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      Abstract


      Introduction


      Robotic surgery is growing in popularity, but it is unclear whether the displacement of surgeon from the bedside affects outcomes when an unexpected and potentially catastrophic bleeding complication is encountered. This study aimed to compare the outcomes between the robotic and laparoscopic approaches when a surgical crisis was encountered during a major urologic procedure.


      Material and methods


      Using a nationwide database of patient-level billing data, we conducted a retrospective study of patients undergoing major urologic surgery (cystectomy, partial/radical nephrectomy, prostatectomy, and pyeloplasty) with concurrent surgical crisis between 2003 and 2013. Surgical crisis was defined as any blood transfusion on the day of index procedure along with the use of ≥ 3 suction canisters billed in the operating room. The primary outcome was 90-day major complication rates. Secondary outcomes were operating room time, length of stay, and 90-day readmission rates. Multivariable regression analyses were performed to evaluate the outcomes between robotic and laparoscopic approaches.


      Results


      A survey-weighted cohort of 582,844 patients was obtained, among which 0.23% encountered a surgical crisis (0.25% laparoscopic and 0.18% robotic). After adjusting for baseline characteristics, the robotic approach had higher odds of major complications (odds ratio: 2.6; p < 0.05) and longer operating room time (difference: 69 minutes; p < 0.05) than the laparoscopic approach; subgroup analysis revealed that this difference was most pronounced among in the healthiest patients (Charlson Comorbidity Index ≤ 1).


      Conclusions


      This study suggests potentially catastrophic surgical crises may be more difficult to manage with the robotic approach compared to the laparoscopic approach. The unique separation of patient and surgeon for the robotic procedure may thus benefit from additional training specifically to anticipate these rare events and improve outcomes for patients.
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      Introduction


      The United States Food and Drug Administration approved the da Vinci Surgical System (Intuitive Surgical, Inc., Sunnyvale, CA) for general laparoscopic surgery in 2000. While supporters of robotic technology argued that this system was an improvement over traditional laparoscopy, skeptics raised concerns. In particular, there was apprehension regarding the unique paradigm shift associated with the da Vinci robotic platform. Unlike traditional laparoscopic surgeries, the primary surgeon is seated at a console away from the patient and manipulates the robotic device docked to laparoscopic ports at the bedside. Critics felt that the surgeon lost independence and control, which could result in delays controlling a surgical catastrophe [1].


      Despite these concerns, the da Vinci robotic platform has gained widespread acceptance. In the urologic community, robotic surgery has become a mainstay for many procedures [2,3]. The adoption of this new technology has occurred in part because of the large body of literature showing that robot-assisted surgery is relatively safe [3-6]. Nevertheless, the specific patient safety question of whether the displaced surgeon setup negatively impacts outcomes in the event of an intra-operative surgical complication remains unexplored. Prior studies evaluating robotic technology have been limited - primarily focusing on mechanical failure, providing few details regarding long term outcomes, and being based on self-reported events from facilities and Intuitive Surgical [7-9].


      To clarify this issue, we studied surgical morbidity and mortality among major urologic procedures (cystectomy, partial/radical nephrectomy, prostatectomy, and pyeloplasty), which account for approximately 20% of robotic procedures in the United States [10]. This study aims to provide a better understanding of the implications of the da Vinci robotic platform on outcomes after an intraoperative surgical crisis as compared to the traditional laparoscopic approach. We also sought to propose a suggested algorithm which may be used to help address intraoperative surgical crisis during robotic cases.


      Materials and Methods


      Data source


      Patient-level billing data were obtained from the Premier Hospital Database (Premier Inc, Charlotte, NC) from January 1, 2003 through December 31, 2013. Premier captures approximately 20% of inpatient discharges from non-federal institutions in the United States. All procedures and diagnoses were identified using the International Classification of Diseases, 9th revision, Clinical Modification (ICD9). This study was exempt from institutional review board approval given the de-identified nature of the data.


      Study population


      Patients were identified in the Premier database if they had a primary procedure code for urologic procedures performed via laparoscopic and robotic approaches: partial nephrectomy (ICD9 55.44), radical nephrectomy (ICD9 55.51), pyeloplasty (ICD9 55.87), cystectomy (ICD9 57.71), or prostatectomy (ICD9 60.5). The cohort was further limited to patients who underwent elective procedures based on administrative codes to exclude 1) Urgent or emergent surgeries; 2) Individuals who had surgery in the prior 3 months, and 3 those with concomitant surgical procedures as these patients likely have an inherently elevated risk for morbidity and mortality. Eligible cases were categorized as open, laparoscopic, and robotic approaches based on regular expression matching techniques following review of the chargemaster data [11]; open procedures were excluded.


      We defined "surgical crisis" as significant intraoperative blood loss. Because there is no single ICD9 or administrative code to identify this specific clinical scenario, we reviewed the chargemaster data to flag patients who received a blood transfusion on the day of index procedure and required the use of ≥ 3 suction canisters in the operating room. The rationale for the above algorithm is based on the idea that laparoscopic and robotic procedure typically have relatively minimal blood loss and uncommonly involve copious irrigation thus the need for blood transfusion and an unusually high number of suction canisters would be limited to those patients with significant intraoperative blood loss.


      Patient, hospital and surgical characteristics


      Patient characteristics included age ( < 50, 50 to 59, 60 to 69, and ≥ 70 years), gender (male or female), race (White, Black, Hispanic, and Other), Charlson Comorbidity Index (CCI) (0, 1, and ≥ 2), and insurance type (Medicare, Medicaid, private insurance, and other). Hospital characteristics included teaching status (teaching or non-teaching), location (urban or not urban), hospital size (< 200, 200 to 399, and ≥ 400 beds) and United States Census geographic region (Midwest, Northeast, South, and West). Surgical characteristics included the type of index surgery (cystectomy, partial/radical nephrectomy, prostatectomy, or pyeloplasty).


      Perioperative outcomes


      The primary outcome was the rate of major post-operative complications up to 90 days after the index surgery. We identified the post-operative complications using ICD9 codes, which were further classified into no (grade 0), minor (grades I and II) and major (grades III to V) complications using the Clavien-Dindo system as described previously [12]. Outpatient complications were excluded due to the inability to reliably capture these in the data set. Secondary outcomes were operating room time, length of stay, and 90-day readmission rate. Billing data were used to determine the total time in the operating room. Length of stay was determined by calculating the number of days between admission and discharge dates.


      Statistical analysis


      Descriptive statistics were used to summarize patient, hospital, and surgical characteristics along with complication and readmission rates. Categorical variables were compared between laparoscopic and robotic approaches using the Chi-square test. We performed univariate quantile regression analysis for operating room time and negative binomial regression analysis for length of stay using the laparoscopic approach as the reference group. We also performed multivariate logistic regression for 90-day major complications and readmissions, generalized linear regression with a gamma distribution for operating room time, and negative binomial regression for length of stay, adjusting for patient, hospital, and surgical characteristics. All analyses incorporated survey weights and adjusted for hospital clustering. Data analyses were performed using Stata SE version12 (StataCorp LLC, College Station, TX). The level of significance was set at p < 0.05.


      Robotic surgery crisis flowchart


      To help address how to best handle the issue of intraoperative surgical crisis during robotic procedures, the primary study authors created a flowchart to serve as a guide for initial management. This was then presented to a broader group of attending robotic surgeons at our collaborating institutions. The Delphi method was used to gain consensus between all surgeons, with a cutoff of 80% agreement for each bullet point [13]. The website SurveyGizmo (http://surveygizmo.com, SurveyGizmo, Boulder, CO) was then used to query experts throughout the field and solicit anonymous responses/suggestions to improve the flowchart. This survey process underwent two separate iterations before arriving at the final consensus flowchart.


      Results


      We evaluated a weighted cohort of 582,844 minimally invasive surgeries based on a total of 92,954 observations in the Premier dataset. Of these, 0.23% encountered a surgical crisis (0.25% laparoscopic, and 0.18% robotic) based on our algorithm yielding a final cohort of 1,317 patients (829 laparoscopic, and 488 robotic). Most patients with a crisis were at least 60-years-old, male, white, had a CCI < 2, and had Medicare insurance (Table 1). There was no significant difference in patient characteristics between the two minimally invasive surgical approaches. Most hospitals had > 200 beds and were located in urban areas. Compared to the laparoscopic approach, the robotic approach was more likely to be used in larger hospitals (p = 0.02) and in the Midwest region of the United States (p = 0.04). A trend toward increased use in teaching hospitals was seen, but did not reach significance (p = 0.054). Surgical crises mostly occurred during prostatectomy for the robotic approach compared to partial nephrectomy for the laparoscopic approach (p = 0.02).


      Among patients in the study cohort, robotic surgeries, compared to laparoscopic surgeries, were found to have significantly higher unadjusted 90-day major complication rates (21.5% vs. 12.7%, p < 0.05), longer median operating room times (363 vs. 252 minutes, p < 0.05), and higher 90-day readmission rates (13.8% vs. 8.1%, p < 0.05). After adjusting for patient, hospital, and surgical characteristics, the robotic approach continued to have a higher odds of 90-day major complications (OR 2.6, p < 0.05) and longer median operating room time (+69 minutes; p < 0.05) as compared to the laparoscopic approach (Table 2 and Table 3). No statistically significant difference was found in either length of stay or 90-day readmission rate.


      When stratifying based on CCI, the adjusted probability of 90-day major complication was statistically significantly higher for the robotic approach as compared to the laparoscopic approach in healthy patients (CCI ≤ 1) while there was no difference between surgical approaches was noted for those patients with a CCI ≥ 2 (Figure 1).


      Subgroup analysis was performed to assess for differences in outcomes following surgical crisis among the individual procedure types. For those undergoing partial or radical nephrectomy, robotic surgery was associated with a significantly increased odds of adjusted 90-day major complication (OR 3.3, p = 0.01). Conversely, no difference was seen between the two surgical approaches for those undergoing prostatectomy (OR 1.0, p = 0.99). Too few observations were present to perform a subgroup analysis for cystectomy or pyeloplasty.


      A procedural flowchart of how to best address intraoperative surgical crisis was devised by the primary study authors. This was then revised through an iterative process consulting with multiple experts at multiple institutions, resulting in the final flowchart presented in Figure 2.


      Discussion


      To our knowledge, this is the first population-based study of intraoperative surgical crisis associated with use of the da Vinci robotic platform which specifically looks at intra- and post-operative patient outcomes. Our analysis found that encountering a surgical crisis during major urologic surgery is very uncommon occurring in 0.23% of cases. However, this study revealed that utilizing a robotic approach was associated with an increased risk of 90-day major complications when compared to procedures performed with the conventional laparoscopic approach among patients who experienced a surgical crisis.


      Because of the rarity of this type of event, we capitalized on the granular data in the Premier Hospital Database, a detailed nationwide discharge and billing database, to generate a cohort of sufficient size to perform a meaningful analysis. As rates of surgical crisis during minimally invasive procedures are relatively low, single- or multi-institutional series would likely lack the power to assess differences in outcomes. While the FDA MAUDE database attempts to collect adverse events nationwide, this data is electively submitted by medical facilities and is susceptible to reporting bias [9]. Additionally, use of the Premier database allows for tracking of unique patient identifiers which facilitates more accurate capture of 90-day complication rates.


      Numerous critiques have been leveled at the master-slave configuration of the da Vinci system. First and foremost, the physical distance between the surgeon and the operative field has been viewed as a potential barrier to early recognition of, and response to, an injury or crisis [14,15]. This displacement of surgeon from bedside necessitates the surgeon become largely reliant on the ability and efficiency of their bedside assistant in carrying out many of the critical and time-sensitive technical aspects of mitigating a surgical crisis [1]. Even with a skilled and experienced assistant, the size, position, and relative immobility of the robotic platform itself may result in delays in clearing the operative field [16]. This has been previously shown in simulation work done on intra-operative cardiac emergency [17,18].


      Due to the retrospective nature of the study design, we are unable to determine causation for the observed findings of the current study. However, we feel that it is reasonable to assume that the separation of surgeon from patient in robotic procedures likely contribute to the overall poorer outcomes following a surgical crisis during robotic surgery. It is plausible that a laparoscopic surgeon may minimize the sequela of an intraoperative crisis by being able to immediately convert to an open procedure to address ongoing bleeding. Conversely, with the robotic approach, smaller crises may evolve into larger ones in the time needed to undock the robot and have the primary surgeon scrub back into the case after leaving the console.


      Interestingly, in this study we found a higher probability of major complications in the robotic approach among healthier patients but not less healthy patients (Figure 1). One possible explanation is that there are relatively fewer patients with significant comorbidities undergoing a robotic approach and thus it was not possible to discern a difference among those less healthy patients. Alternatively, we speculate that among healthier patients, there was a greater tolerance for blood loss potentially delaying conversion to an open procedure which, in turn, accentuated the problems of separating surgeon from patient thus increasing the risk of a poor outcome.


      There exist a number of limitations to this study. The retrospective nature of this review and the use of an already populated commercial database limits what information we have available for analysis. Specifically, no data was available regarding pre-operative characterization of the patient disease status beyond generalized diagnosis codes. Without disease severity information (such as stage and grade for cancers), we lose some amount of resolution and introduce potential for unmeasured confounders. Another significant limitation in this study is in how we define "surgical crisis". The decision to use operative day transfusion in concert with ≥ 3 suction canisters used during the procedure limits us to hemorrhagic crises. This would, then, suggest that we may not be capturing all people due to our patient selection criteria.


      Despite these limitations, and in light of the now widespread adoption of robotic surgery, our findings of worsened outcomes for those encountering surgical crisis during robotic procedures suggest this is an area ripe with potential for process improvement. Other authors have also seen this opportunity, with studies already published suggesting helpful intraoperative techniques to mitigate surgical crises [19,20]. Though these technical maneuvers are useful, we sought to address the issue in a more process driven manner with the creation of a robotic surgical crisis flowchart (Figure 2). The potential for success using a standardized process model is likely best exemplified by Gawande and colleagues' implementation of the surgical 'checklist' that we have all come to use as a standard of care. These safety checklists have been linked to improved patient outcomes in day-to-day operations, and have also been adapted to robotic surgery [21,22]. Similarly, checklists developed for intraoperative crises have been shown to improve adherence to critical steps even in the high stress environment of a simulated surgical crisis [23]. Garg, et al. have developed a similar checklist specifically pertaining to robotic crisis and implemented it in a simulated crisis environment [24]. Despite their reported success, these checklists tend to be brief and institution-specific making it difficult to adapt them to outside institutions. Therefore, we worked to develop a surgical crisis flowchart (Figure 2) to assist in the training of less experienced surgeons (i.e. house staff) in dealing with robotic surgical crises.


      Conclusions


      Though surgical crises during urologic procedures are rare events, we must continue to shed light on the issue and strive to broaden our understanding of its causes. This study provides thought-provoking conclusions that crises encountered during procedures performed via the robotic approach may carry with them worsened post-operative outcomes. As robotic surgery is here to stay, we should view this disparity as an area for improvement within our field. We hope that better training, including use of tools such as our surgical crisis flowchart, can help to minimize the risk of intraoperative robotic surgical crises and improve outcomes when such a crisis does occur.
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        Figure 1: Adjusted probability for 90-Day major complications, stratified by Health Status. Multivariable logistic regression was used, adjusting for age, Charlson Comorbidity Index, insurance status, hospital type, location, size, region, and procedure type. View Figure 1
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