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Introduction: Wrong site surgery (WSS) is a preventable error. When these events do occur, they are often devastating to the patient, nursing staff, surgeon, and facility where the surgery was performed. Despite the implementation of protocols and checklists to reduce the occurrence of WSS, the rates are estimated to be unchanged.

Materials and Methods: An innovative technology was designed to prevent WSS through a systems-based approach. The StartBox Patient Safety System was utilized at six sites by 11 surgeons. The incidence of near misses and WSS was reviewed.

Results: The StartBox System was utilized for 487 orthopedic procedures including Spine, Sports Medicine, Hand, and Joint Replacement. There were no occurrences of WSS events. Over the course of these procedures, medical staff recorded 17 near misses utilizing the StartBox System.

Conclusions: StartBox successfully performed all tasks without technical errors and identified 17 near miss events. The use of this system resulted in the occurrence of zero wrong site surgeries.
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INTRODUCTION

Wrong site surgery (WSS) continues to plague medical facilities across the globe despite implementation of initiatives, checklists, and protocols. WSS refers to surgery that is incorrectly performed on the wrong side, wrong spine level, wrong anatomy, wrong patient, or the wrong procedure. Estimates on the incidence of WSS vary widely, ranging from 0.09 to 4.5 per 10,000 procedures (1–6). This potentially translates to between 683 and 34,000 wrong site surgeries per year based upon annual rates of surgical procedures in the United States. Attempting to put these wide ranges in context, Seiden suggests that WSS events occur 50 times a week or more (5); Clarke estimates that a 300-bed hospital can anticipate a report of a WSS event an average of once each (7); and Canale reports that orthopedic surgeons have a 25% chance of performing a WSS at least once in their career (8). The majority of errors are classified as wrong side, ranging from 70 to 81% of overall events (5, 7). Though small in number, the impact of WSS is large and may result in permanent injury to the patient, damaged reputations for the surgeon and surgical facility, and significantly increased medicolegal costs. When these events occur, they are often devastating to the patient, nursing staff, surgeon, and facility where the surgery was performed.

With the guidance of proper processes, checklists, and safeguards, the Joint Commission has declared that WSS is a preventable event that should never occur. In support of this expectation, the Joint Commission introduced a Universal Protocol in 2004 that provides guidelines for the fundamental elements of a WSS prevention protocol. The Universal Protocol includes requirements for marking of the surgical site, confirmation of patient identity, confirmation of the intended procedure, and review of these details among the surgical team during a time-out immediately prior to the start of surgery (9). While Universal Protocol guidelines are specific in content, implementation of the guidelines can vary widely across hospitals and surgery centers. Even when WSS prevention protocols are implemented, adherence to such protocols among staff members may not be consistent within a given facility or system (2). The Joint Commission provides causes for failures of safety protocols in the OR including distractions and rushing during time-outs (Table 1) (10). These factors may help explain the unchanging rates of WSS despite implementation of the Universal Protocol (4).


Table 1. Causes of wrong site surgery in the OR.
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MATERIALS AND METHODS

The StartBox Patient Safety System (StartBox, Atlanta, GA) is an innovative technology that was evaluated to assess its ability to prevent WSS. This evaluation was performed using cases performed by 11 surgeons at six sites with the StartBox System. The System collects procedure data including a description of the surgery, evaluation of any near misses or other safety benefits added to the case by StartBox, and postoperative evaluation of the occurrence of WSS events defined as any procedure performed at the wrong site including, incorrect procedures, and procedures performed on the wrong patient.

The StartBox System consists of a mobile software application, a safety-engineered blade delivery kit (BDK) and a data reporting tool. The software application of StartBox is an easy-to-implement, standardized platform that improves communication between the surgical team and the patient; between the surgeon's practice and surgical facility; and among care providers along the patient care continuum (Figure 1). The application can be loaded on an individual user's personal device, or pre-loaded on a dedicated device provided by the company. The application is compatible with both iOS (Apple) and Android operating systems. The StartBox System is initiated via the mobile application with an audio recording of the surgeon describing the planned procedure to the patient, including site and laterality. The audio file is uploaded to a cloud-based system and becomes accessible to all users of the system, serving as the central source of documentation for the planned surgery. Upon hospital check in, the StartBox patient record is referenced to confirm the correct procedure. Subsequently, the patient's hospital wristband is scanned and associated with a StartBox BDK labeled with a QR code that references the patient's unique procedure, site, and laterality. The packaging of the BDK is color-coded for ready identification of laterality: Lavender, for Left; Rose, for Right; Neutral Gray, for No Laterality (Figure 2). This color-coding is also used in the StartBox software application, which helps prevent the most common type of WSS. The saved audio recording of the decision for surgery is replayed in the preoperative holding area, and in the operating room where surgical personnel listen to the agreed-to procedure discussion just prior to the surgical time-out. At any time between initial consultation in clinic and the start of the procedure in the operation room, StartBox allows for additional voice recordings and playback to remove ambiguity and elaborate on a procedure. Any member of the medical staff can flag errors with the use of a No Go function in the StartBox application, which generates a real-time alert in the system, and all No Gos must be resolved before the surgery can be initiated. Immediately prior to surgery, the time-out, which includes identification of the patient, site of surgery, and procedure, is conducted as prescribed by the Universal Protocol. This time out is recorded by the application as an additional audio file that is saved to the cloud system to document this confirmation. Upon successful completion of time-out requirements, the BDK is placed on the sterile field. The BDK contains four sterile scalpel blades and delivers each blade in a safe manner, minimizing the potential for sharps injury (Figure 3). With the StartBox System, the BDK serves as a key constraint: the blade for first incision is not delivered to the surgeon until the patient's identity, correct procedure, correct site and correct laterality have been confirmed and documented by the surgical team during the time-out.


[image: Figure 1]
FIGURE 1. Use of the starBox system along the patient care continuum.
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FIGURE 2. Color-coded startBox blade delivery kits.
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FIGURE 3. StartBox blade delivery kit ejecting scalpel blades.


Upon completion of the procedure, the case data, including near misses, is stored and aggregated to generate predictive analytics related to future WSS prevention protocol improvements and training opportunities. Near misses related to WSS would include incorrectly booked surgery and improperly performed presurgical time-outs (11).

The study was carried out with sequential series at each site using retrospective, deidentified data. The system is designed to protect the confidentiality, availability, and integrity of personal health information as required by HIPAA and satisfy the compliance requirements of institutional ethics committees.



RESULTS

The StartBox System was utilized for 487 orthopedic procedures (Table 2). The procedure types include spine, sports medicine, hand, and joint replacement. There were no occurrences of WSS events.


Table 2. Count of procedures by type of result.
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Over the course of these procedures, medical staff recorded 17 No Gos (Table 3) in the StartBox System. Information for 16 of these cases was either corrected or overridden by the surgeon and successfully completed; one (1) case was postponed to a later date in order to confirm accuracy. The StartBox System was effective in preventing wrong site surgery for each of these near miss events.


Table 3. Count of No Go by type.
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Six (6) No Gos were due to inconsistent patient information including incorrect date of birth information, naming errors, and an incorrectly recorded sex. Six (6) No Gos were due to incorrect procedure information including site or description. Five (5) No Gos were due to laterality mismatch.

The majority of No Gos were recorded by the preop nurse at check-in on the day of surgery (9), followed by the circulating nurse in the OR (4) and the clinic scheduler (3). A surgeon recorded one No Go (Table 4).


Table 4. Count of No Gos by reporting individual or area.
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The following examples of No Gos are provided for illustration purposes. The First is a revision spine procedure where hardware was to be removed from the left side. The surgeon recorded this in the audio dictation, but the procedure record was saved with no laterality and it was scheduled similarly with no laterality. The preop nurse noted this inconsistency and registered a No Go in the StartBox System. Before the patient was prepared for surgery, the surgeon corrected the record to reflect the left-side approach and a matching Lavender StartBox BDK was paired. The surgical time-out was then completed correctly, and the procedure was conducted successfully.

A second example is a total knee arthroplasty intended for the right side. The procedure was later scheduled for the left side and was incorrectly approved by the patient via signed informed consent. On the day of surgery, the No Go was registered with the StartBox System and the team was notified. Due to the laterality discrepancy, the procedure was canceled. Subsequently, the right side was confirmed as the correct operative site.

Two final examples of No Gos were spine cases containing incorrect procedure information. The first had improperly transcribed levels. The inconsistency was flagged at preop (C7 was omitted in a C5, C6, and C7 posterior cervical fusion). The second was a spine case with a mismatched informed consent and dictated preoperative surgical plan (the informed consent described a discectomy and the preoperative surgical dictation described a fusion). The patient identified the error after listening to the dictation at the hospital before being prepped for surgery and inquired with the nurse, who then confirmed with the surgeon. The informed consent was then corrected at preop. Both of these procedures were successfully completed with the StartBox System.

Use of StartBox did not result in any reported impacts or use impedance to patient workflow at the clinic or hospital and there were no delays in surgery due to technical difficulties during the time-out or failure of the system to release a surgical blade after completion of the time-out.



DISCUSSION


Preventing Wrong Site Surgery

British psychologist James Reason suggested in his Swiss Cheese model of accident causation that catastrophic safety failures are almost never caused by isolated errors committed by individuals. Instead, most accidents result from multiple, smaller errors in environments (the holes in the cheese) with serious underlying system flaws. In this model, errors made by individuals result in disastrous consequences. Reason also emphasized that human error is inevitable, and that a systems approach can catch errors before they occur or block them from causing harm (12).

The Hierarchy of Intervention Effectiveness, first introduced in 1999 by the Institute for Safe Medication Practices, presents a risk management theory that ranks intervention methods from least to most effective. Human-focused interventions such as education, training, rules, policies, and checklists are rated toward the bottom of its scale (13). While not without value, these interventions are less reliable than system-focused interventions such as standardization and computerization. The most highly ranked intervention measures are forcing functions and constraints as they directly prevent the user from making a mistake, thus making them the most powerful and effective error prevention tools (14). Classic examples of forcing functions include a user being prevented from starting a car while it is in gear; or a user being prevented from starting a microwave with the door open (15).

Considering this background, current measures fall short in two categories. First, WSS prevention protocols do not address potential sources of error, according to the Swiss Cheese model. Moreover, relying on a checklist without computerization or constraints is an inferior and generally acknowledged less-effective means of error prevention.

With the end goal of improving WSS prevention protocols and ideally eliminating WSS altogether, the StartBox System was developed to enhance all three intervention methods. System-focused improvements include standardizing and streamlining workflows, as well as complementing existing electronic medical record systems. This system boosts human-oriented methods that contribute to effective communication, such as the huddle described in TeamSTEPPS (Team Strategies and Tools to Enhance Performance and Patient Safety) (16) as well as integrate the checklist recommended by the Universal Protocol (17). Finally, and most importantly, this system adds a physical forcing function as a final constraint prior to the point of no return (the surgical incision).

The goal of this study is to report the early experience using this innovative system comprising the recording of the decision for surgery, verification of the procedure record for all the constituents in the patient care continuum, confirmation of procedure accuracy during the surgery time out, and the use of a physical forcing function before the surgical incision.

In the clinical evaluation that is the focus of this report, StartBox was utilized with 487 procedures to standardize a process that is intended to prevent WSS. Users reported a good experience using the system, including the anecdotal feedback summarized in Table 5. Zero wrong site surgeries occurred.


Table 5. Summary of feedback from practitioners.
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Capturing Near Misses

Near misses, sometimes referred to as close calls or potential adverse events, are defined as acts of commission or omission that could have harmed the patient but did not cause harm as a result of chance, prevention or mitigation (18). Near miss analysis is the review of types and causes of error and an investigation of how those errors were mitigated. This type of analysis can contribute toward preventing never events, such as WSS (19).

As a surrogate for WSS, analysis of near miss events may allow organizations to examine the effectiveness of complex systems designed to prevent WSS, without such an event ever occurring (9). A system to capture and analyze near miss data would present a substantial opportunity to reduce or eliminate WSS.

The No Go function of the StartBox System was triggered in 17 of 487 (3%) registered procedures. Quantifying near misses is an important step in understanding the risk of WSS and facilitating a longitudinal review of modified systems and protocols to prevent errors. These errors could have been mitigated by standard prevention protocols, but likely not tracked or reported. Near miss analysis is rare (11). There is limited data on the frequency of near misses, which challenges the ability of institutions to examine existing safety systems. The StartBox System inherently captures this data and allows for near miss analysis. The data generated by the StartBox System may improve the safety of future procedures by identifying opportunities for improvement in communication, workflow, logistics, and training. It also provides a unique complement, rather than competitor, to current safety guidelines and protocols employed at any institution.

For example, in this study there were inconsistencies reported between how the procedure was defined by the surgeon during consultation with the patient preop, and how the hospital described it in its OR schedule. The StartBox System highlighted the differences and ensured a resolution through a change to the procedure description used by the hospital. Of particular concern for spine procedures is wrong-level surgeries. The StartBox System did highlight one near miss of this type, ensuring the correct level was performed. Furthermore, spinal procedures could be considered to have no laterality since they are performed generally on the midline of the body; however, there is frequent laterality to the pathology (e.g., left-sided disc herniation), requiring different room setup or approach to the spine after a midline incision. The StartBox System allowed for further precision to be communicated to the OR team by the surgeon, which was an improvement over previous processes. The system color-coding especially supported the awareness of procedure laterality (including room setup and approach) and contributed to the prevention of this frequent type of WSS.



Study Limitations

The number of patients in the study is small relative to the volume of surgical procedures at a given institution. The small number of patients limit an effective comparison between sites as well as perform any correlation analyses. Future studies with larger number of patients should provide better opportunity to do so. Additionally, the study at each site was conducted over a relatively short period of time, limiting the ability of the institution to perform in-depth analysis of the near misses and implement considerable systematic change or evaluate effectiveness of changes. Continued evaluation with an increasing number of patients over a longer period of time should help further the appreciation for the incidence of near misses and validate the StartBox System as a robust safety system for WSS prevention.




CONCLUSION

StartBox is designed to prevent wrong site surgery and capture near misses through a real-time, data-driven approach. The system is designed to complement safety checklists, standardize and streamline workflows, integrate computerization, and provide a final constraint to prevent WSS.

This evaluation included 487 surgical procedures during which StartBox successfully performed all tasks without technical errors and identified 17 near miss events that could have led to the occurrence of a wrong site surgery. Zero wrong site surgeries occurred in this study.
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