with insulin therapy, whether 
subcutaneous or intravenous.241 With effective perioperative glucose management strategies, 
the risk of hypoglycemia should be minimal. The CDC recommend perioperative glucose control 
targeting values <200 mg/dL to prevent SSI (Category 1A – strong recommendation).48 
 
Enhanced recovery after surgery (ERAS) pathways that minimize the need for perioperative 
opioids and selectively employ epidural analgesia to improve gastrointestinal function, as 
described above, can facilitate early return of bowel motility and reduce length of stay. For 
radical cystectomy, intraoperative anesthesia management is a major component of effective 
enhanced recovery pathways. For open surgical procedures, epidural anesthesia with local 
anesthetics can be combined with TIVA with propofol to minimize intraoperative opioid use. 
For robotic cases, an intraoperative lidocaine infusion of intravenous lidocaine may be used 
along with postoperative TAP block.242  
 

Takeaway Points 

 Intraoperative therapeutics are applied to maintain organ perfusion and euglycemia, 
minimize ventilator induced lung injury, and prevent postoperative nausea and 
vomiting. 

 
INTRAOPERATIVE BLOOD PRODUCTS  
Practice Guidelines for Perioperative Blood Management have been developed by the ASA.243 
Those recommendations that pertain to urologic surgery are summarized here:  
 

1. Erythropoietin with or without iron may be administered when possible to reduce the 
need for blood transfusion in selected patients, such as those with renal insufficiency, 
anemia of chronic disease, or refusal of transfusion.  

2. Administer iron to patients with iron-deficiency anemia if time permits. (Oral iron 
therapy takes longer for effect than intravenous iron.)  

3. Determination of whether to transfuse red blood cells for hemoglobin concentrations 
between 6 and 10g/dL should be based on potential or actual ongoing bleeding, 
intravascular volume status, signs of organ ischemia, and adequacy of cardiopulmonary 
reserve.  

4. A massive transfusion protocol may be used to optimize delivery of blood products to 
massively bleeding patients.  

5. Consider acute normovolemic hemodilution to reduce allogeneic blood transfusion in 
patients at high-risk for excessive bleeding.  

6. Reinfuse recovered red blood cells as a blood-sparing intervention in the intraoperative 
period, when appropriate.  
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7. When feasible, obtain relevant test results before transfusing platelets (platelet count), 
fresh frozen plasma (PT/INR and aPTT), or cryoprecipitate (fibrinogen levels).243 

 
Numerous reports over the past five years have emphasized the acute immunosuppressive 
effects of blood transfusion, which negatively impact short-term morbidity and mortality as 
well as recurrence-free survival and cancer-specific mortality for multiple solid organ tumors. 
The problem is further complicated in cancer patients by the high rate of anemia on 
presentation. Stored blood cells deteriorate over time at a non-constant rate dictated by donor 
factors. Loss of cell integrity leads to extracellular accumulation of pro-inflammatory and 
immunomodulatory cytokines, hemoglobin, and micro-vesicles. This results in an additional 
inflammatory and immunosuppressive “hit” to the recipient at a time when the body is already 
under considerable stress. The literature is summarized nicely in two recent comprehensive 
reviews.244,245 In short, they recommend aggressive correction of anemia prior to surgery with 
non-transfusion based strategies, if possible, combined with meticulous control of surgical 
bleeding to minimize the need for intraoperative blood products.  
 

Takeaway Points 

 Avoid intraoperative blood transfusion, if possible. 

 
INTRAOPERATIVE FLUID AND BLOOD PRESSURE MANAGEMENT 
 
General IV Fluid Management  
Fluid management in perioperative therapy has been addressed in multiple observational 
studies. However, few trials, including protocols focused on ERAS, provide convincing and 
actionable strategies for the diverse range of urologic procedures. Absent this information, fluid 
management should target adequate global, regional, and local perfusion and be individualized 
to maintain appropriate intravascular volume.  
 
Intravenous Fluid Management During Post-Bleomycin Retroperitoneal Lymph Node 
Dissection 
Special consideration must be given to patients with prior exposure to bleomycin 
chemotherapy for testicular cancer, up to 40 percent of whom may harbor subclinical 
pulmonary fibrosis. Pulmonary failure is the most morbid complication of post-chemotherapy 
retroperitoneal lymph node dissection and may progress to adult respiratory distress syndrome 
and death. Any patient with a history of bleomycin exposure should be considered at risk for 
pulmonary complications, though the risk is greatest in smokers, men over 40 years and those 
who received more than three cycles of bleomycin. When managing patients with bleomycin 
exposure, it is critical to avoid excessive fluid administration, which will cause pulmonary 
edema, decreased diffusion, and requirement for toxic oxygen concentrations.246 Careful 
maintenance of fluid balance with judicious use of colloid and crystalloid as needed to maintain 
hemodynamics appears to be the most important factor for prevention of bleomycin-associated 
morbidity. Though more controversial, most surgeons recommend that inspired oxygen should 
be maintained at the lowest fraction of inspired oxygen (FIO2) needed to maintain oxygen 
saturation above 89 to 90 percent.247,248  
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Intraoperative Blood Pressure Management 
Maintenance of appropriate mean arterial pressure is not always achieved with volume and 
may require vasopressors to offset the decrease in systemic vascular resistance that occurs 
under anesthesia. In adult inpatients undergoing non-cardiac surgery, intraoperative 
hypotension is associated with both acute kidney injury and myocardial injury.249 Recently a 
large trial of surgical inpatients at increased risk for acute kidney injury demonstrated that 
management targeting systolic blood pressure within 10 percent of baseline pressure, 
compared with less conservative management, reduced the risk of postoperative organ 
dysfunction.250  
 
Intraoperative Irrigation Management  
Fluid management and monitoring can be more complex in urology than other surgical 
specialties. Urology is unique in that in addition to the standard monitored fluids such as 
intravenous infusions, urine output, and blood loss, there may be additional fluid sources that 
need to be watched. All endourology cases are performed with fluid irrigation into the urinary 
tract to aid in visualization. Monitoring the volume of irrigation infused and drained during 
endourologic procedures, particularly ones that involve high-volume continuous flow such as 
PCNL, TURP, and transurethral treatment of a large bladder tumor or stone, can identify 
mismatch. 
 
Intravascular absorption is well known to occur in patients during transurethral resections.251-

253 Absorption is more problematic during cases using monopolar electrocautery, when water 
or glycine are required. However, bipolar and laser technologies are now widely available, 
enabling tissue resection and vaporization in saline. For longer procedures, it may be best to 
utilize such technology to decrease the risks associated with hypotonic solution. 
 
For percutaneous procedures, fluid absorption is also always a concern, though it was 
previously believed not to be significant in uncomplicated procedures.254-257 Concerns for 
absorption have been present for decades, and in the 1990s, multiple research groups 
established the use of ethanol to monitor fluid absorption during these procedures. Absorption 
can be intravascular, extravascular, or via pyelovenous backflow. One research group showed 
that 78 percent of patients absorb some fluid during PCNL, with 28 percent absorbing more 
than one liter.258 Another group demonstrated fluid absorption in all 148 patients they 
studied.259 Risk increases with longer operative time, more irrigation volume, and higher fluid 
pressures.258-260  
 
Collecting system perforation and venous injury also increase the likelihood of fluid absorption, 
and if either knowingly occur, the procedure should be terminated. In the setting of 
unrecognized perforation, substantial irrigation can leak into the retroperitoneum or 
peritoneum. This can lead to physiological changes, which point to the critical nature of fluid 
balance monitoring in hopes to identify imbalance early. There have been multiple case reports 
of massive intra-abdominal collection of extravasated fluid after percutaneous renal surgery. 
One group aborted their procedure due to intraoperative hypotension, tachycardia, and 
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increased peak inspiratory pressures, and upon rolling the patient back to supine position, 
discovered that the etiology was abdominal hypertension from intraperitoneal irrigation.261-263 
Patients already at risk for fluid overload, such as those with heart failure or chronic kidney 
disease, may be at higher clinical risk for absorption.259 In complex cases, if significant 
absorption occurs, volume overload can lead to respiratory issues and cardiac failure. 
Anesthesia staff and nurses should monitor fluid balance closely, but it is ultimately the 
surgeon’s responsibility to verify that this is occurring. Additionally, during percutaneous renal 
surgery, the urethral catheter drainage bag should be monitored as continuous flow irrigation 
leads to more rapid filling with subsequent bladder overdistention if not routinely drained.  
 
In addition to fluid status monitoring, it is a strong recommendation in the AUA/Endourological 
Society Guideline on Surgical Management of Stones that clinicians use normal saline irrigation 
for these procedures (Evidence Level Grade B).31 While hypotonic solution and water are likely 
safe in uncomplicated adults, they should be avoided when possible because of rare but serious 
complications such as hyponatremia, intravascular hemolysis, mental status changes, seizures, 
renal or hepatic dysfunction, transurethral resection syndrome, and even death.264-268 

Electrolytes may be checked intraoperatively or postoperatively in the recovery room if there 
are any concerns.  
 
The risk of hypothermia increases during procedures requiring high volume endoscopic 
irrigation. Hypothermia is associated with peripheral vasoconstriction, increased cardiac risk, 
delayed emergence from anesthesia, extended post-anesthesia recovery, slower drug 
clearance, and hypoxia induced by postoperative shivering.269,270 Warmed irrigation and 
intravenous fluids can help prevent this complication. 
 

Takeaway Points 

 Intravascular fluid absorption during high volume continuous flow endourologic 

procedures can be significant; therefore, fluid balance should be monitored for 

mismatch. 

 Normal saline irrigation should be used for endourologic procedures whenever 
possible. 

 

Optimizing Behavior/Performance in the Operating Room  
 
PROMOTING A CULTURE OF SAFETY  
It has been almost two decades since the Institute of Medicine (IOM) recommended improving 
patient safety by addressing organizational cultural issues, especially in the OR.271 A recent 
analysis of perception of safety in the OR by OR personnel found that the higher the perception 
of safety, the lower the 30-day postoperative mortality.272 Yet, despite improvement efforts, 
safety culture still varies among hospitals. In institutions where a culture of blame exists, 
individuals avoid admitting mistakes because they fear punishment. The traditional hierarchical 
relationships among OR personnel may also inhibit a culture that promotes patient safety and 
teamwork.  

https://www.auanet.org/guidelines/stone-disease-surgical-(2016)
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Promoting a culture of safety requires transparency, feedback, and consistent reporting of 
errors and adverse events, eventually leading to better patient outcomes.273 Only when errors 
are reported can systems and processes be assessed and improved.  
 
What commonly is referred to as “just culture” in healthcare refers to an organizational culture 
that successfully balances the need for transparent non-punitive admission of errors with 
personal accountability for behaviors and organizational accountability for work systems. Just 
culture fosters mindfulness in workers, encourages accountability among team members, and 
engages employees in ongoing learning and system re-design.274  
 
Specific elements of a culture of safety include establishing safety as an organizational priority, 
promoting effective teamwork, encouraging patient engagement, providing organizational 
openness, promoting transparency, and expecting individual accountability. Shared core values 
and institutional goals are promoted through education and training.275 These attributes 
require strong and committed organizational leadership that promotes engagement and 
empowerment of all employees.273 
 
Strong and dedicated leadership is critical for adopting and maintaining a culture of safety.  
The IOM has emphasized that leadership is essential to achieving goals related to quality care 
and patient safety.271 Traditionally, surgeons are taught to think and act independently which 
can result in poor communication.276 However, successful leaders in the OR value 
communication and collaboration with their surgical teams.277 Surgeons must create a 
psychologically safe environment where staff feel comfortable voicing their concerns. This 
improves the safe and effective implementation of new technology and maintains team 
effectiveness.278 As suggested by Meritt and Helmreich, “a safety culture is more than a group 
of individuals enacting a set of safety guidelines; it is a group of individuals guided in their 
behavior by their joint belief in the importance of safety, and their shared understanding that 
every member willingly upholds the group’s safety norms and will support other members to 
that common end.”279  
 
Creating a safety culture requires an ongoing multilayer process that is facilitated when the 
following criteria are met:  
 

1. Leaders act as role models, as the active promoters of the safety culture and its desired 
outcomes;  

2. New members of the organization are integrated into the system by senior members 
who explain the purpose and importance of the safety culture;  

3. Organizations are proactive regarding safety by periodic preventive safety evaluations to 
identify weaknesses and latent failures in the system before they lead to active failures;  

4. Organizations encourage and reward vigilance and inquisitiveness from all members;  
5. An integrated approach focusing on system-wide analysis and remediation replaces the 

philosophy of blame and punishment; and 



29 
 

6. Organizations continually communicate results and celebrate successes to sustain effort 
and motivation.280  

 
Safety culture can be periodically assessed using organizational surveys alongside relevant 
safety outcomes to evaluate progress and identify areas that may require additional 
improvement efforts.  
 

Takeaway Points 

 Surgical staffs’ ratings of their institution’s commitment to a culture of safety are 
correlated inversely with their 30-day postoperative mortality. 

 Surgeon leaders are critical in upholding a culture of safety; especially important is 
maintenance of a psychologically safe environment that encourages team members 
to speak up with concerns 

 
TOOLS FOR IMPROVING PATIENT SAFETY 
There are many tools that can help providers improve patient safety. Healthcare Failure Mode 
Effect Analysis (HFMEA) is a method used to prospectively identify potential ways a process 
might fail and can be used when rolling out new technologies or for proactive assessment of 
existing high-risk processes.281 The goal of HFMEA is to find weaknesses and redesign the 
system to prevent errors before they occur. Six Sigma, LEAN, and other quality improvement 
methodologies have been adapted for use in healthcare settings to increase efficiency and 
prevent error. Root Cause Analysis (RCA) is a team-based exercise done retrospectively in 
response to a near miss or adverse event that generates action items for process redesign and 
prevention of future harm.282 To enrich the RCA, the Human Factors Analysis and Classification 
System (HFACS) can be used to assess the human factors elements contributing to events.283 

The Communication and Optimal Resolution (CANDOR) process is designed to improve the 
disclosure and investigation of an unexpected adverse event.284 AHRQ designed TeamSTEPPS® 
training to focus on teamwork and communication in order to improve patient safety.285 
Specific tools such as SBAR (Situation, Background, Assessment, Recommendation) are used to 
improve real time communication among healthcare workers, a common cause of medical 
error (Figure 1).282 SBAR allows all parties to proactively seek recommendations and necessary 
information to resolve issues as well as create a shared mental model286 The Comprehensive 
Unit-based Safety Program (CUSP) is a method that can help clinical teams make care safer by 
combining improved teamwork, clinical best practices, and the science of safety. The Core CUSP 
toolkit gives clinical teams the training resources and tools to apply the CUSP method and build 
their capacity to address safety issues by building a briefing process and supportive culture.287 
The goal of CUSP is to educate providers on the science of safety and then empower frontline 
staff to identify and address preventable harm with the support of hospital leadership. Surgical 
CUSP teams integrate all aspects of patient care by obtaining representation from the 
preoperative area, postoperative recovery unit, hospital ward, OR, and surgical scheduling staff 
to identify and correct system defects. Hicks et al. demonstrated that clinical staff and 
technicians can work with hospital executives to implement evidence-based SSI prevention 
interventions and develop infrastructure for addressing issues that affected patient safety.288 
They identified OR defects and redesigned the briefing and debriefing process in the colorectal 

https://www.patientsafety.va.gov/professionals/onthejob/hfmea.asp
https://www.patientsafety.va.gov/media/rca.asp
https://www.ahrq.gov/professionals/quality-patient-safety/patient-safety-resources/resources/candor/introduction.html
https://www.ahrq.gov/teamstepps/index.html
https://www.ahrq.gov/professionals/education/curriculum-tools/cusptoolkit/index.html
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ORs, reducing colorectal SSI by 33 percent in one year and improving qualitative reports of OR 
culture and teamwork.288 Many hospitals have dedicated Patient Safety Managers with 
experience using these tools who are willing to partner with clinicians interested in improving 
surgical patient safety. 
 
Figure 1. Situation, Background, Assessment, Recommendation 

 
IMPROVING INTRAOPERATIVE TEAMWORK (NON-TECHNICAL SKILLS) 
Providing consistently safe and successful surgical outcomes is dependent in part on the 
cooperation and cohesiveness of the surgical team. It is recognized that OR team performance 
is a key contributor to patient safety, with multiple contributory domains of non-technical skill 
already identified across the medical and surgical literature.289-291 These non-technical skills 
(NTS) are often difficult to quantify, but the introduction of global rating scales (GRS) such as 
the Non-Technical Skill for Surgeons (NOTSS) has allowed for individual and team ratings in 
situational awareness, leadership, communication, and decision making. These measurements 
have been adopted from or inspired by, existing methods developed in other high-reliability 
industries such as aviation and nuclear energy.292  
 
The first and easily most studied instrument for quantifying NTS is the NOTSS tool (Figure 2). It 
is comprised of four NTS domains, which were determined through cognitive task analyses 
using Scottish consultant surgeons in general, cardiac, and orthopedic surgery.293 Situational 
Awareness, Decision Making, Teamwork and Communication, and Leadership are all captured 
using the NOTSS instrument.294 Evidence for the NOTSS tool’s ability to discriminate between 
good and poor NTS performance has subsequently been demonstrated in urology, notably in 
the context of simulation-based assessment.295-297 The NOTECHS rubric, an assessment tool 
adapted from aviation, was originally designed as a means of evaluating the Crew Resource 
Management (CRM) skills of pilots.298 Initial studies showed that NOTECHS is a reliable means 
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of assessing NTS in both the simulation299 and actual OR290,300,301 settings. Brewin et al. found in 
an immersive, in situ simulation setting that video-assisted rating of team performance with 
NOTECHS was able to reliably distinguish expert and trainee urologists. Finally, the OTAS 
(observational teamwork assessment for surgery) tool consists of two components, a checklist 
and a GRS that assesses team performance over the pre-, intra-, and postoperative periods. 
After initial construct validation by Undre et al.,302 it was adopted for urologic surgery in 
2007.303 Like other NTS scales, it can be used to score combined team performance or to assess 
the NTS of a subset of the operative team, such as anesthetists or nurses.  
 
Figure 2. The NOTSS Global Rating Scale  
 

 
Adapted from Yule et al. 2008294 
 
Improvement in NTS metrics serves not only to maximize patient safety by solidifying team 
performance and communication but also can positively impact individual technical 
performance. A positive correlation between NTS and technical performance has been 
demonstrated in simulation studies304-306 as well as in the OR environment, in both laparoscopic 
and open surgery.290,301,307 
 
The direct relationship between NTS and measures of patient safety has been underexplored to 
date. However, using principles from human factors research, there is evidence to support the 
role of teamwork in mitigating latent safety threats in surgery.308 Of note, research done in 
cardiac and pediatric orthopedic surgery demonstrated that effective teams, as measured by 
the NOTECHS tool, had fewer intraoperative safety threats arise.309 While not directly tested in 
urologic surgery, it is likely that these findings are translatable as the principle of effective 
teamwork as a method to detect and prevent latent threats in high-reliability environments has 
been widely validated.310,311 
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Development and validation of measures of team performance represent only initial steps in 
improving operative safety. For effective quality improvement, it is imperative that 
stakeholders can efficiently address gaps in NTS knowledge and ability through targeted 
educational interventions. Examples of effective, yet separate and complimentary, educational 
design techniques for NTS training are simulation, coaching, and dedicated OR teams.  
 
In situ simulation, which allows for surgical teams to implement training scenarios in the actual 
clinical environment in which they work, has been used with good effect for not only enforcing 
positive NTS within the surgical team, but also for identifying safety threats and human factor 
issues in the OR. Rao and colleagues showed that non-technical performance of all members of 
the surgical team improved over two in situ scenarios after a team debriefing.312 Despite this 
evidence, in situ simulation has been vastly underutilized in urology, but the evidence from 
emergency medicine,310 cardiorespiratory resuscitation,313 and trauma care314 supports its 
ability to improve team performance and enhance patient safety measures.  
 
Immersive simulation situates trainees and surgeons into a high-fidelity simulated OR with 
‘confederates’ representing members of the anesthesia and nursing teams to allow for 
assessments of teamwork and communication to be completed. Evidence supporting immersive 
simulation as a means of improving both technical and NTS amongst novice surgeons has been 
shown specifically in urologic surgery.297,315 Outside of urology, seminal work by Riley et al. 
showed that perinatal morbidity improved at a hospital randomized to receive simulation-
based team training.316 Team-based simulation interventions focused on urologic surgery could 
become a useful improvement strategy in the future. 
 
Coaching has been presented as another means of effectively teaching NTS in surgery.317 This 
structured approach to training has been extrapolated from athletics,318 supported by the 
underlying principle of continuous quality improvement (CQI).319 This methodology can be 
applied both in the OR for real time assessment and feedback,318 or with the use of video-
replay at a later time, facilitating discussion and reflection on one’s performance.320,321 
Coaching as a means of improving NTS is supported by level-one evidence, with a randomized 
trial demonstrating trainee improvement in NTS with the application of video-based coaching 
techniques.322 Again, while not described in urology, these principles are certainly transferrable 
to the education and improvement of NTS in the OR amongst urologists and trainees. 
 
Finally, the literature supports the use of dedicated OR teams as a means of standardizing 
quality of care.323 Although evidence supporting the use of dedicated, multidisciplinary teams in 
colorectal324 and gynecological325 surgery has been established, evidence from urologic surgery 
is more sparse. Despite this, work from Sim et al. showed that a dedicated robotic surgery team 
was able to shorten the learning curve for robotic-assisted radical prostatectomy, with 
significant reductions in blood loss and perioperative pain.326 Lasser and colleagues found that 
the use of consistent, non-physician team members was associated with decreased OR time.327 
Jenks et al. found that in the sacral neuromodulation cases, a dedicated surgical team led to 
significantly reduced postoperative infection rates.328 
 



33 
 

Takeaway Points 

 Simulation training can improve the non-technical performance of surgical team 
members and has been linked to improved patient safety metrics. 

 The use of standardized, dedicated operating room teams may be linked to shorter 
procedural times and decreased postoperative complication rates in urologic surgery. 

 
MANAGING CONFLICT AND DISRUPTIVE BEHAVIOR  
Conflict among team members in the OR has many sources, including equipment needs, 
scheduling, roles, safety, sterility, and situational control.329-331 A review of the conflict 
literature in surgical teams noted mainly negative associations between conflict and team 
performance.332 However, there is some evidence that “task-related” (cognitive) conflict can 
improve innovation, motivation, and team performance, while “relationship” conflict is more 
often associated with distrust, anger, cynicism, and apathy, negatively impacting team 
performance and satisfaction.333,334 Expression of negative emotion as well as misattribution 
(blaming) and harsh language (profanity, threats, personal attacks) can activate and exacerbate 
conflict by transforming tasks into relationship conflict.329,335,336 Surgeons engage in 
interpersonal conflict more than other physicians and are noted to be particularly stubborn and 
difficult to deal with once conflict occurs.330,335 Surgeons under stress justify using forceful 
communication (e.g., threats) because this expedites achieving their goals.335 However, this 
type of communication is also more likely to lead to relationship conflict. The negative effects 
can unfortunately spread beyond those involved in the conflict.335 Gawande et al. interviewed 
surgeons and found that poorly managed conflict can be a source of error resulting in patient 
harm.318,337 Fortunately, although some conflict is likely unavoidable during surgery, its harmful 
effects can be mitigated by appropriate management. Successful conflict management 
strategies reported by OR teams include maintaining calm (emotional control), focusing on 
problem solving, addressing system issues with administration, respectfully confronting team 
members, and enhancing communication with expanded explanations.337 A review of the 
medical team conflict literature suggests that establishing guidelines for conflict resolution, 
improving members’ skills in conflict management, and fostering a climate of cooperation and 
trust can all help alleviate the negative impact of conflict on team performance. Historically, 
few residency programs have offered formal training in conflict resolution. Therefore, for 
practicing urologists, courses in conflict management can provide a useful forum to learn and 
practice these skills. 
 
The Joint Commission in 2008 issued a sentinel event alert regarding the negative impact of 
disruptive behavior on patient care.338 Intimidating, aggressive, and disruptive behaviors are 
more commonly noted in individuals in positions of authority and can include verbal outbursts, 
physical threats, condescending language or more passive resistance, such as impatience or the 
refusal to answer questions or return pages.330,339 Such behavior undermines team functioning 
and impacts patient safety, which relies on quality communication.338 Ninety-one percent of 
perioperative nurses surveyed report exposure to verbal abuse in the past year, with abusive 
anger and condescension noted most commonly.340 Nurses and other physicians report that 
attending surgeons display more disruptive behavior than other providers in the hospital 
setting.341 The majority of perioperative staff believe that disruptive behavior aggravates stress 
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(93 percent), increases frustration (92 percent), decreases concentration (84 percent), and 
reduces collaboration/communication (89 percent). Additionally, 46 percent of staff report the 
association of disruptive behavior with an adverse event.341 Rudeness has been shown to 
impact the cognitive skills of other team members and impair performance.342,343 A recent 
randomized controlled trial during a neonatal resuscitation simulation provides high-level 
evidence that rudeness negatively impacts both diagnostic and procedural performance scores 
as well as measures of teamwork.344 Unfortunately, physicians justify intimidating behaviors as 
expressions of frustration or intensity without adverse impacts on communication or patient 
safety.339 It is incumbent upon surgeons to recognize that intraoperative reactions can 
negatively affect the performance of other members on the surgical team.345 If awareness of 
this issue alone is not sufficient to change behavior, additional training should be considered to 
develop healthier coping strategies.346,347 Hospitals are now required to have both a code of 
conduct as well as a plan for identifying and addressing disruptive physicians and staff.348  
 
Different professions in the OR often attribute motivation (sometimes inaccurately) to other 
team members. Nurses view surgeons as egotistical and antagonistic, motivated by frustration. 
Surgeons feel nurses are controlling and rigid about rule-keeping, motivated by fear of 
management.349 These inaccurate perceptions coupled with the negative interpersonal 
interactions previously discussed (e.g., conflict, disruptive behavior) often result in a tense or 
hostile intraoperative environment. Observational and interview studies note that 100 percent 
of cases in a large urban hospital and 70 percent of cases in a small institution had “high-
tension events,” most commonly occurring between surgeons and nurses.349,350 Tense 
situations may encourage team members to withhold information or refuse to collaborate.351 
Tension puts performance at risk, as 68 percent of nurses and consultants and 86 percent of 
trainees surveyed admitted they were more likely to make errors in tense or hostile 
environments.352 Improving the understanding of the roles of other team members, developing 
healthy ways to manage conflict, and avoiding disruptive behavior can improve teamwork 
communication and maximize patient outcomes. 
 

Takeaway Points 

 Conflict in surgical teams can negatively impact team performance, particularly when 
personal blaming or harsh language is used.  

 Disruptive behavior among surgeons is common and threatens patient safety by 
undermining team functioning and adversely impacting communication. 

 
IMPROVING SURGEON AND ASSISTANT ERGONOMICS  
Across the spectrum of subspecialty surgery, discomfort and ergonomic issues are becoming 
more prevalent.353 In the broadest sense, ergonomics concerns the interaction between the 
system in which urologists work and the individuals who work within the system.354 In the 
context of the surgical environment, ergonomics refers specifically to the manner in which 
surgeons physically interact with the patient, operating table, surgical equipment, and OR 
environment and the potential negative sequelae that can arise as a result from poor design or 
implemention.355 In urology, the question of surgical ergonomics has been raised since the 
advent of laparoscopy, where musculoskeletal (MSK) discomfort became a part of the daily 
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experience for many oncologists and endourologists.355 Survey data supports the notion of 
ergonomics being an issue in urology, with over 60 percent of respondents attributing MSK pain 
in the neck, shoulders, and back to work-related incidents.356,357  
 
Impact of Surgical Ergonomics 
Lack of attention to surgeon ergonomics can adversely impact the healthcare system, 
increasing cost, decreasing surgeon and surgical assistant efficiency and performance, and 
potentially affecting patient outcomes.357-360 A recent systematic review of ergonomic 
interventions demonstrated a benefit to both patients and healthcare workers, with improved 
clinician quality of life found in many included studies.361 Poor ergonomics can increase time 
away from work,360 increase use of pharmacological and physical therapy-based 
interventions,360 and reduce technical performance.359 While the impact of surgeon and 
assistant ergonomics on patient outcomes has not been directly studied, the known influence 
of technical performance on patient outcomes362,363 suggests that positioning and other 
ergonomic factors may contribute to variation in these endpoints.  
 
Risk Factors for Musculoskeletal Strain in the Operating Room 
The literature supports the existence of both modifiable and non-modifiable risk factors for 
surgeon ergonomic-related injury. First, it is accepted that surgeons of different genders face 
different ergonomic challenges. Although recent evidence suggests female surgeons have 
superior outcomes in many procedure types,364 evidence suggests the risk of MSK injury among 
female surgeons is up to twice that of their male colleagues in laparoscopic surgery.365,366 
However, female surgeons are less likely to seek invasive treatment options for MSK injuries.367 
Smaller hand size has implications for rates of hand injury as well as difficulty with instrument 
manipulation in laparoscopy.368,369 Data from the most recent AUA Census (2017) noted that 41 
percent of urologists have work-related MSK pain, and rates are even higher in women <45 
years of age (65 percent).370 In contrast, surveys of oncologic surgeons suggest that male sex is 
an independent predictor of occupational injury.367,371 
 
Surgical inexperience has been identified as a risk factor for ergonomic difficulty in the OR. This 
can manifest as increased eye strain and finger neuropraxia in laparoscopic surgery, as well as 
MSK injuries to the back, wrists, and hands.357 Simulation-based studies have shown that 
resident surgeons showed increased muscle contractility and significantly higher discomfort 
scores compared to faculty surgeons.372 A study comparing novice and experienced robotic 
surgeon performance on the daVinci Surgical Simulator© (Inuitive Surgical, Sunnyvale, CA) 
found significant differences in elbow and wrist positioning at the robotic console, with novices 
more frequently positioning their arms in a manner that could lead to MSK strain.373  
 
The various surgical approaches also have unique ergonomic sequelae. Although studied much 
less than minimally invasive approaches,374,375 open surgery poses its own unique risks to 
surgeon health. Evidence suggests that compared to minimally invasive surgery, open 
approaches lead to increased risk of vertebral disc herniation, likely secondary to upper body 
twisting and suboptimal head positioning.376,377 The majority of the endourologic literature 
compares muscle strain when using direct or video/fiber-optic endoscopes, with multiple 
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studies showing the superiority of digital platforms.378 MSK injury due to ergonomic strain 
during laparoscopy remains the most well-studied of all the urologic approaches . The 
combination of static posture and prolonged, isometric muscle contraction serves as the basis 
for much of the increased pain and fatigue associated with this surgical approach.372,379,380 
Increased effort is required to complete even simple maneuvers, with upwards of five-fold 
increased force required compared to open surgery.377,381 Monitor position has also been 
shown to influence shoulder and neck MSK strain.382 Additionally, eye strain poses a risk to 
surgeons performing laparoscopic surgery.383 Robotic-assisted surgery poses similar challenges 
with static posture and isometric upper-limb muscle contraction.353,384 Robotic surgeons 
attribute between 25-50 percent of MSK fatigue and discomfort to design of the console,385,386 
with surgeon height playing a role.387 Similar to laparoscopy, eye strain can pose a risk to 
surgeons using the robotic console, mitigated by the recent implementation of high-definition 
video.384 
 
Optimizing Ergonomics within the Surgical Environment 
The physical setup of the OR has important implications for surgeon ergonomics, including 
table height, video monitor placement, and pedal placement. Optimal table height adjustment 
minimizes the strain on the upper limbs and upper back.361 In open surgery, the recommended 
height of the table is five centimeters below the level of the tallest surgeon’s elbow, with 
shorter surgeons standing on stools to compensate.388 In contrast, laparoscopic table height 
should be lower than open surgery, ideally having the surgeon’s elbows flexed between 90 and 
120 degrees to avoid shoulder and wrist injury associated with tables at open surgery height.389 
As a guide, the table should be situated at approximately 70-80 percent of elbow height, or 
roughly the level of the operating surgeon’s pubic bone.390 Monitors should be aligned with the 
target organ. These principles are illustrated in Figures 3 and 4. Hand-assisted laparoscopic 
surgeries benefit from having the table much higher, approximately two inches above the 
elbow height to facilitate non-laparoscopic hand positioning, thereby reducing muscle 
fatigue.391 Secondly, poor positioning, especially in the height, of the monitors during minimally 
invasive surgery may lead to neck and upper back strain372,392 in addition to issues with 
asymmetric contraction of spinal muscles.376,377 Importantly, multiple studies have 
demonstrated improvements in efficiency,393 simulation-based technical performance,394 and 
reduction in technical errors when a ‘gaze-down’ display is used.395 The described optimal 
height in the literature places the middle of the screen 10-20 degrees below eye level, allowing 
for neutral cervical spine position, and this typically occurs when the top of the monitor is 
about eye height.396 This is illustrated in Figures 3 and 5. In addition to monitor height, 
recommended viewing distance is three feet away in order to optimize visual acuity and 
prevent forward protrusion of the neck in order to see clearly.397 A final cause of MSK strain in 
the urology OR setup is the placement of foot pedals for the control of fluoroscopy and 
electrocautery.398 Improperly placed pedals can lead to physical discomfort in legs or feet 
caused by prolonged dorsiflexion while hovering one’s foot above the pedal so as to not lose 
contact.299 Foot pedals should be placed in front of the dominate foot and in line with the 
target instrument (Figure 3). Alternatives to foot pedals include the use of hand triggers for 
cautery and fluoroscopy.398 Even in open surgery where the OR set-up has less influence on 
surgeon body position, poor surgeon posture can lead to fatigue and MSK strain (Figure 6). 
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Figure 3. Monitor and Table Placement, Laparoscopic Surgery 
The operating surface is at pubic height and the elbows in 90–120 degrees of flexion. The foot 
pedal is directly in front of the working foot. The monitor is 3–4 feet from the surgeon with the 
top of the screen at eye level so that the center of the screen is 10–20 degrees below eye level. 
 

 
Permission for use granted by Carrie Ronstrom, 2018. 
 
 
Figure 4. Monitor and Body Orientation, Laparoscopic Surgery 
Proper monitor placement in the OR is shown with a straight line between the surgeon and 
assistant’s body orientation, target organ, and monitor. 
 

  
Permission for use granted by Carrie Ronstrom, 2018. 
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Figure 5. Monitor Height, Endourologic Surgery  

 Correct monitor height is shown in the top image. The top of the monitor is placed at 
eye level and approximately three feet away from the surgeon.  

 Incorrect monitor height, with the monitor above eye level, is shown in the bottom 
image. 

 
Permission for use granted by K. Chrouser, 2018. 
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Figure 6. Surgeon Posture 
The surgeon on the left is standing with correct posture, head only slightly inclined 
(approximately 20 degrees).  
The surgeon on the right has incorrect posture with his back and head overly flexed. 

 
Permission for use granted by K. Chrouser, 2018. 
 
Strategies to Prevent Intraoperative Musculoskeletal Strain 
Simple interventions have been put forward to mitigate ergonomic issues in the OR, including 
physical warm-ups and micro-breaks.399-401 Other high-reliability and high-skill industries use 
physical warm-up as a means of mitigating injury and improving dexterity and circulation. In a 
systematic review of the surgical literature, preoperative warm-up was found to significantly 
improve laparoscopic surgical performance, including studies of urology trainees and surgeons 
completing simulation-based assessments of laparoscopic and robotic skills. 399 Similar evidence 
exists supporting short intraoperative micro-breaks with stretches to improve surgeon 
ergonomics, with benefits including improved quality of life, decreased MSK discomfort, and 
reduced surgeon physiological strain.401,402 Also, surgeons can use “postural resets” as a 
habitual way of regularly reassessing and correcting postural quality during intraoperative 
breaks or during a case natural transitions.403 These simple, time-efficient interventions can 
easily be incorporated into a surgeon’s daily routine. 
 

Takeaway Points 

 Musculoskeletal injury is prevalent amongst surgeons conducting open, laparoscopic, 
and robotic surgery and is related to isometric muscle contraction, posture, and 
monitor positioning. 

 Optimizing ergonomics in the operating room has a direct health benefit to surgeons.  

 Simple interventions such as warm-up and micro-breaks have supportive but limited 
evidence demonstrating a reduction in musculoskeletal strain and injury.  
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MANAGING MUSIC/NOISE/DISTRACTIONS  
Intraoperative distractions can negatively affect surgical quality and efficiency. A recent review 
noted the most common intraoperative distractions were movement (e.g., monitors, doors) 
and case-irrelevant conversations, while the most disruptive to surgical efficiency and flow 
were equipment problems, surgical case difficulties, and irrelevant conversations.404 An 
observational study of urologic surgeries noted a distraction rate of one every ten minutes, and 
distractions were associated with deterioration of safety checks.405 Distractions during general 
surgery cases were noted to increase both surgeon stress and mental workload as well as 
decrease measures of teamwork.406 Cardiac surgical errors and near misses also increased in 
the presence of distractions and disruptions in surgical flow.407,408 Several studies suggest that 
inexperienced trainees are more affected by distractions than experienced surgeons.404 
Therefore, elimination of unnecessary intraoperative distractions and interruptions could help 
maximize the quality and efficiency of surgical care, especially when trainees are operating. 
Barriers to the implementation of strategies to reduce distractions and interruptions during 
surgery include both staff resistance to changing surgical processes as well as providers’ poor 
understanding of the negative performance impact of distractions.409 For distractions that 
cannot be eliminated, surgeon education in multitasking and stress management can be 
helpful, especially for junior staff and trainees.404,410  
 
Noise levels during surgery often exceed recommended levels found in occupational safety 
guidelines, and chronic exposure can induce hearing loss.411,412 Sources of intraoperative noise 
include staff conversations, equipment (e.g., lasers, warming units, suction), alarms, air 
conditioners, and music.411 Noise can adversely impact cognition, concentration, memory, and 
performance of surgical team members.411,413,414 Sound reverberation and poor speech 
discrimination impair team communication with worrisome patient safety implications.415 
Strategies to better manage intraoperative noise include minimization of irrelevant staff 
conversation (especially during critical portions of the procedure), use of plastic rather than 
metal bowls/trays, and designing OR floors/ceilings to absorb rather than reflect sound.411 
 
Literature assessing how intraoperative music impacts performance and surgical outcomes has 
been inconclusive.416 There is some evidence that music reduces surgeon stress and improves 
surgical efficiency and performance.417-419 However, music has also been shown to negatively 
impact surgeon auditory processing,420 decrease the accuracy and efficiency of communication 
among surgical team members, and impair surgical learning.421 The effect seems modulated by 
the type of music selected and the volume at which it is played.411,418 Suggestions to minimize 
potential negative effects include playing background music at a “reasonable” volume, having 
team members agree on genre, and stopping music during critical portion of the 
procedure.411,415 In addition, “smart” music controllers, such as CanaryBoxTM, can automatically 
reduce music volume when patients become hemodynamically unstable, in order to facilitate 
communication among surgical team members during a crisis.422,423 
 
MAXIMIZING TECHNICAL PERFORMANCE  
Recent evidence in urology and other surgical specialties has illuminated the significant 
relationship between intraoperative performance and patient safety.363 Although the technical 
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skill of a surgeon has always been anecdotally linked to patient outcomes, the literature now 
supports this in radical prostatectomy,304 gastrectomy,424 gastric bypass,362 and 
pancreaticoduodenectomy.425 Innovative approaches to evaluating, improving, and monitoring 
this measure of surgical quality are emerging in the education and quality improvement 
literature, using valid assessment instruments and structured training methods.  
 
Simulation has long served as a means of assessing both technical and non-technical skill, 
primarily for training of surgical residents and fellows. Simulation can be used for assessing 
surgeon performance in a low-stakes environment, where patient safety is not jeopardized in 
the name of education. This assessment environment can consist of traditional dry-240 and wet-
lab exercises,426 in addition to more innovative simulation platforms like virtual reality (VR).427 
Evidence supporting the transferability of VR training to the OR428 has cemented its use in 
surgical curriculum, especially robotic surgery.429 Technical skill assessments can be carried out 
in the OR, both in real-time430 and postoperatively using video-capture. Video-capture in the 
OR, after addressing any patient or hospital ethical concerns, can be particularly advantageous 
for surgeon learning as it facilitates in-depth analysis of patient safety issues and granular 
assessment of surgeon performance.431  
 
Evaluations of technical skill must be feasible across all OR environments. A lack of video-
capture in open surgery can make assessments of technical skill somewhat challenging. The 
Objective Structured Assessment of Technical Skills (OSATS), although originally developed for 
dry-lab skills assessment,432 has since been used in a multitude of surgical settings, including 
open surgery in the OR.305  
 
Laparoscopy continues to be the predominant surgical approach in pediatric urology, 
endourology, and urologic oncology. It is often taught earlier in residency than other minimally-
invasive surgery (MIS) approaches such as robotics. The GOALS (Global Operative Assessment 
of Laparoscopic Skills) rubric was developed for just this purpose and has been used in urology 
to assess trainee performance in the simulation setting.433 However, it has yet to be used in the 
OR to assess performance, limiting the ability to predict patient outcomes. 
 
Endoscopic surgeries of the urinary tract are commonly performed by trainees and urologists 
alike. The scope-based skill set is drastically different than abdominopelvic surgical approaches, 
and this has spurred the creation of assessment tools specific to endourologic operations. The 
literature in this space supports the transferability of skills from the laboratory to the OR.434 
 
Robotic surgery has been a heavily investigated field recently, as this modality has become the 
gold standard for many urologic surgeries.429,435 The Global Evaluative Assessment of Robotic 
Skills (GEARS) tool (Figure 7) remains the most widely useful across the simulation and OR 
settings.436 Evidence supporting both its ability to improve OR performance in the simulation 
laboratory428 as well as impact patient outcomes following prostatectomy,304 makes it 
particularly valuable for evaluating robotic technical performance in trainees and surgeons 
alike.  
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Figure 7. Global Evaluative Assessment of Robotic Skills (GEARS) Tool 

 
The GEARS tool adapted from Goh et al. 2012 436 
 
Microsurgical approaches are of value to the urologist performing surgery for infertility and 
other inguinoscrotal pathology. However, little evidence exists in the literature surrounding the 
evaluation of technical skills in this field. Grober and colleagues used an adaption of the OSATS 
in microsurgery to assess microsurgical skill in vasovasostomy and found that GRS scores were 
higher in a simulation-trained cohort, with improved anastomotic patency rates.437 
 
Limited evidence has been presented supporting the direct relationship between surgical skill 
and patient safety. However, new publications across the surgical literature have begun to 
elucidate the complex way that technical performance of the surgeon contributes to variation 
in patient outcomes.304,362,424,425 Studying this topic can be particularly challenging given its 
controversial nature, but as hospitals and surgeons begin to increase the transparency in which 
they deliver patient care, the barriers that prevent this type of research may be broken down. 
New approaches to surgical safety may improve the way trainees and surgeons learn new 
procedures. One such method adapted from other high-reliability industries is the previously 
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mentioned HFMEA, which breaks down a process to identify the elements that pose the 
greatest harm to patient safety. In urology, this has been adapted to create modular curricula 
that introduce surgeons in a stepwise fashion to a new procedure, thereby limiting patient 
harm.429 Other examples of this type of approach have been used outside of urology, notably in 
laparoscopic Nissen fundoplication.438 This structured, methodical approach could be beneficial 
in both training and proctoring of new procedures.  
 
Multiple educational intervention strategies have been described that may improve the 
technical performance of surgeons in training or independent practice. In the preoperative 
setting, undertaking a surgical “warm-up” has been shown to improve technical performance in 
the OR.439 This simple intervention employs simulation platforms that are easy to setup and 
use, such as VR440 and box-trainers.441 In the postoperative space, debriefing with a mentor is 
perhaps the most widely recognized method of improving performance for trainees, and more 
recently, practicing surgeons.442 The adoption of coaching models has enhanced the ability of 
educator and mentor to provide successful and impactful feedback, incorporating techniques 
that allow for a non-judgmental and non-paternalistic approach to performance 
improvement.443 Coaching can be done immediately following an operative case or simulation, 
but recent efforts include capturing video from the OR to facilitate in-depth analysis of 
performance.321 “Reviewing the game tape” allows surgeons to better study the underlying 
techniques and maneuvers that led to successful and unsuccessful operative steps or 
outcomes.429 Successful models of peer-coaching have been described in multiple contexts, 
including faculty-trainee444 and faculty-faculty teaching.315 In urology, the Michigan Urological 
Surgery Improvement Collaborative (MUSIC) group at the University of Michigan has begun to 
use peer-coaching as a method of improving and standardizing state-wide radical 
prostatectomy outcomes by inviting surgeons from around Michigan to participate in sessions 
using their own and colleagues’ operative video from robotic-assisted surgeries.445 
 
A final method of technical performance improvement utilizes novel approaches in simulation 
to immerse trainees and surgeons in an environment that closely replicates the OR to recreate 
rare and often life-threatening intraoperative scenarios.446 This type of intervention has been 
tested in urology, with preliminary evidence supporting the use of immersive simulation for 
training intraoperative crisis management, as well as TURP surgery.295,447 
 

Takeaway Points 

 Surgeon technical skill is predictive of clinical outcomes in urology and across multiple 
surgical specialties. 

 Coaching methods and simulation-based strategies can be used to improve the 
performance of surgeons in the operating room. 
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Conclusion 
 
This white paper summarizes a wide variety of intraoperative factors that have been linked 
(with varying degrees of evidence) either directly or indirectly to the surgical outcomes of 
patients. The paper addresses intraoperative strategies for prevention of SSIs, wrong site 
surgery, VTE, positioning injuries, surgical fires, and excessive radiation exposure. The 
optimization of intraoperative patient physiology is discussed as well as providing helpful tips 
for both surgeons and anesthesiologists. Potential pitfalls associated with live surgery and new 
technology adoption are also highlighted. The white paper describes the importance of 
organizational culture in promoting safety and presents various assessment and improvement 
tools used in both adverse event investigation and quality improvement projects. Finally, 
strategies for optimizing intraoperative behavior and performance in the OR are addressed 
ranging from conflict to ergonomics to technical performance. The white paper is intended to 
be used as a practical resource for both urologists and institutions to help guide tangible 
interventions designed to prevent surgical complications and improve patient outcomes.  
 
  



45 
 

References  
 
1. Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation of the global volume of surgery: 

a modelling strategy based on available data. Lancet 2008; 372: 139. 
2. Kable AK, Gibberd RW and Spigelman AD. Adverse events in surgical patients in Australia. Int J 

Qual Health Care 2002; 14: 269. 
3. Vincent C, Neale G and Woloshynowych M. Adverse events in British hospitals: preliminary 

retrospective record review. BMJ 2001; 322: 517. 
4. Implementation of the Surgical Safety Checklist. Implementation of the Surgical Safety Checklist.  

Geneva:  World Health Organization, 2008. 
5. de Vries EN, Hollmann MW, Smorenburg SM, et al. Development and validation of the SURgical 

PAtient Safety System (SURPASS) checklist. Qual Saf Health Care 2009; 18: 121. 
6. Haynes AB, Weiser TG, Berry WR, et al. A surgical safety checklist to reduce morbidity and 

mortality in a global population. N Engl J Med 2009; 360: 491. 
7. Borchard A, Schwappach DL, Barbir A, et al. A systematic review of the effectiveness, 

compliance, and critical factors for implementation of safety checklists in surgery. Ann Surg 
2012; 256: 925. 

8. Bergs J, Hellings J, Cleemput I, et al. Systematic review and meta-analysis of the effect of the 
World Health Organization surgical safety checklist on postoperative complications. Br J Surg 
2014; 101: 150. 

9. Gillespie BM, Chaboyer W, Thalib L, et al. Effect of using a safety checklist on patient 
complications after surgery: a systematic review and meta-analysis. Anesthesiology 2014; 120: 
1380. 

10. Semel ME, Resch S, Haynes AB, et al. Adopting a surgical safety checklist could save money and 
improve the quality of care in U.S. hospitals. Health Aff (Millwood) 2010; 29: 1593. 

11. Sewell M, Adebibe M, Jayakumar P, et al. Use of the WHO surgical safety checklist in trauma and 
orthopaedic patients. Int Orthop 2011; 35: 897. 

12. Kearns RJ, Uppal V, Bonner J, et al. The introduction of a surgical safety checklist in a tertiary 
referral obstetric centre. BMJ Qual Saf 2011; 20: 818. 

13. Yuan CT, Walsh D, Tomarken JL, et al. Incorporating the World Health Organization Surgical 
Safety Checklist into practice at two hospitals in Liberia. Jt Comm J Qual Patient Saf 2012; 38: 
254. 

14. Lingard L, Espin S, Whyte S, et al. Communication failures in the operating room: an 
observational classification of recurrent types and effects. Qual Saf Health Care 2004; 13: 330. 

15. Forsyth KL, Hildebrand EA, Hallbeck MS, et al. Characteristics of team briefings in gynecological 
surgery. Applied ergonomics 2018;  

16. Jain AL, Jones KC, Simon J, et al. The impact of a daily pre-operative surgical huddle on 
interruptions, delays, and surgeon satisfaction in an orthopedic operating room: a prospective 
study. Patient Saf Surg 2015; 9: 8. 

17. Anderson DJ, Podgorny K, Berrios-Torres SI, et al. Strategies to prevent surgical site infections in 
acute care hospitals: 2014 update. Infect Control Hosp Epidemiol 2014; 35 Suppl 2: S66. 

18. Magill SS, Edwards JR, Bamberg W, et al. Multistate point-prevalence survey of health care-
associated infections. N Engl J Med 2014; 370: 1198. 

19. Liu Z, Dumville JC, Norman G, et al. Intraoperative interventions for preventing surgical site 
infection: an overview of Cochrane Reviews. The Cochrane Library 2018;  

20. Ban KA, Minei JP, Laronga C, et al. American College of Surgeons and Surgical Infection Society: 
Surgical Site Infection Guidelines, 2016 Update. J Am Coll Surg 2017; 224: 59. 



46 
 

21. Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial 
prophylaxis in surgery. Am J Health Syst Pharm 2013; 70: 195. 

22. Wolf JS, Jr., Bennett CJ, Dmochowski RR, et al. Best practice policy statement on urologic surgery 
antimicrobial prophylaxis. J Urol 2008; 179: 1379. 

23. Rosenberger LH, Politano AD and Sawyer RG. The surgical care improvement project and 
prevention of post-operative infection, including surgical site infection. Surg Infect (Larchmt) 
2011; 12: 163. 

24. Chew BH, Flannigan R, Kurtz M, et al. A Single Dose of Intraoperative Antibiotics Is Sufficient to 
Prevent Urinary Tract Infection During Ureteroscopy. J Endourol 2016; 30: 63. 

25. Vorobeichik L, Weber EA and Tarshis J. Misconceptions surrounding penicillin allergy: 
implications for anesthesiologists. Anesthesia & Analgesia 2018; 127: 642. 

26. US Food and Drug Administration. FDA Drug Safety Communication: FDA updates warnings for 
oral and injectable fluoroquinolone antibiotics due to disabling side effects. March 8, 2018. US 
Food and Drug Administration website. 
https://www.fda.gov/Drugs/DrugSafety/ucm511530.htm. March 12, 2018. 

27. Mrkobrada M, Ying I, Mokrycke S, et al. CUA Guidelines on antibiotic prophylaxis for urologic 
procedures. Can Urol Assoc J 2015; 9: 13. 

28. Naber KG, Bergman B, Bishop MC, et al. EAU guidelines for the management of urinary and male 
genital tract infections. Urinary Tract Infection (UTI) Working Group of the Health Care Office 
(HCO) of the European Association of Urology (EAU). Eur Urol 2001; 40: 576. 

29. Bonkat G, Pickard R, Bartoletti R, et al. Urological Infections. 2017. European Association of 
Urology website. https://uroweb.org/guideline/urological-infections/#3_15. March 12, 2018. 

30. Wollin DA, Joyce AD, Gupta M, et al. Antibiotic use and the prevention and management of 
infectious complications in stone disease. World J Urol 2017; 35: 1369. 

31. Assimos D, Miller N, Monga M et al. Surgical Management of Stones: Amerian Urological 
Association Endourological Society Guideline. 2016. American Urological Association website. 
http://www.auanet.org/guidelines/surgical-management-of-stones-(aua/endourological-
society-guideline-2016). February 23, 2018. 

32. Eswara JR, Shariftabrizi A and Sacco D. Positive stone culture is associated with a higher rate of 
sepsis after endourological procedures. Urolithiasis 2013; 41: 411. 

33. Korets R, Graversen JA, Kates M, et al. Post-percutaneous nephrolithotomy systemic 
inflammatory response: a prospective analysis of preoperative urine, renal pelvic urine and 
stone cultures. J Urol 2011; 186: 1899. 

34. Marien T, Mass AY and Shah O. Antimicrobial resistance patterns in cases of obstructive 
pyelonephritis secondary to stones. Urology 2015; 85: 64. 

35. Roushani A, Falahatkar S, Sharifi SHH, et al. Intra-operative stone culture as an independent 
predictor of systemic inflammatory response syndrome after percutaneous nephrolithotomy. 
Urolithiasis 2014; 42: 455. 

36. Walton-Diaz A, Vinay JI, Barahona J, et al. Concordance of renal stone culture: PMUC, RPUC, RSC 
and post-PCNL sepsis—a non-randomized prospective observation cohort study. International 
urology and nephrology 2017; 49: 31. 

37. McDonald ML and Buckley J. Antimicrobial Practice Patterns for Urethroplasty: Opportunity for 
Improved Stewardship. Urology 2016; 94: 237. 

38. Cek M, Tandogdu Z, Naber K, et al. Antibiotic prophylaxis in urology departments, 2005-2010. 
Eur Urol 2013; 63: 386. 

39. Krasnow RE, Mossanen M, Koo S, et al. Prophylactic Antibiotics and Postoperative Complications 
of Radical Cystectomy: A Population Based Analysis in the United States. J Urol 2017; 198: 297. 

https://www.fda.gov/Drugs/DrugSafety/ucm511530.htm
https://uroweb.org/guideline/urological-infections/#3_15
http://www.auanet.org/guidelines/surgical-management-of-stones-(aua/endourological-society-guideline-2016
http://www.auanet.org/guidelines/surgical-management-of-stones-(aua/endourological-society-guideline-2016


47 
 

40. Mossanen M, Calvert J, Holt S, et al. Perioperative Antibiotic Prophylaxis in Urologic Surgery: 
Assessment of Compliance with the AUA Best Practice Guidelines. J Urol 2014; 198: 297. 

41. Deuster S, Roten I and Muehlebach S. Implementation of treatment guidelines to support 
judicious use of antibiotic therapy. J Clin Pharm Ther 2010; 35: 71. 

42. Cai T, Verze P, Brugnolli A, et al. Adherence to European Association of Urology Guidelines on 
Prophylactic Antibiotics: An Important Step in Antimicrobial Stewardship. Eur Urol 2016; 69: 
276. 

43. Tanner J, Norrie P and Melen K. Preoperative hair removal to reduce surgical site infection. 
Cochrane Database Syst Rev 2011; CD004122. 

44. National Collaborating Centre for Women's and Children's Health. Surgical site infection: 
prevention and treatment of surgical site infection.  United Kingdom:  RCOG Press, 2008. 

45. Cowperthwaite L and Holm RL. Guideline implementation: preoperative patient skin antisepsis. 
AORN J 2015; 101: 71. 

46. Mangram AJ, Horan TC, Pearson ML, et al. Guideline for Prevention of Surgical Site Infection, 
1999. Centers for Disease Control and Prevention (CDC) Hospital Infection Control Practices 
Advisory Committee. Am J Infect Control 1999; 27: 97. 

47. Grober ED, Domes T, Fanipour M, et al. Preoperative hair removal on the male genitalia: clippers 
vs. razors. The journal of sexual medicine 2013; 10: 589. 

48. Berrios-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Disease Control and Prevention 
Guideline for the Prevention of Surgical Site Infection, 2017. JAMA Surg 2017; 152: 784. 

49. Paulson DS. Efficacy evaluation of a 4% chlorhexidine gluconate as a full-body shower wash. Am 
J Infect Control 1993; 21: 205. 

50. Webster J and Osborne S. Preoperative bathing or showering with skin antiseptics to prevent 
surgical site infection. Cochrane Database Syst Rev 2015; CD004985. 

51. Schweizer ML, Chiang HY, Septimus E, et al. Association of a bundled intervention with surgical 
site infections among patients undergoing cardiac, hip, or knee surgery. JAMA 2015; 313: 2162. 

52. US Food and Drug Administration. Rulemaking History for OTC Topical Antimicrobial Drug 
Products. December 19, 2017. US Food and Drug Administratin website. 
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/Over-the-
CounterOTCDrugs/StatusofOTCRulemakings/ucm070821.htm#Healthcare_Antiseptic. June 21, 
2018. 

53. Darouiche RO, Wall MJ, Jr., Itani KM, et al. Chlorhexidine-Alcohol versus Povidone-Iodine for 
Surgical-Site Antisepsis. N Engl J Med 2010; 362: 18. 

54. Hemani ML and Lepor H. Skin preparation for the prevention of surgical site infection: which 
agent is best? Rev Urol 2009; 11: 190. 

55. Sidhwa F and Itani KM. Skin preparation before surgery: options and evidence. Surg Infect 
(Larchmt) 2015; 16: 14. 

56. Echols K, Graves M, LeBlanc KG, et al. Role of antiseptics in the prevention of surgical site 
infections. Dermatol Surg 2015; 41: 667. 

57. 3M™. 3M™ DuraPrep™ Surgical Solution Drug Facts. February 2010. 3M™ website. 
https://multimedia.3m.com/mws/media/687812O/duraprep-surgical-solution-drug-facts.pdf. 
June 21, 2018. 

58. CareFusion Corporation. ChloraPrep 10.5 mL applicator. 2014. CareFusion Corporation website. 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved
=0ahUKEwiO-
qafjuXbAhVIwlkKHfNxBdsQFggrMAA&url=https%3A%2F%2Fwww.bd.com%2FDocuments%2Fin-
service-materials%2FIP_ChloraPrep-10-5mL-
Poster_IM_EN.pdf&usg=AOvVaw1FS7xSBy8F10o6mwrnz89q. June 21, 2018. 

https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/Over-the-CounterOTCDrugs/StatusofOTCRulemakings/ucm070821.htm#Healthcare_Antiseptic
https://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/Over-the-CounterOTCDrugs/StatusofOTCRulemakings/ucm070821.htm#Healthcare_Antiseptic
https://multimedia.3m.com/mws/media/687812O/duraprep-surgical-solution-drug-facts.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiO-qafjuXbAhVIwlkKHfNxBdsQFggrMAA&url=https%3A%2F%2Fwww.bd.com%2FDocuments%2Fin-service-materials%2FIP_ChloraPrep-10-5mL-Poster_IM_EN.pdf&usg=AOvVaw1FS7xSBy8F10o6mwrnz89q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiO-qafjuXbAhVIwlkKHfNxBdsQFggrMAA&url=https%3A%2F%2Fwww.bd.com%2FDocuments%2Fin-service-materials%2FIP_ChloraPrep-10-5mL-Poster_IM_EN.pdf&usg=AOvVaw1FS7xSBy8F10o6mwrnz89q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiO-qafjuXbAhVIwlkKHfNxBdsQFggrMAA&url=https%3A%2F%2Fwww.bd.com%2FDocuments%2Fin-service-materials%2FIP_ChloraPrep-10-5mL-Poster_IM_EN.pdf&usg=AOvVaw1FS7xSBy8F10o6mwrnz89q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiO-qafjuXbAhVIwlkKHfNxBdsQFggrMAA&url=https%3A%2F%2Fwww.bd.com%2FDocuments%2Fin-service-materials%2FIP_ChloraPrep-10-5mL-Poster_IM_EN.pdf&usg=AOvVaw1FS7xSBy8F10o6mwrnz89q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiO-qafjuXbAhVIwlkKHfNxBdsQFggrMAA&url=https%3A%2F%2Fwww.bd.com%2FDocuments%2Fin-service-materials%2FIP_ChloraPrep-10-5mL-Poster_IM_EN.pdf&usg=AOvVaw1FS7xSBy8F10o6mwrnz89q


48 
 

59. Yeung LL, Grewal S, Bullock A, et al. A comparison of chlorhexidine-alcohol versus povidone-
iodine for eliminating skin flora before genitourinary prosthetic surgery: a randomized 
controlled trial. J Urol 2013; 189: 136. 

60. Darouiche RO, Bella AJ, Boone TB, et al. North American consensus document on infection of 
penile prostheses. Urology 2013; 82: 937. 

61. Levine LA, Becher E, Bella A, et al. Penile Prosthesis Surgery: Current Recommendations From 
the International Consultation on Sexual Medicine. J Sex Med 2016; 13: 489. 

62. Tanner J, Dumville J, Norman G, et al. Surgical hand antisepsis to reduce surgical site infection. 
Cochrane Database Syst Rev 2016; 1: CD004288. 

63. Gheorghe A, Calvert M, Pinkney TD, et al. Systematic review of the clinical effectiveness of 
wound-edge protection devices in reducing surgical site infection in patients undergoing open 
abdominal surgery. Ann Surg 2012; 255: 1017. 

64. Webster J and Alghamdi A. Use of plastic adhesive drapes during surgery for preventing surgical 
site infection. Cochrane Database Syst Rev 2015; CD006353. 

65. Guo J, Pan LH, Li YX, et al. Efficacy of triclosan-coated sutures for reducing risk of surgical site 
infection in adults: a meta-analysis of randomized clinical trials. J Surg Res 2016; 201: 105. 

66. Vij SC, Kartha G, Krishnamurthi V, et al. Simple Operating Room Bundle Reduces Superficial 
Surgical Site Infections After Major Urologic Surgery. Urology 2018; 112: 66. 

67. Cima R, Dankbar E, Lovely J, et al. Colorectal surgery surgical site infection reduction program: a 
national surgical quality improvement program--driven multidisciplinary single-institution 
experience. J Am Coll Surg 2013; 216: 23. 

68. Tanner J and Parkinson H. Double gloving to reduce surgical cross-infection. Cochrane Database 
Syst Rev 2006; CD003087. 

69. Quarterly Update on Preventing Wrong-Site Surgery. September 2012. Pennsylvania Patient 
Safety Advisory website. http://patientsafety.pa.gov/ADVISORIES/documents/201209_111.pdf. 
June 21, 2018. 

70. Devine J, Chutkan N, Norvell DC, et al. Avoiding wrong site surgery: a systematic review. Spine 
2010; 35: S28. 

71. The Joint Commission. Universal Protocol. 2018. The Joint Commission website. 
https://www.jointcommission.org/standards_information/up.aspx. June 21, 2018. 

72. The High 5s Project, Interim Report. 2013. World Health Organization website. 
www.who.int/patientsafety/implementation/solutions/high5s/High5_InterimReport.pdf. June 
21, 2018. 

73. Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in nonorthopedic surgical patients: 
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012; 141: e227S. 

74. Forrest JB, Clemens JQ, Finamore P, et al. AUA Best Practice Statement for the prevention of 
deep vein thrombosis in patients undergoing urologic surgery. J Urol 2009; 181: 1170. 

75. Spruce L. Back to Basics: Preventing Perioperative Pressure Injuries. AORN J 2017; 105: 92. 
76. Hortman C and Chung S. Positioning Considerations in Robotic Surgery. AORN J 2015; 102: 434. 
77. Sagalovich D, Besa C, Tran TY, et al. Prone Percutaneous Nephrolithotomy: Does Bolster 

Orientation Matter? Urology 2017; 108: 46. 
78. Association of Perioperative Registered N. Recommended practices for positioning the patient in 

the perioperative practice setting. AORN J 2001; 73: 231. 
79. Nilsson UG. Intraoperative positioning of patients under general anesthesia and the risk of 

postoperative pain and pressure ulcers. J Perianesth Nurs 2013; 28: 137. 
80. Sutton S, Link T and Makic MB. A quality improvement project for safe and effective patient 

positioning during robot-assisted surgery. AORN J 2013; 97: 448. 

http://patientsafety.pa.gov/ADVISORIES/documents/201209_111.pdf
https://www.jointcommission.org/standards_information/up.aspx
file://///palladium/groups/Marketing/Quality/White_Papers_2018/INTRA-operative/www.who.int/patientsafety/implementation/solutions/high5s/High5_InterimReport.pdf


49 
 

81. Deane LA, Lee HJ, Box GN, et al. Third place: Flank position is associated with higher skin-to-
surface interface pressures in men versus women: implications for laparoscopic renal surgery 
and the risk of rhabdomyolysis. J Endourol 2008; 22: 1147. 

82. Akhavan A, Gainsburg DM and Stock JA. Complications associated with patient positioning in 
urologic surgery. Urology 2010; 76: 1309. 

83. Dolowy L, Krajewski W, Dembowski J, et al. The role of lasers in modern urology. Cent European 
J Urol 2015; 68: 175. 

84. Zarrabi A and Gross AJ. The evolution of lasers in urology. Ther Adv Urol 2011; 3: 81. 
85. American National Standards Institute Laser Institute of America. American national standard 

for safe use of lasers in health care Z1363.3-2011.  Orlando, Florida:  Laser Institute of America, 
2011. 

86. Association of periOperative Registered Nurses. Guideline for safe use of energy-generating 
devices. 2018. Association of periOperative Registered Nurses website. 
http://www.aornstandards.org/content/1/SEC7.short?related-
urls=yes&legid=psrp%3B1/1/psrp_1_ii-energy. March 16, 2018. 

87. Mendez-Probst CE, Vilos G, Fuller A, et al. Stray electrical currents in laparoscopic instruments 
used in da Vinci(R) robot-assisted surgery: an in vitro study. J Endourol 2011; 25: 1513. 

88. Choi SH, Kwon TG, Chung SK, et al. Surgical smoke may be a biohazard to surgeons performing 
laparoscopic surgery. Surg Endosc 2014; 28: 2374. 

89. Alp E, Bijl D, Bleichrodt RP, et al. Surgical smoke and infection control. J Hosp Infect 2006; 62: 1. 
90. Mowbray N, Ansell J, Warren N, et al. Is surgical smoke harmful to theater staff? a systematic 

review. Surg Endosc 2013; 27: 3100. 
91. Edwards BE and Reiman RE. Comparison of current and past surgical smoke control practices. 

AORN J 2012; 95: 337. 
92. Edwards BE and Reiman RE. Results of a survey on current surgical smoke control practices. 

AORN J 2008; 87: 739. 
93. Mehta SP, Bhananker SM, Posner KL, et al. Operating room fires: a closed claims analysis. 

Anesthesiology 2013; 118: 1133. 
94. Di Pierro GB, Besmer I, Hefermehl LJ, et al. Intra-abdominal fire due to insufflating oxygen 

instead of carbon dioxide during robot-assisted radical prostatectomy: case report and literature 
review. Eur Urol 2010; 58: 626. 

95. Boscarelli A, Frediani S, Ceccanti S, et al. Fire in the Operating Room During Hypospadias Repair. 
Urol Case Rep 2017; 15: 23. 

96. Fire Safety Toolkit. 2018. Association of periOperative Registered Nurses website. 
https://www.aorn.org/guidelines/clinical-resources/tool-kits/non-member-tool-kits/fire-safety-
tool-kit-nonmembers. June 21, 2018. 

97. Fundamental Use of Surgical Energy. Fundamental Use of Surgical Energyc website. 
https://www.fuseprogram.org/. September 1, 2018. 

98. Food and Drug Administration. Recommendations to Reduce Surgical Fires and Related Patient 
Injury: FDA Safety Communication. 2018. Food and Drug Administration website. 
https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm608637.htm. September 1, 
2018. 

99. Brenner DJ and Hall EJ. Computed tomography--an increasing source of radiation exposure. N 
Engl J Med 2007; 357: 2277. 

100. Yecies T, Averch TD and Semins MJ. Identifying and managing the risks of medical ionizing 
radiation in endourology. Can J Urol 2018; 25: 9154. 

101. Scales CD, Jr., Smith AC, Hanley JM, et al. Prevalence of kidney stones in the United States. Eur 
Urol 2012; 62: 160. 

http://www.aornstandards.org/content/1/SEC7.short?related-urls=yes&legid=psrp%3B1/1/psrp_1_ii-energy
http://www.aornstandards.org/content/1/SEC7.short?related-urls=yes&legid=psrp%3B1/1/psrp_1_ii-energy
https://www.aorn.org/guidelines/clinical-resources/tool-kits/non-member-tool-kits/fire-safety-tool-kit-nonmembers
https://www.aorn.org/guidelines/clinical-resources/tool-kits/non-member-tool-kits/fire-safety-tool-kit-nonmembers
https://www.fuseprogram.org/
https://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm608637.htm


50 
 

102. Ferrandino MN, Bagrodia A, Pierre SA, et al. Radiation exposure in the acute and short-term 
management of urolithiasis at 2 academic centers. J Urol 2009; 181: 668. 

103. Fahmy NM, Elkoushy MA and Andonian S. Effective radiation exposure in evaluation and follow-
up of patients with urolithiasis. Urology 2012; 79: 43. 

104. Mancini JG, Raymundo EM, Lipkin M, et al. Factors affecting patient radiation exposure during 
percutaneous nephrolithotomy. J Urol 2010; 184: 2373. 

105. Lipkin ME, Wang AJ, Toncheva G, et al. Determination of patient radiation dose during 
ureteroscopic treatment of urolithiasis using a validated model. J Urol 2012; 187: 920. 

106. Sandilos P, Tsalafoutas I, Koutsokalis G, et al. Radiation doses to patients from extracorporeal 
shock wave lithotripsy. Health Phys 2006; 90: 583. 

107. Stewart FA, Akleyev AV, Hauer-Jensen M, et al. ICRP publication 118: ICRP statement on tissue 
reactions and early and late effects of radiation in normal tissues and organs--threshold doses 
for tissue reactions in a radiation protection context. Ann ICRP 2012; 41: 1. 

108. Mettler FA, Jr., Koenig TR, Wagner LK, et al. Radiation injuries after fluoroscopic procedures. 
Semin Ultrasound CT MR 2002; 23: 428. 

109. Pierce DA and Preston DL. Radiation-related cancer risks at low doses among atomic bomb 
survivors. Radiat Res 2000; 154: 178. 

110. Preston DL, Ron E, Tokuoka S, et al. Solid cancer incidence in atomic bomb survivors: 1958-1998. 
Radiat Res 2007; 168: 1. 

111. Cardis E, Vrijheid M, Blettner M, et al. The 15-Country Collaborative Study of Cancer Risk among 
Radiation Workers in the Nuclear Industry: estimates of radiation-related cancer risks. Radiat 
Res 2007; 167: 396. 

112. Tubiana M, Feinendegen LE, Yang C, et al. The linear no-threshold relationship is inconsistent 
with radiation biologic and experimental data. Radiology 2009; 251: 13. 

113. Berrington de Gonzalez A, Mahesh M, Kim KP, et al. Projected cancer risks from computed 
tomographic scans performed in the United States in 2007. Arch Intern Med 2009; 169: 2071. 

114. Chaffins JA. Radiation protection and procedures in the OR. Radiol Technol 2008; 79: 415. 
115. Canales BK, Sinclair L, Kang D, et al. Changing Default Fluoroscopy Equipment Settings Decreases 

Entrance Skin Dose in Patients. J Urol 2016; 195: 992. 
116. Elkoushy MA, Shahrour W and Andonian S. Pulsed fluoroscopy in ureteroscopy and 

percutaneous nephrolithotomy. Urology 2012; 79: 1230. 
117. Yecies TS, Fombona A and Semins MJ. Single Pulse-per-second Setting Reduces Fluoroscopy 

Time During Ureteroscopy. Urology 2017; 103: 63. 
118. Galonnier F, Traxer O, Rosec M, et al. Surgical Staff Radiation Protection During Fluoroscopy-

Guided Urologic Interventions. J Endourol 2016; 30: 638. 
119. Durutovic O, Dzamic Z, Milojevic B, et al. Pulsed versus continuous mode fluoroscopy during 

PCNL: safety and effectiveness comparison in a case series study. Urolithiasis 2016; 44: 565. 
120. Boland GW, Murphy B, Arellano R, et al. Dose reduction in gastrointestinal and genitourinary 

fluoroscopy: use of grid-controlled pulsed fluoroscopy. AJR Am J Roentgenol 2000; 175: 1453. 
121. Chen TT, Wang C, Ferrandino MN, et al. Radiation Exposure during the Evaluation and 

Management of Nephrolithiasis. J Urol 2015; 194: 878. 
122. Blair B, Huang G, Arnold D, et al. Reduced fluoroscopy protocol for percutaneous 

nephrostolithotomy: feasibility, outcomes and effects on fluoroscopy time. J Urol 2013; 190: 
2112. 

123. Goren MR, Goren V and Ozer C. Ultrasound-Guided Shockwave Lithotripsy Reduces Radiation 
Exposure and Has Better Outcomes for Pediatric Cystine Stones. Urol Int 2017; 98: 429. 

124. Deters LA, Dagrosa LM, Herrick BW, et al. Ultrasound guided ureteroscopy for the definitive 
management of ureteral stones: a randomized, controlled trial. J Urol 2014; 192: 1710. 



51 
 

125. Singh V, Purkait B and Sinha RJ. Prospective randomized comparison between fluoroscopy-
guided ureteroscopy versus ureteroscopy with real-time ultrasonography for the management 
of ureteral stones. Urol Ann 2016; 8: 418. 

126. Karlin G, Marino C, Badlani G, et al. Benefits of an ultrasound-guided ESWL unit. Arch Esp Urol 
1990; 43: 579. 

127. Usawachintachit M, Masic S, Chang HC, et al. Ultrasound Guidance to Assist Percutaneous 
Nephrolithotomy Reduces Radiation Exposure in Obese Patients. Urology 2016; 98: 32. 

128. Chi T, Masic S, Li J, et al. Ultrasound Guidance for Renal Tract Access and Dilation Reduces 
Radiation Exposure during Percutaneous Nephrolithotomy. Adv Urol 2016; 2016: 3840697. 

129. Alsyouf M, Arenas JL, Smith JC, et al. Direct Endoscopic Visualization Combined with Ultrasound 
Guided Access during Percutaneous Nephrolithotomy: A Feasibility Study and Comparison to a 
Conventional Cohort. J Urol 2016; 196: 227. 

130. Lantz AG, O'Malley P, Ordon M, et al. Assessing radiation exposure during endoscopic-guided 
percutaneous nephrolithotomy. Can Urol Assoc J 2014; 8: 347. 

131. Isac W, Rizkala E, Liu X, et al. Endoscopic-guided versus fluoroscopic-guided renal access for 
percutaneous nephrolithotomy: a comparative analysis. Urology 2013; 81: 251. 

132. Lipkin ME, Mancini JG, Zilberman DE, et al. Reduced radiation exposure with the use of an air 
retrograde pyelogram during fluoroscopic access for percutaneous nephrolithotomy. J Endourol 
2011; 25: 563. 

133. Hsi RS and Harper JD. Fluoroless ureteroscopy: zero-dose fluoroscopy during ureteroscopic 
treatment of urinary-tract calculi. J Endourol 2013; 27: 432. 

134. Olgin G, Smith D, Alsyouf M, et al. Ureteroscopy Without Fluoroscopy: A Feasibility Study and 
Comparison with Conventional Ureteroscopy. J Endourol 2015; 29: 625. 

135. Peng Y, Xu B, Zhang W, et al. Retrograde intrarenal surgery for the treatment of renal stones: is 
fluoroscopy-free technique achievable? Urolithiasis 2015; 43: 265. 

136. Hein S, Schoenthaler M, Wilhelm K, et al. Ultralow Radiation Exposure During Flexible 
Ureteroscopy in Patients With Nephrolithiasis-How Far Can We Go? Urology 2017; 108: 34. 

137. Cimen HI, Halis F, Saglam HS, et al. Flouroscopy-free technique is safe and feasible in retrograde 
intrarenal surgery for renal stones. Turk J Urol 2017; 43: 309. 

138. Cabrera FJ, Shin RH, Waisanen KM, et al. Comparison of Radiation Exposure from Fixed Table 
Fluoroscopy to a Portable C-Arm During Ureteroscopy. J Endourol 2017; 31: 835. 

139. Committee on Obstetric P. Committee Opinion No. 723: Guidelines for Diagnostic Imaging 
During Pregnancy and Lactation. Obstet Gynecol 2017; 130: e210. 

140. Deters LA, Belanger G, Shah O, et al. Ultrasound guided ureteroscopy in pregnancy. Clin Nephrol 
2013; 79: 118. 

141. Mulvihill DJ, Jhawar S, Kostis JB, et al. Diagnostic Medical Imaging in Pediatric Patients and 
Subsequent Cancer Risk. Acad Radiol 2017; 24: 1456. 

142. Dudley AG, Dwyer ME, Fox JA, et al. Prospective Assessment of Radiation in Pediatric Urology: 
The Pediatric Urology Radiation Safety Evaluation Study. J Urol 2016; 196: 202. 

143. Hernanz-Schulman M, Goske MJ, Bercha IH, et al. Pause and pulse: ten steps that help manage 
radiation dose during pediatric fluoroscopy. AJR Am J Roentgenol 2011; 197: 475. 

144. Wenzler DL, Abbott JE, Su JJ, et al. Predictors of radiation exposure to providers during 
percutaneous nephrolithotomy. Urol Ann 2017; 9: 55. 

145. Dudley AG and Semins MJ. Radiation Practice Patterns and Exposure in the High-volume 
Endourologist. Urology 2015; 85: 1019. 

146. Kumari G, Kumar P, Wadhwa P, et al. Radiation exposure to the patient and operating room 
personnel during percutaneous nephrolithotomy. Int Urol Nephrol 2006; 38: 207. 



52 
 

147. Patel R, Dubin J, Olweny EO, et al. Use of Fluoroscopy and Potential Long-Term Radiation Effects 
on Cataract Formation. J Endourol 2017; 31: 825. 

148. Rajaraman P, Doody MM, Yu CL, et al. Cancer Risks in U.S. Radiologic Technologists Working 
With Fluoroscopically Guided Interventional Procedures, 1994-2008. AJR Am J Roentgenol 2016; 
206: 1101. 

149. Roguin A, Goldstein J, Bar O, et al. Brain and neck tumors among physicians performing 
interventional procedures. Am J Cardiol 2013; 111: 1368. 

150. Jacob S, Boveda S, Bar O, et al. Interventional cardiologists and risk of radiation-induced 
cataract: results of a French multicenter observational study. Int J Cardiol 2013; 167: 1843. 

151. Taylor ER, Kramer B, Frye TP, et al. Ocular radiation exposure in modern urological practice. J 
Urol 2013; 190: 139. 

152. Rehani MM, Ciraj-Bjelac O, Vano E, et al. ICRP Publication 117. Radiological protection in 
fluoroscopically guided procedures performed outside the imaging department. Ann ICRP 2010; 
40: 1. 

153. Friedman AA, Ghani KR, Peabody JO, et al. Radiation safety knowledge and practices among 
urology residents and fellows: results of a nationwide survey. J Surg Educ 2013; 70: 224. 

154. Inoue T, Komemushi A, Murota T, et al. Effect of Protective Lead Curtains on Scattered Radiation 
Exposure to the Operator During Ureteroscopy for Stone Disease: A Controlled Trial. Urology 
2017; 109: 60. 

155. Horsburgh BA and Higgins M. A Study of Occupational Radiation Dosimetry During 
Fluoroscopically Guided Simulated Urological Surgery in the Lithotomy Position. J Endourol 
2016; 30: 1312. 

156. Ngo TC, Macleod LC, Rosenstein DI, et al. Tracking intraoperative fluoroscopy utilization reduces 
radiation exposure during ureteroscopy. Journal of endourology 2011; 25: 763. 

157. Ghodadra A and Bartoletti S. Reducing Radiation Dose in Pediatric Diagnostic Fluoroscopy. J Am 
Coll Radiol 2016; 13: 55. 

158. Weld LR, Nwoye UO, Knight RB, et al. Safety, minimization, and awareness radiation training 
reduces fluoroscopy time during unilateral ureteroscopy. Urology 2014; 84: 520. 

159. Sheyn DD, Racadio JM, Ying J, et al. Efficacy of a radiation safety education initiative in reducing 
radiation exposure in the pediatric IR suite. Pediatr Radiol 2008; 38: 669. 

160. Kokorowski PJ, Chow JS, Strauss KJ, et al. Prospective systematic intervention to reduce patient 
exposure to radiation during pediatric ureteroscopy. J Urol 2013; 190: 1474. 

161. American College of Radiology. American College of Radiology/American Association of 
Physicists in Medicine Technical Standard for Management of the Use of Radiation in 
Fluoroscopic Procedures. 2013. American College of Radiology website. 
https://www.acr.org/Clinical-Resources/Radiology-Safety/Radiation-Safety. March 19, 2018. 

162. Millat B, Fingerhut A and Cuschieri A. Live surgery and video presentations: seeing is believing ... 
but no more: a plea for structured rigor and ethical considerations. Surg Endosc 2006; 20: 845. 

163. Duty B, Okhunov Z, Friedlander J, et al. Live surgical demonstrations: an old, but increasingly 
controversial practice. Urology 2012; 79: 1185 e7. 

164. Brunckhorst O, Challacombe B, Abboudi H, et al. Systematic review of live surgical 
demonstrations and their effectiveness on training. Br J Surg 2014; 101: 1637. 

165. Ogaya-Pinies G, Abdul-Muhsin H, Palayapalayam-Ganapathi H, et al. Safety of Live Robotic 
Surgery: Results from a Single Institution. Eur Urol Focus 2017;  

166. Legemate JD, Zanetti SP, Baard J, et al. Outcome from 5-year live surgical demonstrations in 
urinary stone treatment: are outcomes compromised? World J Urol 2017; 35: 1745. 

167. Rocco B, Grasso AAC, De Lorenzis E, et al. Live surgery: highly educational or harmful? World J 
Urol 2018; 36: 171. 

https://www.acr.org/Clinical-Resources/Radiology-Safety/Radiation-Safety


53 
 

168. Schmit A, Lazaraki G, Hittelet A, et al. Complications of endoscopic retrograde 
cholangiopancreatography during live endoscopy workshop demonstrations. Endoscopy 2005; 
37: 695. 

169. Chatelain P, Meier B, de la Serna F, et al. Success with coronary angioplasty as seen at 
demonstrations of procedure. Lancet 1992; 340: 1202. 

170. Smith A. Urological live surgery - an anathema. BJU Int 2012; 110: 299. 
171. Cumpanas AA, Ferician OC, Latcu SC, et al. Ethical, legal and clinical aspects of live surgery in 

urology - contemporary issues and a glimpse of the future. Wideochir Inne Tech Maloinwazyjne 
2017; 12: 1. 

172. Williams JB, Mathews R and D'Amico TA. "Reality surgery"--a research ethics perspective on the 
live broadcast of surgical procedures. J Surg Educ 2011; 68: 58. 

173. Elsamra SE, Fakhoury M, Motato H, et al. The surgical spectacle: a survey of urologists viewing 
live case demonstrations. BJU Int 2014; 113: 674. 

174. Khan SA, Chang RT, Ahmed K, et al. Live surgical education: a perspective from the surgeons who 
perform it. BJU Int 2014; 114: 151. 

175. Artibani W, Ficarra V, Challacombe BJ, et al. EAU policy on live surgery events. Eur Urol 2014; 66: 
87. 

176. Ogden N. FDA regulation of technology and surgical devices in the operating room. Semin 
Laparosc Surg 2003; 10: 115. 

177. Wall LL and Brown D. The perils of commercially driven surgical innovation. Am J Obstet Gynecol 
2010; 202: 30 e1. 

178. Kobashi KC, Dmochowski R, Mee SL, et al. Erosion of woven polyester pubovaginal sling. J Urol 
1999; 162: 2070. 

179. Eisenberg JM and Zarin D. Health technology assessment in the United States. Past, present, and 
future. Int J Technol Assess Health Care 2002; 18: 192. 

180. Luce B and Cohen RS. Health technology assessment in the United States. Int J Technol Assess 
Health Care 2009; 25 Suppl 1: 33. 

181. Gurgacz SL, Smith JA, Truskett PG, et al. Credentialing of surgeons: a systematic review across a 
number of jurisdictions. ANZ J Surg 2012; 82: 492. 

182. Pradarelli JC, Campbell DA, Jr. and Dimick JB. Hospital credentialing and privileging of surgeons: 
a potential safety blind spot. JAMA 2015; 313: 1313. 

183. Freed GL, Dunham KM and Singer D. Use of board certification and recertification in hospital 
privileging: policies for general surgeons, surgical specialists, and nonsurgical subspecialists. 
Arch Surg 2009; 144: 746. 

184. Bass BL, Polk HC, Jones RS, et al. Surgical privileging and credentialing: a report of a discussion 
and study group of the American Surgical Association. J Am Coll Surg 2009; 209: 396. 

185. Robotic Surgery (Urologic) Standard Operating Procedure (SOP).  
186. Zorn KC, Gautam G, Shalhav AL, et al. Training, credentialing, proctoring and medicolegal risks of 

robotic urological surgery: recommendations of the society of urologic robotic surgeons. J Urol 
2009; 182: 1126. 

187. Stefanidis D, Fanelli RD, Price R, et al. SAGES guidelines for the introduction of new technology 
and techniques. Surg Endosc 2014; 28: 2257. 

188. Santomauro M, Reina GA, Stroup SP, et al. Telementoring in robotic surgery. Curr Opin Urol 
2013; 23: 141. 

189. Hung AJ, Chen J, Shah A, et al. Telementoring and Telesurgery for Minimally Invasive 
Procedures. J Urol 2018; 199: 355. 



54 
 

190. Reagan KML, O'Sullivan DM, Gannon R, et al. Decreasing postoperative narcotics in 
reconstructive pelvic surgery: a randomized controlled trial. Am J Obstet Gynecol 2017; 217: 325 
e1. 

191. Hayhurst CJ and Durieux ME. Differential Opioid Tolerance and Opioid-induced HyperalgesiaA 
Clinical Reality. Anesthesiology: The Journal of the American Society of Anesthesiologists 2016; 
124: 483. 

192. Elia N, Lysakowski C and Tramer MR. Does multimodal analgesia with acetaminophen, 
nonsteroidal antiinflammatory drugs, or selective cyclooxygenase-2 inhibitors and patient-
controlled analgesia morphine offer advantages over morphine alone? Meta-analyses of 
randomized trials. Anesthesiology 2005; 103: 1296. 

193. McNicol ED, Ferguson MC, Haroutounian S, et al. Single dose intravenous paracetamol or 
intravenous propacetamol for postoperative pain. Cochrane Database Syst Rev 2016; CD007126. 

194. Altenau B, Crisp CC, Devaiah CG, et al. Randomized controlled trial of intravenous 
acetaminophen for postcesarean delivery pain control. Am J Obstet Gynecol 2017; 217: 362 e1. 

195. Remy C, Marret E and Bonnet F. Effects of acetaminophen on morphine side-effects and 
consumption after major surgery: meta-analysis of randomized controlled trials. Br J Anaesth 
2005; 94: 505. 

196. Ozmete O, Bali C, Cok OY, et al. Preoperative paracetamol improves post-cesarean delivery pain 
management: a prospective, randomized, double-blind, placebo-controlled trial. J Clin Anesth 
2016; 33: 51. 

197. Politi JR, Davis RL, 2nd and Matrka AK. Randomized Prospective Trial Comparing the Use of 
Intravenous versus Oral Acetaminophen in Total Joint Arthroplasty. J Arthroplasty 2017; 32: 
1125. 

198. Yeh YC and Reddy P. Clinical and economic evidence for intravenous acetaminophen. 
Pharmacotherapy 2012; 32: 559. 

199. Clarke R, Derry S and Moore RA. Single dose oral etoricoxib for acute postoperative pain in 
adults. Cochrane Database Syst Rev 2014; CD004309. 

200. Gaskell H, Derry S, Wiffen PJ, et al. Single dose oral ketoprofen or dexketoprofen for acute 
postoperative pain in adults. Cochrane Database Syst Rev 2017; 5: CD007355. 

201. Munteanu AM, Cionac Florescu S, Anastase DM, et al. Is there any analgesic benefit from 
preoperative vs. postoperative administration of etoricoxib in total knee arthroplasty under 
spinal anaesthesia?: A randomised double-blind placebo-controlled trial. Eur J Anaesthesiol 
2016; 33: 840. 

202. Graham GG, Graham RI and Day RO. Comparative analgesia, cardiovascular and renal effects of 
celecoxib, rofecoxib and acetaminophen (paracetamol). Curr Pharm Des 2002; 8: 1063. 

203. Cicconetti A, Bartoli A, Ripari F, et al. COX-2 selective inhibitors: a literature review of analgesic 
efficacy and safety in oral-maxillofacial surgery. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2004; 97: 139. 

204. Reuben SS, Connelly NR, Lurie S, et al. Dose-response of ketorolac as an adjunct to patient-
controlled analgesia morphine in patients after spinal fusion surgery. Anesth Analg 1998; 87: 98. 

205. Trowbridge ER, Kim D, Caldwell L, et al. Use of Ketorolac After Outpatient Urogynecologic 
Surgery: A Randomized Control Trial. Female Pelvic Med Reconstr Surg 2017;  

206. Short J, Downey K, Bernstein P, et al. A single preoperative dose of gabapentin does not improve 
postcesarean delivery pain management: a randomized, double-blind, placebo-controlled dose-
finding trial. Anesth Analg 2012; 115: 1336. 

207. Moore A, Costello J, Wieczorek P, et al. Gabapentin improves postcesarean delivery pain 
management: a randomized, placebo-controlled trial. Anesth Analg 2011; 112: 167. 



55 
 

208. Mao Y, Wu L and Ding W. The efficacy of preoperative administration of gabapentin/pregabalin 
in improving pain after total hip arthroplasty: a meta-analysis. BMC Musculoskelet Disord 2016; 
17: 373. 

209. Gurbel PA, Bliden KP, Zhu J, et al. Thromboxane inhibition during concurrent therapy with low-
dose aspirin and over-the-counter naproxen sodium. Journal of thrombosis and thrombolysis 
2018; 45: 18. 

210. Tiippana EM, Hamunen K, Kontinen VK, et al. Do surgical patients benefit from perioperative 
gabapentin/pregabalin? A systematic review of efficacy and safety. Anesth Analg 2007; 104: 
1545. 

211. Grosen K, Drewes AM, Hojsgaard A, et al. Perioperative gabapentin for the prevention of 
persistent pain after thoracotomy: a randomized controlled trial. Eur J Cardiothorac Surg 2014; 
46: 76. 

212. Mishriky BM, Waldron NH and Habib AS. Impact of pregabalin on acute and persistent 
postoperative pain: a systematic review and meta-analysis. Br J Anaesth 2015; 114: 10. 

213. Remerand F, Le Tendre C, Baud A, et al. The early and delayed analgesic effects of ketamine 
after total hip arthroplasty: a prospective, randomized, controlled, double-blind study. Anesth 
Analg 2009; 109: 1963. 

214. Bell RF, Dahl JB, Moore RA, et al. Perioperative ketamine for acute postoperative pain. Cochrane 
database of systematic reviews 2006;  

215. Gharaei B, Jafari A, Aghamohammadi H, et al. Opioid-sparing effect of preemptive bolus low-
dose ketamine for moderate sedation in opioid abusers undergoing extracorporeal shock wave 
lithotripsy: a randomized clinical trial. Anesth Analg 2013; 116: 75. 

216. Dunn LK and Durieux ME. Perioperative Use of Intravenous Lidocaine. Anesthesiology 2017; 126: 
729. 

217. Groudine SB, Fisher HA, Kaufman RP, Jr., et al. Intravenous lidocaine speeds the return of bowel 
function, decreases postoperative pain, and shortens hospital stay in patients undergoing radical 
retropubic prostatectomy. Anesth Analg 1998; 86: 235. 

218. De Oliveira GS, Almeida MD, Benzon HT, et al. Perioperative Single Dose Systemic 
Dexamethasone for Postoperative PainA Meta-analysis of Randomized Controlled Trials. 
Anesthesiology: The Journal of the American Society of Anesthesiologists 2011; 115: 575. 

219. Waldron N, Jones C, Gan T, et al. Impact of perioperative dexamethasone on postoperative 
analgesia and side-effects: systematic review and meta-analysis. British journal of anaesthesia 
2012; 110: 191. 

220. Fan E, Del Sorbo L, Goligher EC, et al. An Official American Thoracic Society/European Society of 
Intensive Care Medicine/Society of Critical Care Medicine Clinical Practice Guideline: Mechanical 
Ventilation in Adult Patients with Acute Respiratory Distress Syndrome. Am J Respir Crit Care 
Med 2017; 195: 1253. 

221. Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for disease control and prevention 
guideline for the prevention of surgical site infection, 2017. JAMA surgery 2017; 152: 784. 

222. Wetterslev J, Meyhoff CS, Jørgensen LN, et al. The effects of high perioperative inspiratory 
oxygen fraction for adult surgical patients. Cochrane Database Syst Rev 2015; 6:  

223. Brull SJ and Kopman AF. Current Status of Neuromuscular Reversal and MonitoringChallenges 
and Opportunities. Anesthesiology: The Journal of the American Society of Anesthesiologists 
2017; 126: 173. 

224. Murphy GS and Kopman AF. "To Reverse or Not To Reverse?": The Answer Is Clear! 
Anesthesiology 2016; 125: 611. 



56 
 

225. Tangpaitoon T, Nisoog C and Lojanapiwat B. Efficacy and safety of percutaneous 
nephrolithotomy (PCNL): a prospective and randomized study comparing regional epidural 
anesthesia with general anesthesia. Int Braz J Urol 2012; 38: 504. 

226. Kuzgunbay B, Turunc T, Akin S, et al. Percutaneous nephrolithotomy under general versus 
combined spinal-epidural anesthesia. J Endourol 2009; 23: 1835. 

227. Rigg JR, Jamrozik K, Myles PS, et al. Epidural anaesthesia and analgesia and outcome of major 
surgery: a randomised trial. Lancet 2002; 359: 1276. 

228. Maffezzini M, Campodonico F, Canepa G, et al. Current perioperative management of radical 
cystectomy with intestinal urinary reconstruction for muscle-invasive bladder cancer and 
reduction of the incidence of postoperative ileus. Surg Oncol 2008; 17: 41. 

229. Spackman DR, McLeod AD, Prineas SN, et al. Effect of epidural blockade on indicators of 
splanchnic perfusion and gut function in critically ill patients with peritonitis: a randomised 
comparison of epidural bupivacaine with systemic morphine. Intensive Care Med 2000; 26: 
1638. 

230. Liu S, Carpenter RL and Neal JM. Epidural Anesthesia and AnalgesiaTheir Role in Postoperative 
Outcome. Anesthesiology: The Journal of the American Society of Anesthesiologists 1995; 82: 
1474. 

231. Niraj G, Kelkar A, Jeyapalan I, et al. Comparison of analgesic efficacy of subcostal transversus 
abdominis plane blocks with epidural analgesia following upper abdominal surgery. Anaesthesia 
2011; 66: 465. 

232. Andreae MH and Andreae DA. Regional anaesthesia to prevent chronic pain after surgery: a 
Cochrane systematic review and meta-analysis. Br J Anaesth 2013; 111: 711. 

233. Haythornthwaite JA, Raja SN, Fisher B, et al. Pain and quality of life following radical retropubic 
prostatectomy. J Urol 1998; 160: 1761. 

234. Brown MJ, Curry TB, Hyder JA, et al. Intraoperative Hypothermia and Surgical Site Infections in 
Patients with Class I/Clean Wounds: A Case-Control Study. J Am Coll Surg 2017; 224: 160. 

235. Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative maintenance of normothermia reduces 
the incidence of morbid cardiac events. A randomized clinical trial. JAMA 1997; 277: 1127. 

236. White PF, O'hara JF, Roberson CR, et al. The impact of current antiemetic practices on patient 
outcomes: a prospective study on high-risk patients. Anesthesia & Analgesia 2008; 107: 452. 

237. Apfelbaum JL, Silverstein JH, Chung FF, et al. Practice guidelines for postanesthetic care: an 
updated report by the American Society of Anesthesiologists Task Force on Postanesthetic Care. 
Anesthesiology 2013; 118: 291. 

238. Anesthesia Quality Institute. 2016 AQI QCDR Measure Specifications. February 8, 2016. 
Anesthesia Quality Institute website. http://www.aqihq.org/files/pqrs/2016_AQI_non-
PQRS_Measures_Narrative.pdf. February 23, 2018. 

239. Gan TJ, Diemunsch P, Habib AS, et al. Consensus guidelines for the management of 
postoperative nausea and vomiting. Anesthesia & Analgesia 2014; 118: 85. 

240. Ramos P, Montez J, Tripp A, et al. Face, content, construct and concurrent validity of dry 
laboratory exercises for robotic training using a global assessment tool. BJU Int 2014; 113: 836. 

241. Dowdy SC, Curry TB and Cima RR. Reducing infection rates through perioperative glycemic 
control - how sweet it is. Gynecol Oncol 2017; 146: 215. 

242. Semerjian A, Milbar N, Kates M, et al. Hospital Charges and Length of Stay Following Radical 
Cystectomy in the Enhanced Recovery After Surgery Era. Urology 2018; 111: 86. 

243. Practice Guidelines for Perioperative Blood Management: an updated report by the American 
Society of Anesthesiologists Task Force on Perioperative Blood Management. Anesthesiology 
2015; 122: 241. 

http://www.aqihq.org/files/pqrs/2016_AQI_non-PQRS_Measures_Narrative.pdf
http://www.aqihq.org/files/pqrs/2016_AQI_non-PQRS_Measures_Narrative.pdf


57 
 

244. Tzounakas VL, Seghatchian J, Grouzi E, et al. Red blood cell transfusion in surgical cancer 
patients: Targets, risks, mechanistic understanding and further therapeutic opportunities. 
Transfus Apher Sci 2017; 56: 291. 

245. Goubran H, Sheridan D, Radosevic J, et al. Transfusion-related immunomodulation and cancer. 
Transfus Apher Sci 2017; 56: 336. 

246. Donat SM and Levy DA. Bleomycin associated pulmonary toxicity: is perioperative oxygen 
restriction necessary? J Urol 1998; 160: 1347. 

247. Baniel J and Sella A. Complications of retroperitoneal lymph node dissection in testicular cancer: 
primary and post-chemotherapy. Semin Surg Oncol 1999; 17: 263. 

248. Heidenreich A, Thuer D and Polyakov S. Postchemotherapy retroperitoneal lymph node 
dissection in advanced germ cell tumours of the testis. Eur Urol 2008; 53: 260. 

249. Salmasi V, Maheshwari K, Yang D, et al. Relationship between Intraoperative Hypotension, 
Defined by Either Reduction from Baseline or Absolute Thresholds, and Acute Kidney and 
Myocardial Injury after Noncardiac Surgery: A Retrospective Cohort Analysis. Anesthesiology 
2017; 126: 47. 

250. Futier E, Lefrant JY, Guinot PG, et al. Effect of Individualized vs Standard Blood Pressure 
Management Strategies on Postoperative Organ Dysfunction Among High-Risk Patients 
Undergoing Major Surgery: A Randomized Clinical Trial. JAMA 2017; 318: 1346. 

251. Oester A and Madsen PO. Determination of absorption of irrigating fluid during transurethral 
resection of the prostate by means of radioisotopes. J Urol 1969; 102: 714. 

252. Madsen PO and Naber KG. The importance of the pressure in the prostatic fossa and absorption 
of irrigating fluid during transurethral resection of the prostate. J Urol 1973; 109: 446. 

253. Hagstrom RS. Studies on fluid absorption during transurethral prostatic resection. J Urol 1955; 
73: 852. 

254. Gehring H, Nahm W, Zimmermann K, et al. Irrigating fluid absorption during percutaneous 
nephrolithotripsy. Acta Anaesthesiol Scand 1999; 43: 316. 

255. Checketts MR and Duthie WH. Expired breath ethanol measurement to calculate irrigating fluid 
absorption during transurethral resection of the prostate: experience in a district general 
hospital. Br J Urol 1996; 77: 198. 

256. Hahn RG. The use of ethanol to monitor fluid absorption during transurethral resection of the 
prostate. Scand J Urol Nephrol 1999; 33: 277. 

257. Hjertberg H. The use of ethanol as a marker to detect and quantify the absorption of irrigation 
fluid during transurethral resection of the prostate. Scand J Urol Nephrol Suppl 1996; 178: 1. 

258. Malhotra SK, Khaitan A, Goswami AK, et al. Monitoring of irrigation fluid absorption during 
percutaneous nephrolithotripsy: the use of 1% ethanol as a marker. Anaesthesia 2001; 56: 1103. 

259. Kukreja RA, Desai MR, Sabnis RB, et al. Fluid absorption during percutaneous nephrolithotomy: 
does it matter? J Endourol 2002; 16: 221. 

260. Mohta M, Bhagchandani T, Tyagi A, et al. Haemodynamic, electrolyte and metabolic changes 
during percutaneous nephrolithotomy. Int Urol Nephrol 2008; 40: 477. 

261. Ozer AB, Firdolas F, Aydin A, et al. Abdominal hypertension characterised by severe 
haemodynamic changes as a complication of percutanous nephrolithotomy. BMJ Case Rep 2012; 
2012:  

262. Pugach JL, Moore RG, Parra RO, et al. Massive hydrothorax and hydro-abdomen complicating 
percutaneous nephrolithotomy. J Urol 1999; 162: 2110; discussion 2110. 

263. Ghai B, Dureja GP and Arvind P. Massive intraabdominal extravasation of fluid: a life threatening 
complication following percutaneous nephrolithotomy. Int Urol Nephrol 2003; 35: 315. 

264. Scichani M and Kashi A. An assessment of serum sodium within 48h after percutaneous 
nephrolithotomy with half-strength saline solution. Urol Res 2010; 38: 413. 



58 
 

265. Feizzadeh B, Doosti H and Movarrekh M. Distilled water as an irrigation fluid in percutaneous 
nephrolithotomy. Urol J 2006; 3: 208. 

266. Hosseini MM, Hassanpour A, Manaheji F, et al. Percutaneous nephrolithotomy: is distilled water 
as safe as saline for irrigation? Urol J 2014; 11: 1551. 

267. Aghamir SM, Alizadeh F, Meysamie A, et al. Sterile water versus isotonic saline solution as 
irrigation fluid in percutaneous nephrolithotomy. Urol J 2009; 6: 249. 

268. Purkait B, Kumar M, Bansal A, et al. Is normal saline the best irrigation fluid to be used during 
percutaneous nephrolithotomy in renal failure patient? A prospective randomized controlled 
trial. Turk J Urol 2016; 42: 267. 

269. Rozentsveig V, Neulander EZ, Roussabrov E, et al. Anesthetic considerations during 
percutaneous nephrolithotomy. J Clin Anesth 2007; 19: 351. 

270. Tekgul ZT, Pektas S, Yildirim U, et al. A prospective randomized double-blind study on the effects 
of the temperature of irrigation solutions on thermoregulation and postoperative complications 
in percutaneous nephrolithotomy. J Anesth 2015; 29: 165. 

271. Crossing the quality chasm: a new health system for the 21st century. Crossing the quality 
chasm: a new health system for the 21st century.  Washington, DC:  National Academy Press, 
2001. 

272. Molina G, Berry WR, Lipsitz SR, et al. Perception of Safety of Surgical Practice Among Operating 
Room Personnel From Survey Data Is Associated With All-cause 30-day Postoperative Death 
Rate in South Carolina. Ann Surg 2017; 266: 658. 

273. Babic B, Volpe AA, Merola S, et al. Sustained culture and surgical outcome improvement. Am J 
Surg 2018;  

274. Boysen PG. Just culture: a foundation for balanced accountability and patient safety. The 
Ochsner Journal 2013; 13: 400. 

275. Lamb RM, Studdert DM, Bohmer RM, et al. Hospital disclosure practices: results of a national 
survey. Health Aff 2003; 22: 73. 

276. Polavarapu HV, Kulaylat AN, Sun S, et al. 100 years of surgical education: the past, present, and 
future. Bull Am Coll Surg 2013; 98: 22. 

277. Joint Commission on Accreditation of Hospitals. Accreditation manual for hospitals.  Chicago, IL:  
Joint Commission on Accreditation of Hospitals, 1982. 

278. Moore C, Wisnivesky J, Williams S, et al. Medical errors related to discontinuity of care from an 
inpatient to an outpatient setting. J Gen Intern Med 2003; 18: 646. 

279. Merritt A and Helmreich R. Creating and Sustaining a Safety Culture: Some Practical Strategies. 
CRM Advocate 1996; 1: 9. 

280. Kaissi A. An organizational approach to understanding patient safety and medical errors. Health 
Care Manag (Frederick) 2006; 25: 292. 

281. Failure Modes and Effects Analysis Tool. 2018. Institute for Healthcare Improvement website. 
http://app.ihi.org/workspace/tools/fmea/. July 23, 2018. 

282. Leonard MS. Patient Safety and Quality Improvement: Reducing Risk of Harm. Pediatr Rev 2015; 
36: 448. 

283. Cohen TN, Francis SE, Wiegmann DA, et al. Using HFACS-Healthcare to Identify Systemic 
Vulnerabilities During Surgery. American Journal of Medical Quality 2018; 1062860618764316. 

284. Communication and Optimal Resolution (CANDOR) Toolkit. 2017. Agency for Healthcare 
Research and Quality website. https://www.ahrq.gov/professionals/quality-patient-
safety/patient-safety-resources/resources/candor/introduction.html. July 23, 2018. 

285. TeamSTEPPS. Agency for Healthcare Research and Quality website. 
https://www.ahrq.gov/teamstepps/index.html. July 23, 2018. 

http://app.ihi.org/workspace/tools/fmea/
https://www.ahrq.gov/professionals/quality-patient-safety/patient-safety-resources/resources/candor/introduction.html
https://www.ahrq.gov/professionals/quality-patient-safety/patient-safety-resources/resources/candor/introduction.html
https://www.ahrq.gov/teamstepps/index.html


59 
 

286. Kim FJ, da Silva RD, Gustafson D, et al. Current issues in patient safety in surgery: a review. 
Patient Saf Surg 2015; 9: 26. 

287. Agency for Healthcare Research and Quality. Core CUSP Toolkit. December 2017. Agency for 
Healthcare Research and Quality website. 
http://www.ahrq.gov/professionals/education/curriculum-
tools/cusptoolkit/modules/index.html. June 26, 2018. 

288. Hicks CW, Rosen M, Hobson DB, et al. Improving safety and quality of care with enhanced 
teamwork through operating room briefings. JAMA Surg 2014; 149: 863. 

289. Gordon M, Darbyshire D and Baker P. Non-technical skills training to enhance patient safety: a 
systematic review. Med Educ 2012; 46: 1042. 

290. McCulloch P, Mishra A, Handa A, et al. The effects of aviation-style non-technical skills training 
on technical performance and outcome in the operating theatre. Qual Saf Health Care 2009; 18: 
109. 

291. Graafland M, Schraagen JM, Boermeester MA, et al. Training situational awareness to reduce 
surgical errors in the operating room. Br J Surg 2015; 102: 16. 

292. Oster C and Braaten J. High Reliability Organizations: a Healthcare Handbook for Patient Safety 
& Quality.  Indianapolis, IN:  Sigma Theta Tau, 2016. 

293. Yule S, Flin R, Paterson-Brown S, et al. Development of a rating system for surgeons' non-
technical skills. Med Educ 2006; 40: 1098. 

294. Yule S, Flin R, Maran N, et al. Surgeons' non-technical skills in the operating room: reliability 
testing of the NOTSS behavior rating system. World J Surg 2008; 32: 548. 

295. Goldenberg MG, Fok KH, Ordon M, et al. Simulation-Based Laparoscopic Surgery Crisis Resource 
Management Training-Predicting Technical and Nontechnical Skills. J Surg Educ 2017;  

296. Raison N, Wood T, Brunckhorst O, et al. Development and validation of a tool for non-technical 
skills evaluation in robotic surgery-the ICARS system. Surg Endosc 2017; 31: 5403. 

297. Brunckhorst O, Shahid S, Aydin A, et al. Simulation-based ureteroscopy skills training curriculum 
with integration of technical and non-technical skills: a randomised controlled trial. Surg Endosc 
2015; 29: 2728. 

298. Flin R, O'Connor P and Mearns K. Crew resource management: Improving team work in high 
reliability industries. Team Performance Management 2002; 8: 68. 

299. van Veelen MA, Snijders CJ, van Leeuwen E, et al. Improvement of foot pedals used during 
surgery based on new ergonomic guidelines. Surg Endosc 2003; 17: 1086. 

300. Mishra A, Catchpole K and McCulloch P. The Oxford NOTECHS System: reliability and validity of a 
tool for measuring teamwork behaviour in the operating theatre. Qual Saf Health Care 2009; 18: 
104. 

301. Mishra A, Catchpole K, Dale T, et al. The influence of non-technical performance on technical 
outcome in laparoscopic cholecystectomy. Surg Endosc 2008; 22: 68. 

302. Undre S, Healey AN, Darzi A, et al. Observational assessment of surgical teamwork: a feasibility 
study. World J Surg 2006; 30: 1774. 

303. Undre S, Sevdalis N, Healey AN, et al. Observational teamwork assessment for surgery (OTAS): 
refinement and application in urological surgery. World J Surg 2007; 31: 1373. 

304. Goldenberg MG, Goldenberg L and Grantcharov TP. Surgeon Performance Predicts Early 
Continence After Robot-Assisted Radical Prostatectomy. J Endourol 2017; 31: 858. 

305. Black SA, Nestel DF, Kneebone RL, et al. Assessment of surgical competence at carotid 
endarterectomy under local anaesthesia in a simulated operating theatre. Br J Surg 2010; 97: 
511. 

http://www.ahrq.gov/professionals/education/curriculum-tools/cusptoolkit/modules/index.html
http://www.ahrq.gov/professionals/education/curriculum-tools/cusptoolkit/modules/index.html


60 
 

306. Brunckhorst O, Shahid S, Aydin A, et al. The Relationship Between Technical And Nontechnical 
Skills Within A Simulation-Based Ureteroscopy Training Environment. J Surg Educ 2015; 72: 
1039. 

307. Hull L, Arora S, Aggarwal R, et al. The impact of nontechnical skills on technical performance in 
surgery: a systematic review. Journal of the American College of Surgeons 2012; 214: 214. 

308. Reason J. Understanding adverse events: human factors. Qual Health Care 1995; 4: 80. 
309. Catchpole KR, Giddings AE, Wilkinson M, et al. Improving patient safety by identifying latent 

failures in successful operations. Surgery 2007; 142: 102. 
310. Patterson MD, Geis GL, Falcone RA, et al. In situ simulation: detection of safety threats and 

teamwork training in a high risk emergency department. BMJ Qual Saf 2013; 22: 468. 
311. Wheeler DS, Geis G, Mack EH, et al. High-reliability emergency response teams in the hospital: 

improving quality and safety using in situ simulation training. BMJ Qual Saf 2013; 22: 507. 
312. Rao R, Caskey RC, Owei L, et al. Curriculum Using the In-Situ Operating Room Setting. J Surg 

Educ 2017; 74: e39. 
313. Surcouf JW, Chauvin SW, Ferry J, et al. Enhancing residents' neonatal resuscitation competency 

through unannounced simulation-based training. Med Educ Online 2013; 18: 1. 
314. Miller D, Crandall C, Washington C, 3rd, et al. Improving teamwork and communication in 

trauma care through in situ simulations. Acad Emerg Med 2012; 19: 608. 
315. Greenberg CC, Ghousseini HN, Pavuluri Quamme SR, et al. A Statewide Surgical Coaching 

Program Provides Opportunity for Continuous Professional Development. Ann Surg 2018; 267: 
868. 

316. Riley W, Davis S, Miller K, et al. Didactic and simulation nontechnical skills team training to 
improve perinatal patient outcomes in a community hospital. Jt Comm J Qual Patient Saf 2011; 
37: 357. 

317. Greenberg CC, Ghousseini HN, Quamme SRP, et al. Surgical coaching for individual performance 
improvement. Annals of surgery 2015; 261: 32. 

318. Gawande AA, Zinner MJ, Studdert DM, et al. Analysis of errors reported by surgeons at three 
teaching hospitals. Surgery 2003; 133: 614. 

319. Hughes, RG (ed.). Patient Safety and Quality: An Evidence-Based Handbook for Nurses.  
Rockville, MD:  Agency for Healthcare Research and Quality, 2008. 

320. Hamilton NA, Kieninger AN, Woodhouse J, et al. Video review using a reliable evaluation metric 
improves team function in high-fidelity simulated trauma resuscitation. J Surg Educ 2012; 69: 
428. 

321. Hu YY, Peyre SE, Arriaga AF, et al. Postgame analysis: using video-based coaching for continuous 
professional development. J Am Coll Surg 2012; 214: 115. 

322. Dedy NJ, Fecso AB, Szasz P, et al. Implementation of an Effective Strategy for Teaching 
Nontechnical Skills in the Operating Room: A Single-blinded Nonrandomized Trial. Ann Surg 
2016; 263: 937. 

323. Xiao Y, Jones A, Zhang BB, et al. Team consistency and occurrences of prolonged operative time, 
prolonged hospital stay, and hospital readmission: a retrospective analysis. World journal of 
surgery 2015; 39: 890. 

324. Grant MC, Hanna A, Benson A, et al. Dedicated Operating Room Teams and Clinical Outcomes in 
an Enhanced Recovery after Surgery Pathway for Colorectal Surgery. J Am Coll Surg 2018; 226: 
267. 

325. Mantoo S, Rigaud J, Naulet S, et al. Standardized surgical technique and dedicated operating 
room environment can reduce the operative time during robotic-assisted surgery for pelvic floor 
disorders. J Robot Surg 2014; 8: 7. 



61 
 

326. Sim HG, Yip SK, Lau WK, et al. Team-based approach reduces learning curve in robot-assisted 
laparoscopic radical prostatectomy. Int J Urol 2006; 13: 560. 

327. Lasser MS, Patel CK, Elsamra SE, et al. Dedicated robotics team reduces pre-surgical preparation 
time. Indian J Urol 2012; 28: 263. 

328. Jenks J SE, Mukhtar B, et al. Does the use of a dedicated operating space and surgical team 
reduce infection rates for first stage sacral neuromodulation? JURO 2015; 193: e575. 

329. Rogers D, Lingard L, Boehler ML, et al. Teaching operating room conflict management to 
surgeons: clarifying the optimal approach. Med Educ 2011; 45: 939. 

330. Coe R and Gould D. Disagreement and aggression in the operating theatre. J Adv Nurs 2008; 61: 
609. 

331. Lingard L, Reznick R, DeVito I, et al. Forming professional identities on the health care team: 
discursive constructions of the 'other' in the operating room. Med Educ 2002; 36: 728. 

332. Greer LL, Saygi O, Aaldering H, et al. Conflict in medical teams: opportunity or danger? Med 
Educ 2012; 46: 935. 

333. Amason AC, Thompson KR, Hochwarter W, et al. Conflict: an important dimension in successful 
management teams. Organ Dyn Dyn 1995; 24: 20. 

334. de Wit FR, Greer LL and Jehn KA. The paradox of intragroup conflict: a meta-analysis. J Appl 
Psychol 2012; 97: 360. 

335. Rogers DA and Lingard L. Surgeons managing conflict: a framework for understanding the 
challenge. J Am Coll Surg 2006; 203: 568. 

336. Jehn K and Bendersky C. Intragroup conflict in organisations: a contingency perspective on the 
conflict–outcome relationship. Res Organ Behav 2003; 25: 187. 

337. Rogers DA, Lingard L, Boehler ML, et al. Surgeons managing conflict in the operating room: 
defining the educational need and identifying effective behaviors. Am J Surg 2013; 205: 125. 

338. The Joint Commission. Sentinel event alert: Behaviors that undermine a culture of safety. 2008. 
The Joint Commission website. http://www.jointcommission.org/assets/1/18/sea_40.pdf. June 
21, 2018. 

339. Dull DL and Fox L. Perception of intimidation in a perioperative setting. Am J Med Qual 2010; 25: 
87. 

340. Cook JK, Green M and Topp RV. Exploring the impact of physician verbal abuse on perioperative 
nurses. AORN J 2001; 74: 317. 

341. Rosenstein AH and O'Daniel M. Impact and implications of disruptive behavior in the 
perioperative arena. J Am Coll Surg 2006; 203: 96. 

342. Porath CL and Erez A. Overlooked but not untouched: How rudeness reduces onlookers’ 
performance on routine and creative tasks. Organ Behav Hum Decis Process 2009; 109: 29. 

343. Ohman A, Flykt A and Esteves F. Emotion drives attention: detecting the snake in the grass. J Exp 
Psychol Gen 2001; 130: 466. 

344. Riskin A, Erez A, Foulk TA, et al. The Impact of Rudeness on Medical Team Performance: A 
Randomized Trial. Pediatrics 2015; 136: 487. 

345. Chrouser KL, Xu J, Hallbeck S, et al. The influence of stress responses on surgical performance 
and outcomes: Literature review and the development of the surgical stress effects (SSE) 
framework. Am J Surg 2018;  

346. Wetzel CM, George A, Hanna GB, et al. Stress management training for surgeons-a randomized, 
controlled, intervention study. Ann Surg 2011; 253: 488. 

347. Wetzel CM, Black SA, Hanna GB, et al. The effects of stress and coping on surgical performance 
during simulations. Ann Surg 2010; 251: 171. 

348. Reynolds N. Disruptive Physician Behavior: Use and Misuse of the Label. J Med Regul 2011; 98: 
8. 

http://www.jointcommission.org/assets/1/18/sea_40.pdf


62 
 

349. Lingard L, Garwood S and Poenaru D. Tensions influencing operating room team function: does 
institutional context make a difference? Med Educ 2004; 38: 691. 

350. Lingard L, Reznick R, Espin S, et al. Team communications in the operating room: talk patterns, 
sites of tension, and implications for novices. Acad Med 2002; 77: 232. 

351. Wittenbaum G, Hollingshead A and Botero I. From cooperative to motivated information sharing 
in groups: moving beyond the hidden profile paradigm. Commun Monogr 2004; 71:  

352. Flin R, Yule S, McKenzie L, et al. Attitudes to teamwork and safety in the operating theatre. 
Surgeon 2006; 4: 145. 

353. Plerhoples TA, Hernandez-Boussard T and Wren SM. The aching surgeon: a survey of physical 
discomfort and symptoms following open, laparoscopic, and robotic surgery. J Robot Surg 2012; 
6: 65. 

354. Ergonomics, Health and Safety. Ergonomics, Health and Safety.  Louvain, Belgium:  Leuven 
University Press, 1991. 

355. Ronstrom C, Hallbeck S, Lowndes B, et al: Surgical Ergonomics. In: Surgeons as Educators: A 
Guide for Academic Development and Teaching Excellence. Edited by T. S. Köhler, Schwartz, 
Bradley Springer International Publishing,  2017. 

356. Tjiam IM, Goossens RH, Schout BM, et al. Ergonomics in endourology and laparoscopy: an 
overview of musculoskeletal problems in urology. J Endourol 2014; 28: 605. 

357. Hemal AK, Srinivas M and Charles AR. Ergonomic problems associated with laparoscopy. J 
Endourol 2001; 15: 499. 

358. Merrit Hawkins. 2016 Physician Inpatient/Outpatient Revenue Survey. 2016. Hospital Council of 
Northern & Central California Website. https://www.hospitalcouncil.org/strategic-
partner/merritt-hawkins-2016-survey-inpatientoutpatient-revenue. March 15, 2018. 

359. Xiao DJ, Jakimowicz JJ, Albayrak A, et al. Ergonomic factors on task performance in laparoscopic 
surgery training. Appl Ergon 2012; 43: 548. 

360. Janki S, Mulder E, JNM IJ, et al. Ergonomics in the operating room. Surg Endosc 2017; 31: 2457. 
361. Mao X, Jia P, Zhang L, et al. An Evaluation of the Effects of Human Factors and Ergonomics on 

Health Care and Patient Safety Practices: A Systematic Review. PLoS One 2015; 10: e0129948. 
362. Birkmeyer JD, Finks JF, O'Reilly A, et al. Surgical skill and complication rates after bariatric 

surgery. N Engl J Med 2013; 369: 1434. 
363. Fecso AB, Szasz P, Kerezov G, et al. The Effect of Technical Performance on Patient Outcomes in 

Surgery: A Systematic Review. Ann Surg 2017; 265: 492. 
364. Wallis CJ, Ravi B, Coburn N, et al. Comparison of postoperative outcomes among patients 

treated by male and female surgeons: a population based matched cohort study. BMJ 2017; 
359: j4366. 

365. Adams SR, Hacker MR, McKinney JL, et al. Musculoskeletal pain in gynecologic surgeons. J Minim 
Invasive Gynecol 2013; 20: 656. 

366. Franasiak J, Ko EM, Kidd J, et al. Physical strain and urgent need for ergonomic training among 
gynecologic oncologists who perform minimally invasive surgery. Gynecol Oncol 2012; 126: 437. 

367. Chung A OD, Sawyer M, et al. Is your career hurting you? The ergonomic consequences of 
surgery in 701 urologists worldwide. European Urology Supplements 2017; 16: e1246. 

368. Sutton E, Irvin M, Zeigler C, et al. The ergonomics of women in surgery. Surg Endosc 2014; 28: 
1051. 

369. Berguer R and Hreljac A. The relationship between hand size and difficulty using surgical 
instruments: a survey of 726 laparoscopic surgeons. Surg Endosc 2004; 18: 508. 

370. The State of Urology Workforce and Practice in the United States 2017. Linthicum, Maryland, 
U.S.A: American Urological Association, 2018. 

https://www.hospitalcouncil.org/strategic-partner/merritt-hawkins-2016-survey-inpatientoutpatient-revenue
https://www.hospitalcouncil.org/strategic-partner/merritt-hawkins-2016-survey-inpatientoutpatient-revenue


63 
 

371. Voss RK, Chiang YJ, Cromwell KD, et al. Do No Harm, Except to Ourselves? A Survey of Symptoms 
and Injuries in Oncologic Surgeons and Pilot Study of an Intraoperative Ergonomic Intervention. 
J Am Coll Surg 2017; 224: 16. 

372. Uhrich ML, Underwood RA, Standeven JW, et al. Assessment of fatigue, monitor placement, and 
surgical experience during simulated laparoscopic surgery. Surg Endosc 2002; 16: 635. 

373. Takayasu K, Yoshida K, Mishima T, et al. Analysis of the posture pattern during robotic simulator 
tasks using an optical motion capture system. Surg Endosc 2018; 32: 183. 

374. Berguer R, Rab GT, Abu-Ghaida H, et al. A comparison of surgeons' posture during laparoscopic 
and open surgical procedures. Surg Endosc 1997; 11: 139. 

375. Wang R, Liang Z, Zihni AM, et al. Which causes more ergonomic stress: Laparoscopic or open 
surgery? Surg Endosc 2017; 31: 3286. 

376. Kelsey JL, Githens PB, White AA, 3rd, et al. An epidemiologic study of lifting and twisting on the 
job and risk for acute prolapsed lumbar intervertebral disc. J Orthop Res 1984; 2: 61. 

377. Kant IJ, de Jong LC, van Rijssen-Moll M, et al. A survey of static and dynamic work postures of 
operating room staff. Int Arch Occup Environ Health 1992; 63: 423. 

378. Luttmann A, Sokeland J and Laurig W. Muscular strain and fatigue among urologists during 
transurethral resections using direct and monitor endoscopy. Eur Urol 1998; 34: 6. 

379. Nguyen NT, Ho HS, Smith WD, et al. An ergonomic evaluation of surgeons' axial skeletal and 
upper extremity movements during laparoscopic and open surgery. Am J Surg 2001; 182: 720. 

380. Berguer R, Forkey DL and Smith WD. The effect of laparoscopic instrument working angle on 
surgeons' upper extremity workload. Surg Endosc 2001; 15: 1027. 

381. Ballantyne GH. The pitfalls of laparoscopic surgery: challenges for robotics and telerobotic 
surgery. Surg Laparosc Endosc Percutan Tech 2002; 12: 1. 

382. Albayrak, Kazemier, Meijer, et al. Current state of ergonomics of operating rooms of Dutch 
hospitals in the endoscopic era. Minim Invasive Ther Allied Technol 2004; 13: 156. 

383. Berguer R, Smith WD and Chung YH. Performing laparoscopic surgery is significantly more 
stressful for the surgeon than open surgery. Surg Endosc 2001; 15: 1204. 

384. Lee GI, Lee MR, Green I, et al. Surgeons' physical discomfort and symptoms during robotic 
surgery: a comprehensive ergonomic survey study. Surg Endosc 2017; 31: 1697. 

385. Bagrodia A and Raman JD. Ergonomics considerations of radical prostatectomy: physician 
perspective of open, laparoscopic, and robot-assisted techniques. J Endourol 2009; 23: 627. 

386. Franasiak J, Craven R, Mosaly P, et al. Feasibility and acceptance of a robotic surgery ergonomic 
training program. JSLS 2014; 18:  

387. Lux MM, Marshall M, Erturk E, et al. Ergonomic evaluation and guidelines for use of the daVinci 
Robot system. J Endourol 2010; 24: 371. 

388. Ayoub MM. Work place design and posture. Hum Factors 1973; 15: 265. 
389. Matern U, Waller P, Giebmeyer C, et al. Ergonomics: requirements for adjusting the height of 

laparoscopic operating tables. JSLS 2001; 5: 7. 
390. van Veelen MA, Kazemier G, Koopman J, et al. Assessment of the ergonomically optimal 

operating surface height for laparoscopic surgery. J Laparoendosc Adv Surg Tech A 2002; 12: 47. 
391. Manasnayakorn S, Cuschieri A and Hanna GB. Ergonomic assessment of optimum operating 

table height for hand-assisted laparoscopic surgery. Surg Endosc 2009; 23: 783. 
392. Boppart SA, Deutsch TF and Rattner DW. Optical imaging technology in minimally invasive 

surgery. Current status and future directions. Surg Endosc 1999; 13: 718. 
393. Haveran LA, Novitsky YW, Czerniach DR, et al. Optimizing laparoscopic task efficiency: the role of 

camera and monitor positions. Surg Endosc 2007; 21: 980. 
394. Matern U, Faist M, Kehl K, et al. Monitor position in laparoscopic surgery. Surg Endosc 2005; 19: 

436. 



64 
 

395. Omar AM, Wade NJ, Brown SI, et al. Assessing the benefits of "gaze-down" display location in 
complex tasks. Surg Endosc 2005; 19: 105. 

396. Jaschinski-Kruza W. Eyestrain in VDU users: viewing distance and the resting position of ocular 
muscles. Hum Factors 1991; 33: 69. 

397. Sommerich CM, Joines SM and Psihogios JP. Effects of computer monitor viewing angle and 
related factors on strain, performance, and preference outcomes. Hum Factors 2001; 43: 39. 

398. Wauben LS, van Veelen MA, Gossot D, et al. Application of ergonomic guidelines during 
minimally invasive surgery: a questionnaire survey of 284 surgeons. Surg Endosc 2006; 20: 1268. 

399. Abdalla G, Moran-Atkin E, Chen G, et al. The effect of warm-up on surgical performance: a 
systematic review. Surg Endosc 2015; 29: 1259. 

400. Park AE, Zahiri HR, Hallbeck MS, et al. Intraoperative “Micro Breaks” With Targeted Stretching 
Enhance Surgeon Physical Function and Mental Focus. Annals of surgery 2017; 265: 340. 

401. Dorion D and Darveau S. Do micropauses prevent surgeon's fatigue and loss of accuracy 
associated with prolonged surgery? An experimental prospective study. Annals of surgery 2013; 
257: 256. 

402. Hallbeck MS, Lowndes BR, Bingener J, et al. The impact of intraoperative microbreaks with 
exercises on surgeons: A multi-center cohort study. Appl Ergon 2017; 60: 334. 

403. Rosenblatt PL, McKinney J and Adams SR. Ergonomics in the operating room: protecting the 
surgeon. Journal of minimally invasive gynecology 2013; 20: 744. 

404. Mentis HM, Chellali A, Manser K, et al. A systematic review of the effect of distraction on 
surgeon performance: directions for operating room policy and surgical training. Surg Endosc 
2016; 30: 1713. 

405. Sevdalis N, Undre S, McDermott J, et al. Impact of intraoperative distractions on patient safety: 
a prospective descriptive study using validated instruments. World J Surg 2014; 38: 751. 

406. Wheelock A, Suliman A, Wharton R, et al. The Impact of Operating Room Distractions on Stress, 
Workload, and Teamwork. Ann Surg 2015; 261: 1079. 

407. Wiegmann DA, ElBardissi AW, Dearani JA, et al. Disruptions in surgical flow and their 
relationship to surgical errors: an exploratory investigation. Surgery 2007; 142: 658. 

408. Wong DR, Torchiana DF, Vander Salm TJ, et al. Impact of cardiac intraoperative precursor events 
on adverse outcomes. Surgery 2007; 141: 715. 

409. Schlesinger JJ, Burdick K, Baum S, et al. Rethinking Clinical Workflow. Anesthesiol Clin 2018; 36: 
99. 

410. Bongers PJ, Diederick van Hove P, Stassen LP, et al. A new virtual-reality training module for 
laparoscopic surgical skills and equipment handling: can multitasking be trained? A randomized 
controlled trial. J Surg Educ 2015; 72: 184. 

411. Katz JD. Noise in the operating room. Anesthesiology 2014; 121: 894. 
412. Occupational Noise Exposure. Occupational Safety and Health Administration website. 

https://www.osha.gov/SLTC/noisehearingconservation/. September 1, 2018. 
413. Murthy VS, Malhotra SK, Bala I, et al. Detrimental effects of noise on anaesthetists. Can J 

Anaesth 1995; 42: 608. 
414. Stevenson RA, Schlesinger JJ and Wallace MT. Effects of divided attention and operating room 

noise on perception of pulse oximeter pitch changes: a laboratory study. Anesthesiology 2013; 
118: 376. 

415. Weldon SM, Korkiakangas T, Bezemer J, et al. Music and communication in the operating 
theatre. J Adv Nurs 2015; 71: 2763. 

416. Moris DN and Linos D. Music meets surgery: two sides to the art of "healing". Surg Endosc 2013; 
27: 719. 

https://www.osha.gov/SLTC/noisehearingconservation/


65 
 

417. Lies SR and Zhang AY. Prospective Randomized Study of the Effect of Music on the Efficiency of 
Surgical Closures. Aesthet Surg J 2015; 35: 858. 

418. Siu KC, Suh IH, Mukherjee M, et al. The effect of music on robot-assisted laparoscopic surgical 
performance. Surg Innov 2010; 17: 306. 

419. Allen K and Blascovich J. Effects of music on cardiovascular reactivity among surgeons. JAMA 
1994; 272: 882. 

420. Way TJ, Long A, Weihing J, et al. Effect of noise on auditory processing in the operating room. J 
Am Coll Surg 2013; 216: 933. 

421. Miskovic D, Rosenthal R, Zingg U, et al. Randomized controlled trial investigating the effect of 
music on the virtual reality laparoscopic learning performance of novice surgeons. Surg Endosc 
2008; 22: 2416. 

422. MacDonald A. Smart Operating Room Music. Anesth Analg 2015; 121: 836. 
423. Canary Sound Design. CanaryBox. Canary Sound Design website. 

https://www.canarysounddesign.com/. March 16, 2018. 
424. Fecso AB, Bhatti J and Stotland PK. Technical Performance as a Predictor of Complications in 

Laparoscopic Gastric Cancer Surgery: Another Piece of the Puzzle. J Am Coll Surg 2017; 225: S92. 
425. Hogg ME, Zenati M, Novak S, et al. Grading of Surgeon Technical Performance Predicts 

Postoperative Pancreatic Fistula for Pancreaticoduodenectomy Independent of Patient-related 
Variables. Ann Surg 2016; 264: 482. 

426. Hung AJ, Jayaratna IS, Teruya K, et al. Comparative assessment of three standardized robotic 
surgery training methods. BJU Int 2013; 112: 864. 

427. Moglia A, Ferrari V, Morelli L, et al. A Systematic Review of Virtual Reality Simulators for Robot-
assisted Surgery. Eur Urol 2016; 69: 1065. 

428. Aghazadeh MA, Mercado MA, Pan MM, et al. Performance of robotic simulated skills tasks is 
positively associated with clinical robotic surgical performance. BJU Int 2016; 118: 475. 

429. Lovegrove C, Novara G, Mottrie A, et al. Structured and Modular Training Pathway for Robot-
assisted Radical Prostatectomy (RARP): Validation of the RARP Assessment Score and Learning 
Curve Assessment. Eur Urol 2016; 69: 526. 

430. Davis JW, Kamat A, Munsell M, et al. Initial experience of teaching robot-assisted radical 
prostatectomy to surgeons-in-training: can training be evaluated and standardized? BJU Int 
2010; 105: 1148. 

431. Goldenberg M and Grantcharov T. Video-analysis for the assessment of practical skill. Tijdschr 
Urol 2016; 6: 128. 

432. Martin JA, Regehr G, Reznick R, et al. Objective structured assessment of technical skill (OSATS) 
for surgical residents. Br J Surg 1997; 84: 273. 

433. Hung AJ, Patil MB, Zehnder P, et al. Concurrent and predictive validation of a novel robotic 
surgery simulator: a prospective, randomized study. J Urol 2012; 187: 630. 

434. Aloosh M, Noureldin YA and Andonian S. Transfer of Flexible Ureteroscopic Stone-Extraction 
Skill from a Virtual Reality Simulator to the Operating Theatre: A Pilot Study. J Endourol 2016; 
30: 1120. 

435. Hussein AA, Ghani KR, Peabody J, et al. Development and Validation of an Objective Scoring Tool 
for Robot-Assisted Radical Prostatectomy: Prostatectomy Assessment and Competency 
Evaluation. J Urol 2017; 197: 1237. 

436. Goh AC, Goldfarb DW, Sander JC, et al. Global evaluative assessment of robotic skills: validation 
of a clinical assessment tool to measure robotic surgical skills. J Urol 2012; 187: 247. 

437. Grober ED, Hamstra SJ, Wanzel KR, et al. The educational impact of bench model fidelity on the 
acquisition of technical skill: the use of clinically relevant outcome measures. Ann Surg 2004; 
240: 374. 

https://www.canarysounddesign.com/


66 
 

438. Cao CG, MacKenzie CL, Ibbotson JA, et al. Hierarchical decomposition of laparoscopic 
procedures. Stud Health Technol Inform 1999; 62: 83. 

439. Calatayud D, Arora S, Aggarwal R, et al. Warm-up in a virtual reality environment improves 
performance in the operating room. Ann Surg 2010; 251: 1181. 

440. Lendvay TS, Brand TC, White L, et al. Virtual reality robotic surgery warm-up improves task 
performance in a dry laboratory environment: a prospective randomized controlled study. J Am 
Coll Surg 2013; 216: 1181. 

441. Lee JY, Mucksavage P, Kerbl DC, et al. Laparoscopic warm-up exercises improve performance of 
senior-level trainees during laparoscopic renal surgery. J Endourol 2012; 26: 545. 

442. Ahmed M, Arora S, Russ S, et al. Operation debrief: a SHARP improvement in performance 
feedback in the operating room. Ann Surg 2013; 258: 958. 

443. Mutabdzic D, Mylopoulos M, Murnaghan ML, et al. Coaching Surgeons: Is Culture Limiting Our 
Ability to Improve? Ann Surg 2015; 262: 213. 

444. Yule S, Parker SH, Wilkinson J, et al. Coaching Non-technical Skills Improves Surgical Residents' 
Performance in a Simulated Operating Room. J Surg Educ 2015; 72: 1124. 

445. Ghani KR, Miller DC, Linsell S, et al. Measuring to Improve: Peer and Crowd-sourced 
Assessments of Technical Skill with Robot-assisted Radical Prostatectomy. Eur Urol 2016; 69: 
547. 

446. Brydges R, Carnahan H, Rose D, et al. Coordinating progressive levels of simulation fidelity to 
maximize educational benefit. Acad Med 2010; 85: 806. 

447. Brewin J, Tang J, Dasgupta P, et al. Full immersion simulation: validation of a distributed 
simulation environment for technical and non-technical skills training in Urology. BJU Int 2015; 
116: 156. 

 

  



67 
 

Peer Review 

The AUA appreciates the assistance of the persons and organizations listed below who contributed to 

the white paper by providing comments during the peer review process. Their reviews do not 

necessarily imply endorsement. 

Peter C. Albertsen, MD 
Sero Andonian, MD 
Peter E. Clark, MD 
Rodrigo Donalisio da Silva, MD 
Robert C. Flanigan, MD, FACS 
Pat F. Fulgham, MD, DABU, FACS 
E. Ann Gormley, MD 
Susan Hallbeck, PhD, PE, CPE 
Gwendolyn Hooper, PhD, APRN, CUNP/ Society of Urologic Nurses and Associates 
Adam K. Jacob, MD 
Barry A. Kogan, MD 
Janet Baack Kukreja, MD, MPH 
John S. Lam, MD, MBA, FACS 

Michael Lipkin, MD, MBA 
Bhalchandra G. Parulkar, MD 
Glenn M. Preminger, MD 
Joseph J. Schlesinger, MD 
Angela B. Smith, MD, FACS, MS 
Thomas F. Stringer, MD, FACS 
Chandru P. Sundaram, MD, FACS 
Martha K. Terris, MD  
Francis A. Wolf, MD 

 

 



68 
 

DISCLAIMER  

This document was written by the Optimizing Surgical Outcomes: Intraoperative Considerations 

workgroup of the American Urological Association Education and Research, Inc., which was created in 

2017. The Quality Improvement and Patient Safety (QIPS) Committee of the AUA selected the 

workgroup chair, and workgroup members were then selected by the chair. Membership of the 

workgroup included specialists in urology, anesthesiology, and nursing with extensive experience in 

intraoperative care for urologic surgery. The mission of the workgroup was to develop a comprehensive 

qualitative assessment of care for patients undergoing intraoperative surgery using existing literature 

and expert opinion where literature is not available.  

Funding of the workgroup was provided by the AUA. Workgroup members received no remuneration for 

their work. Each member of the Workgroup provides an ongoing conflict of interest disclosure to the 

AUA.  

While the white paper does not necessarily establish the standard of care, AUA seeks to recommend 

and encourage compliance by practitioners with current best practices related to the subject addressed 

by the paper. As medical knowledge expands and technology advances, the white paper will be 

reviewed to ensure its continued accuracy and relevance. White papers do not represent absolute 

mandates but are provisional proposals for treatment under the specific conditions described in each 

document. For all these reasons, the white papers do not pre-empt physician judgment in individual 

cases.  

Treating physicians must take into account variations in resources, and patient tolerances, needs, and 

preferences. Adherence to any white paper does not guarantee a successful outcome. The white paper 

text may include information or recommendations about certain drug uses (‘off label‘) that are not 

approved by the Food and Drug Administration (FDA), or about medications or substances not subject to 

the FDA approval process. AUA urges strict compliance with all government regulations and protocols 

for prescription and use of these substances. The physician is encouraged to carefully follow all available 

prescribing information about indications, contraindications, precautions and warnings. White papers 

are not intended to provide legal advice about use and misuse of these substances.  

Although white papers are intended to encourage best practices and potentially encompass available 

technologies with sufficient data as of close of the literature review, they are necessarily time-limited. 

White papers cannot include evaluation of all data on emerging technologies or management, including 

those that are FDA-approved, which may immediately come to represent accepted clinical practices.  

For this reason, the AUA does not regard technologies or management which are too new to be 

addressed by this white paper as necessarily experimental or investigational. 

 


