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Abstract

Background: Many advances in perioperative patient safety have been inspired by the aviation industry. One key protocol from aviation that has yet to be formally established in the operating room (OR) is the ‘sterile cockpit’ rule, which prohibits all non-essential behavior and actions during critical phases of a flight. It has been suggested that the application of a sterile cockpit rule to healthcare could have similar benefits for patient safety;1,2 yet, it remains unclear as to which phases of the surgical process are the most critical.  

Methods: After ethical approval, we will use a modified Delphi method to identify the critical moments of the surgical process according to OR team members across institutions, professions and specialties. Providers will be asked to identify the critical moments of surgery relevant to  their professional perspective. At least 140 participants will be recruited, with iterative web-based surveys administered. Analysis and consensus will take place after each round. The stopping criterion will be either consensus on 80% of the survey items or no change in the mean score for any individual item between two consecutive rounds among each profession. 

Significance: Defining critical moments during surgery will allow future research to determine the relative importance of behavior and actions at each stage. This can potentially enhance the effectiveness of future interventions by enabling the most important moments to be targeted. As a result, interventions to reduce medical errors linked to poor surgical patient outcomes may be greatly enhanced.

Background

Many advances in perioperative patient safety have been inspired by other high-risk industries such as aviation.2–4 While the OR has significantly benefited from these advances (e.g. crew resource management and team training, use of checklists, simulation), the rate of avoidable surgical errors remains relatively high.2,5,6 Most of these errors are due to human factors and are preventable.6–8,9 It is therefore necessary to explore additional safety actions or techniques that can be adapted to the OR to improve patient outcomes.

One key protocol from aviation that has yet to be formally established in the OR is the ‘sterile cockpit’ rule.10 This rule prohibits all non-essential behavior/actions (e.g. irrelevant communication) during critical phases of a flight, e.g. below 10,000 feet.10 It has been suggested that the application of a sterile cockpit rule to healthcare could have similar benefits for patient safety;1,2 yet, it remains unclear as to which phases of the surgical process are the most critical. 

While previous studies have identified critical stages of specific surgeries for communication (e.g. initiation of cardiopulmonary bypass during cardiovascular surgery),11 a definition of key operative intervals applicable across surgical procedures is absent from the current literature. Identifying critical and non-critical phases of surgery could have important implications for better shared mental models among team members, standardized protocols and patient safety. For example, there may be certain phases of an operation where using closed-loop communication (CLC)12–16 may prevent avoidable medical errors, while CLC may be less important at other times. There could also be operative phases when the room must be silent while at other times noise (e.g. music, case-irrelevant conversation) could be acceptable from a patient safety perspective. Before we can understand the importance of certain behaviours/actions by OR team members at different surgical phases, it is necessary to precisely define these moments. 

We aim to determine critical times of surgical procedures relevant to all professions (nurses, anesthesiologists, surgeons) and within each profession. Findings will inform future research to determine the relative importance of healthcare professional behavior and actions at each operative stage. This may potentially enhance the effectiveness of future interventions by enabling the most important moments to be targeted and as a result, optimize patient safety in the OR.


Methods
Ethical approval will be obtained from the Ottawa Health Sciences Network Research Ethics Board (OHSN-REB).

We will use a modified Delphi method to identify critical moments of the surgical process. The “Surgery” phase of interest in this study is defined as the period from when the patient enters the OR until the patient leaves the OR for the postoperative recovery area. The Delphi approach is a widely used, rigorous and accepted method in healthcare for obtaining expert consensus through an iterative ranking process.17 We will utilize web-based surveys rather than an in-person consensus meeting to facilitate participation among diverse healthcare professionals who often have busy and conflicting schedules.17 

Voting Guide Development: Appendix 1 provides a draft of the initial Delphi survey which has been assembled by the team of co-investigators who are clinicians from nursing, anesthesiology and surgery. The Delphi survey will provide a brief description of our goals and the context for the survey. We will pilot test the survey with 6 members of the target population to ensure it is comprehensible, interpreted consistently across respondents, and provides enough information to allow respondents to make informed decisions. The listed phases may change slightly depending on our pilot. 

Sample: Our target population will be all members of the operative team: circulating and scrub nurses, anesthesiologists, nurse anesthetists, anesthesia assistants, surgeons, physician assistants and trainees of these professions. We aim to recruit participants from hospitals internationally across a broad range of surgical departments. To do so, the study will be advertised widely on the PI’s professional social media accounts (e.g. Facebook, Twitter). We will also implement a snowball sampling technique to maximize recruitment from other national and international institutions. As such, each participant will be offered the possibility to forward the survey to their colleagues. 

The Research Associate (NE) will send a recruitment email to the administrative assistant of each department (surgery, anesthesia, nursing) at The Ottawa Hospital. The administrative assistant will forward the email to all potential participants in their department.

Estimates of appropriate sample sizes for Delphi processes differ depending on the makeup of the target population. Where participants have similar training and expertise, smaller sample sizes (20-30) can yield stable response characteristics.18 With more heterogeneous groups, evidence suggests that sample sizes over 65 can be treated as normally distributed.19 Therefore, we aim to recruit at least 70 participants who complete all rounds. Assuming a conservative 30% response rate at each round, we plan to sample at least 800 healthcare professionals in the first round (800 x 0.30 x 0.30 = 72). Recruiting a diverse group of healthcare professionals will allow us to identify generic critical moments applicable across a range of surgical procedures and professions, rather than critical moments relevant to a specific surgery and profession. We will stop recruitment either after we collected the sample size targeted at each round (Round 1: 800; Round 2: 240; Round 3: 70) or after 3 months.

Delphi Survey Administration: Participation in the Delphi process will involve two web-based surveys, with the possibility of a third one. The survey will be administered via SurveyMonkey using a secure server. The link will be advertised on social media and will also be emailed by the Research Associate (NE) to the administrative assistant of each surgical department at The Ottawa Hospital, who will then forward the email to their respective physicians. The same email will also be sent to the perioperative nurse manager, who will then forward the email to all nursing staff. The PI (a staff anesthesiologist) will also forward this email to the anesthesia department. Participants who chose to participate in the survey by clicking on the survey link will be prompted with an online Letter of Information and Consent form. A reminder email will be sent at the 1-week mark, with a reminder/link attached provided at Week 2 and Week 3.20 Participants will be required to create a username and password to ensure their participation can be tracked across each survey round.

Based on information in the survey, participants will be asked to vote on how critical each phase of the operation is for patient safety. Participants will make their ratings on a scale of 1 (least critical)-5 (most critical) for a pre-determined list of items.  Participants will also be able to indicate ‘unable to judge’ and will be able to add and rank surgical phases as they fit. Participants will be provided with space to make additional comments at the end of the survey.

We will seek to maximize response rates by providing a monetary incentive. We expect the first-round voting document to take about 15-20 minutes. Completion of all rounds will qualify participants for entry into a draw to win a $200 (CAD) Visa gift card. 

Participant responses status will be tracked using a log record to determine which participants will receive later survey contacts. The participant log will be password protected and stored on a secure server separate from the data file. Each completed questionnaire will be assigned a unique ID number. Survey data will be entered into an SPSS database by the Research Associate. All data files will be password protected and stored on a secure server. 

Analysis and Consensus: The research team will determine the relevance of new items suggested by participants for the second round. These phases will then be summarized and added to the list. Surveys for the second to final rounds will include problematic items (i.e. phases where there was no clear agreement).  Qualitative survey data (open-ended comments) will be analyzed by two team members using content analysis. In the event of clear disagreement about an item (i.e. if 30% or more of an operative phase’s ratings are in the lower third and 30% of ratings are in the upper third),21 qualitative comments will be selected to reflect both viewpoints. Second-round participants will also be provided with a further open-ended field for additional comments. Phases for which 75% of participants rate as being in the lower third of criticality will be removed from voting to reduce response voting, but will be summarized for participant informational purposes. As a result, participants will be able to reconsider their opinions about each operative phase in the context of the broader group’s opinions.

If clear disagreement remains about the criticality of more than 30% of the items, a third round survey will be conducted (similar to the second round process). The stopping criterion will be either consensus on 80% of items by professional group (defined by the W statistic of <0.8) or no change in the mean score for any individual operative phase between two consecutive rounds by professional group. Previous research indicates that three rounds are typically adequate to determine points of consensus.22,23 In the unlikely event that consensus is not reached after round 3, survey administration will continue until it is attained. 

Implications
A large proportion of surgical errors and complications result from human factors and are preventable. One solution to reduce human error in aviation has been the sterile cockpit rule, prohibiting non-essential behaviours and actions during critical phases of a flight. Given the similarities between aviation and the OR, it is likely that the adaptation of a similar rule during surgery could be beneficial. However, these critical moments in the OR have yet to be generally defined.

Defining key time intervals during surgery will allow future research to determine the relative importance of certain actions and behaviours at each stage. This can potentially enhance the effectiveness of future interventions by enabling the most important moments for actions/behaviours to be targeted. As a result, medical errors and poor surgical patient outcomes can be greatly reduced.

Timeline

A proposed timeline is outlined below. 
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Appendix 1: Draft Initial Delphi Survey

[bookmark: _GoBack](First page)

What are the most critical moments in surgery for patient safety?

In aviation, the ‘sterile cockpit rule’ prohibits all non-essential behavior/actions (e.g. irrelevant communication) during critical phases of a flight (e.g. below 10,000 feet). 

It has been suggested that the application of a similar rule to healthcare could be beneficial to patient safety; yet it remains unclear as to which phases of the surgical process are the most critical. 

We are looking for healthcare professionals who work in the OR (circulating and scrub nurses, anesthesiologists, nurse anesthetists, anesthesia assistants, surgeons, physician assistants and trainees of these professions) to help by completing an online survey..

Learn more about how you can help us define critical moments of surgery to ultimately improve practice and patient safety, and get a chance to win a $200 (CAD) Visa gift card.


(Second page)

Your participation in this Delphi survey will help us to determine which phases of a surgical procedure are the most and least critical. 

We will then be able to determine the importance of certain behaviours and actions by OR team members at different surgical phases. 

This questionnaire is the first round of the survey. The number of rounds will be determined based on response agreement, but will most likely involve a total of 3. If you participate in the first round of the survey, you will be asked to participate in all subsequent rounds. 

You will be asked to create a username and password. Please make note of these as you will need them for each survey round. 

 It will take approximately 15 minutes to complete each round. Your participation in this study is completely voluntary. You can choose not to participate, or decide to participate now and then change your mind without loss of any benefit that you are otherwise entitled to. Participation and your individual responses will remain confidential.


If you complete all rounds, you can choose to be entered into a draw for a $200 (CAD) Visa gift card.

By completing this survey, your consent to participate in this study is implied. 

(Third page)

INSTRUCTIONS:
· Rank the surgical phases provided according to how critical they are for patient safety.
· If you feel any phases are missing, add these phases in the space provided and rank them accordingly. Please include only generic phases and not phases specific to a particular surgery.
· Answer all questions with a ranking number.
· A space is also provided for you to provide additional comments. 

We will also ask you to provide some brief demographic information and to forward the survey link to your colleagues (optional). 

Once we have received responses from all participants, we will collate and summarize the findings and develop the second questionnaire. You should receive this within 60 days. 

(Fourth page)

1. Please select your profession:
· Physician Anesthesiologist
· Nurse Anesthetist
· Anesthesia Assistant
· Physician Surgeon
· Circulating Nurse
· Scrub Nurse
· Other (Specify): ___________

2. Are you a trainee?
· Yes
· No

3. Please indicate the specialty you work in (check all that apply):
· Cardiac surgery
· ENT 
· General surgery
· Obstetrics/Gynecology
· Ophthalmology 
· Neurosurgery
· Orthopedic surgery
· Plastic surgery
· Thoracic surgery
· Urology
· Vascular surgery
· Other (specify): 

4. Please indicate the country in which you are currently practicing: (***DROP DOWN MENU***)
· Canada
· United States
· Afghanistan
· Albania
· Algeria
· Andorra
· Angola
· Antigua and Barbuda
· Argentina
· Armenia
· Aruba
· Australia
· Austria
· Azerbaijan
· Bahamas, The
· Bahrain
· Bangladesh
· Barbados
· Belarus
· Belgium
· Belize
· Benin
· Bhutan
· Bolivia
· Bosnia and Herzegovina
· Botswana
· Brazil
· Brunei 
· Bulgaria
· Burkina Faso
· Burma
· Burundi
· Cambodia
· Cameroon
· Cabo Verde
· Central African Republic
· Chad
· Chile
· China
· Colombia
· Comoros
· Congo, Democratic Republic of the
· Congo, Republic of the
· Costa Rica
· Cote d'Ivoire
· Croatia
· Cuba
· Curacao
· Cyprus
· Czechia
· Denmark
· Djibouti
· Dominica
· Dominican Republic
· East Timor (see Timor-Leste)
· Ecuador
· Egypt
· El Salvador
· Equatorial Guinea
· Eritrea
· Estonia
· Ethiopia
· Fiji
· Finland
· France
· Gabon
· Gambia, The
· Georgia
· Germany
· Ghana
· Greece
· Grenada
· Guatemala
· Guinea
· Guinea-Bissau
· Guyana
· Haiti
· Holy See
· Honduras
· Hong Kong
· Hungary
· Iceland
· India
· Indonesia
· Iran
· Iraq
· Ireland
· Israel
· Italy
· Jamaica
· Japan
· Jordan
· Kazakhstan
· Kenya
· Kiribati
· Korea, North
· Korea, South
· Kosovo
· Kuwait
· Kyrgyzstan
· Laos
· Latvia
· Lebanon
· Lesotho
· Liberia
· Libya
· Liechtenstein
· Lithuania
· Luxembourg
· Macau
· Macedonia
· Madagascar
· Malawi
· Malaysia
· Maldives
· Mali
· Malta
· Marshall Islands
· Mauritania
· Mauritius
· Mexico
· Micronesia
· Moldova
· Monaco
· Mongolia
· Montenegro
· Morocco
· Mozambique
· Namibia
· Nauru
· Nepal
· Netherlands
· New Zealand
· Nicaragua
· Niger
· Nigeria
· North Korea
· Norway
· Oman
· Pakistan
· Palau
· Palestinian Territories
· Panama
· Papua New Guinea
· Paraguay
· Peru
· Philippines
· Poland
· Portugal
· Qatar
· Romania
· Russia
· Rwanda
· Saint Kitts and Nevis
· Saint Lucia
· Saint Vincent and the Grenadines
· Samoa 
· San Marino
· Sao Tome and Principe
· Saudi Arabia
· Senegal
· Serbia
· Seychelles
· Sierra Leone
· Singapore
· Sint Maarten
· Slovakia
· Slovenia
· Solomon Islands
· Somalia
· South Africa
· South Korea
· South Sudan
· Spain
· Sri Lanka
· Sudan
· Suriname
· Swaziland
· Sweden
· Switzerland
· Syria
· Taiwan
· Tajikistan
· Tanzania
· Thailand
· Timor-Leste
· Togo
· Tonga
· Trinidad and Tobago
· Tunisia
· Turkey
· Turkmenistan
· Tuvalu
· Uganda
· Ukraine
· United Arab Emirates
· United Kingdom
· Uruguay
· Uzbekistan
· Vanuatu
· Venezuela
· Vietnam
· Yemen
· Zambia
· Zimbabwe 

5. How many post-training years of experience do you have? _____











(Fifth page)

6. Please rate each of the phases below in terms of how critical they are for patient safety from your perspective.

Please add AND rank any generic phases you feel are missing (not phases specific to a particular surgery).

1 indicates least critical and 5 indicates most critical: 
· Most critical: it is important to be fully attentive and not do any unrelated task or else patient safety would be seriously threatened (i.e. could result in a serious complication, adverse outcome, or death).
· Least critical: it is NOT that important to be fully attentive and not do any unrelated task and this would NOT seriously threaten patient safety (i.e. would most likely NOT result in a serious complication, adverse outcome, or death). 

	Surgical Phase 
	Rating 
(1=least critical; 5=most critical)

	IF UNABLE TO JUDGE: Please explain why you indicated “unable to judge”

	Induction of anesthesia
	 1  2  3  4  5  Unable to judge
	

	Emergence from anesthesia
	 1  2  3  4  5  Unable to judge
	

	Introduction of Trocars
	 1  2  3  4  5  Unable to judge
	

	Surgical incision
	 1  2  3  4  5  Unable to judge
	

	Delicate dissection 
	 1  2  3  4  5  Unable to judge
	

	Painful surgical time
	 1  2  3  4  5  Unable to judge
	

	Surgical Time Out(s)
	 1  2  3  4  5  Unable to judge
	

	Checking of special energy devices or equipment needed for the case
	 1  2  3  4  5  Unable to judge
	

	Initial count
	 1  2  3  4  5  Unable to judge
	

	Patient positioning
	 1  2  3  4  5  Unable to judge
	

	Checking of surgical implants
	 1  2  3  4  5  Unable to judge
	

	Confirming/handing off specimens
	 1  2  3  4  5  Unable to judge
	

	Closing counts
	 1  2  3  4  5  Unable to judge
	

	Surgical debrief
	 1  2  3  4  5  Unable to judge
	

	Any intraoperative events (bleeding, thermal injury, mechanical injury, ischemic injury)
	 1  2  3  4  5  Unable to judge
	

	Severe intraoperative events
	 1  2  3  4  5  Unable to judge
	

	Anastomosis
	 1  2  3  4  5  Unable to judge
	

	Time periods with high OR personnel traffic 
	 1  2  3  4  5  Unable to judge
	

	Use of stapling device
	 1  2  3  4  5  Unable to judge
	

	Inspection before closing
	 1  2  3  4  5  Unable to judge
	

	Closing
	 1  2  3  4  5  Unable to judge
	

	Patient transport to PACU
	 1  2  3  4  5  Unable to judge
	

	Hand-off communication with PACU
	 1  2  3  4  5  Unable to judge
	

	Time period with absence of critical OR member(s) [attending anesthesiologist, attending surgeon and assistant, circulating and scrub nurse (5 members)]
	 1  2  3  4  5  Unable to judge
	




7. If you have any further comments, please list them below:
______________________________________________________________________________
____________________________________________________________________________________________________________________________________________________________


PLEASE FORWARD THIS LINK TO YOUR COLLEAGUES: (survey link)



