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Background: Timing of endovascular treatment (EVT) for acute ischemic stroke (AIS) is important for achieving improved patient outcomes. Studies have evaluated how the type of anesthesia administered may impact the timing of EVT for AIS and patient outcomes, but there is limited data regarding how the presence of an anesthesia team can influence these metrics. Against this background, this study aims to compare time metrics and patient outcomes pre- vs. postroutine involvement of a dedicated anesthesia team dealing with EVT cases.



Methods: All patients at our institution who were between 18 and 100 years of age and evaluated for stroke and determined to be candidates for EVT during the period between November 2018 and November 2020 were considered for this study. Time metrics associated with EVT, which are commonly tracked by stroke centers, were compared pre- vs. postroutine involvement of a dedicated anesthesia team dealing with EVT cases. Secondary outcomes were a modified Rankin scale at time of discharge, an NIH Stroke Scale score at time of presentation and discharge, and incidence of intraprocedural hypotension.



Results: A total of 255 patients were included. A comparison of pre- (n = 119) vs. postneuroanesthesia team involvement (n = 136) in EVT for AIS revealed a statistically significant decrease in median time from puncture to TICI score >2b in the in-house group from 49.00 min preinvolvement to 23.00 min postinvolvement (P = 0.02) and puncture to TICI >2b (39.5 vs. 34 min, P = 0.01) for all patient categories when controlling for anesthesia type. The rate of incidence of intraprocedural hypotension (mean arterial pressure < 65 mmHg) also decreased significantly from 79% to 44% (P = 0.04), although it was not significant when controlling for anesthesia type (P = 0.05).



Conclusions: Routine involvement of a dedicated anesthesia team for EVT in patients with AIS could potentially improve stroke metrics and patient outcomes, although more studies are necessary to validate this model of care.
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Introduction

Endovascular treatment (EVT) of strokes allows for clots to be retrieved or dissolved through clot retrieval devices or a tissue plasminogen activator (tPA), respectively, even after the window for intravenous tPA expires. Studies have shown that decreased time to the start of EVT and decreased time to reperfusion during EVT are associated with better clinical outcomes, including a higher level of functional independence, decreased incidence of intracranial hemorrhage, and decreased or neutral effects on mortality (1–3). In addition, a large pool of studies has evaluated how anesthesia type [general anesthesia (GA) vs. conscious sedation (CS)] may influence both patient outcomes and timing of EVT for acute ischemic stroke (AIS) (4–9). For instance, induction time associated with general anesthesia could lead to a delayed start of procedures, or patient movement under conscious sedation could lead to procedure complications that may cause further delays in timing that could impact outcomes (4, 5). While studies have shown the importance of decreasing time to the start of EVT, there is limited data regarding how a routine involvement of a dedicated anesthesia team may influence stroke metrics and patient outcomes.

The Society of Neuroscience in Anesthesiology and Critical Care (SNACC) guidelines state the following: “given the emergent and complex nature of the interventional procedures for AIS, frequent association of multiple comorbidities in stroke patients, and the need for strict hemodynamic management and ensuring homeostasis, an anesthesiologist/anesthesia team should be present to provide sedation and hemodynamic monitoring” (10). At our comprehensive stroke center, there was no routine involvement of an anesthesia team for EVT of strokes prior to November 2019, in which patients received conscious sedation by a procedure nurse. Our neuroanesthesia team became involved only if there was inadvertent oversedation, excessive patient movement, significant patient comorbidities, or inability to protect the patient's airway. Evaluating the patient mid-procedure, sedating, or inducing general anesthesia, and securing an airway mid-EVT are all not ideal clinical practices; thus, it was determined that the in-house anesthesia team would anesthetize every EVT case for AIS. Against this background, this study aims to compare stroke time metrics and other stroke data pre- vs. postroutine involvement of a dedicated anesthesia team for EVT cases to determine whether having such a team will improve patient outcomes (1, 2).



Materials and methods

Our Institutional Review Board waived the requirement for informed consent because of the retrospective nature of this study. The primary study objectives were to compare the following time metrics pre- vs. postroutine anesthesia team involvement for the treatment of AIS with EVT: (1) door-to-arrival in interventional radiology (IR), (2) IR arrival-to-puncture, and (3) puncture-to-satisfactory thrombolysis in cerebral infarction scale (TICI) defined as >2b. Additional outcomes included the incidence of intraprocedural hypotension [mean arterial pressure (MAP) < 65 mmHg], a National Institute of Health Stroke Scale (NIHSS) score at presentation and time of discharge, and a modified Rankin scale (mRS) score at time of discharge (11, 12). The type of anesthesia administered [conscious sedation, general anesthesia, or monitored anesthesia care (MAC)] was also recorded.

Patient data for all specified outcomes were obtained from our institution's stroke center intervention reports and patient medical records. All patients aged between 18 and 100 years with AIS who were determined to be candidates for EVT between 6 November 2018 and 6 November 2020 were considered for inclusion in the study. Patients with incorrect information or inaccessible and/or duplicate charts were excluded from the study. Patients were also excluded if they were enrolled in other studies or initially considered for EVT but only had an angiogram and/or IV tPA. The included patients were categorized into either the pre- or postroutine anesthesia team involvement group. Data were also subcategorized based on the patients’ arrival type: emergency department (ED), transfer, or in-house. The first two and last two data points of the anesthetic timeline were excluded because of the likelihood that these may be errant measurements.

Descriptive statistics were calculated. Categorical variables were summarized by frequencies and percentages, and continuous variables were summarized by means and standard deviations. Chi-square tests were conducted to make global comparisons of categorical variables across groups. Independent two-sample t-tests were used to make global comparisons of the means across the two groups. In instances where data were skewed, a non-parametric Wilcoxon two-sample test was used to compare medians across the two groups. Primary and secondary objectives were also compared across the two groups controlling for anesthesia type using regression models. Data management and statistical analysis were performed using SAS software [version 9.4, Copyright (c) 2002–2012, SAS Institute Inc., Cary, NC, USA]. Two-sided P-values less than 0.05 were considered statistically significant.



Results

A total of 402 patients were identified within the study period. Of these 402 patients, 255 patients were included in the final data analysis; of these 255, 119 patients were in the preanesthesia team involvement group, and 136 were in the postinvolvement group (Figure 1). The mean age was 64.65 vs. 66.86 years in the pre- and postgroups, respectively. In both groups, 53% were male and 47% female. Preinvolvement, 34 patients (29%) arrived from the ED, 76 (64%) were outside hospital transfers, and 9 (7%) were already in-house. Postinvolvement, 32 patients (24%) arrived from the ED, 93 (68%) were outside hospital transfers, and 11 (8%) were already in-house. Of the total number of patients (N = 255), we had missing values of 166 (65%) for mRS and 153 (60%) for NIHSS at discharge. Stratifying by preinvolvement and postinvolvement groups, the pattern of distribution was 74 missing for mRS and 59 missing for NIHSS in the preinvolvement group. Similarly, it was 92 missing for mRS and 94 missing for NIHSS in the postinvolvement group. There was no statistically significant difference between the two groups with respect to the category of patient arrival or NIHSS score on arrival. These demographic characteristics are summarized in Table 1. The differences in the mRS score at discharge and NIHSS score at discharge were not statistically significant, even when adjusted for anesthesia type, and when using multiple imputation to account for missing values (Table 2).


[image: Figure 1]
FIGURE 1
Study flowchart.



TABLE 1 Characteristics of patients undergoing EVT.
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TABLE 2 Comparison of primary and secondary objectives.
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Preroutine anesthesia team involvement, 66 patients (53%) received CS, 32 (29%) received GA, and 21 (18%) received MAC. Postinvolvement, 4 patients (3%) received CS, 63 (46%) received GA, and 69 (51%) received MAC. Differences in the type of anesthetic or sedation received were statistically significant in all groups (Table 1).

The median time from puncture to TICI score >2b significantly decreased in the in-house group from 49.00 min preinvolvement to 23.00 min postinvolvement (P = 0.02). These times also decreased for both categories of patients, those presenting to the ED and transfer patients, but the differences were not statistically significant. When controlling for anesthesia type, only puncture to TICI >2b (39.5 vs. 34 min, P = 0.01) for all patient categories showed statistical significance (Table 2). Other differences in metrics related to EVT were statistically insignificant, but these are given in Table 2. The rate of incidence of intraprocedural hypotension in the preinvolvement group was significantly higher (79%) than that in the postinvolvement group (44%) (P = 0.04), although statistical significance was lost when controlling for anesthesia type (P = 0.05).



Discussion

Time to intervention for AIS patients is an important factor in achieving improved patient outcomes (1, 2). An anesthesia team that frequently cares for AIS patients receiving EVT is familiar with the location of the neurointerventional radiology suite and their staff and workflow, and theoretically, should decrease time to intervention once the patient reaches the IR suite. Moreover, they have the advantage of being present from the time the patient enters the neurointerventional radiology suite until they arrive in the intensive care unit and can continually assess the patient. This is supported by a single-center retrospective study that showed improved efficiency and increased adherence to physiological parameters supported by guidelines with the routine involvement of anesthesiologists (13).

Prepping patients for groin puncture and placing them on monitors are time-consuming, regardless of the type of sedation or anesthetic delivered. There was no difference in IR-to puncture times preroutine anesthesia team involvement vs. postroutine anesthesia team involvement for ED, in-house and transfer patient categories. Also, in our study, general anesthesia was used more frequently after the involvement of an anesthesia team. Interestingly, three randomized controlled trials and a post hoc analysis of SIESTA have shown that general anesthesia delays groin puncture (4, 14–16). While our results do not support this conclusion, our sample size is much smaller. In contrast, a retrospective, single-center study showed a statistically significant decrease in door-to-arterial puncture time, room-to-arterial puncture time, and procedure time but no differences in functional outcomes at 90 days with routine anesthesiologist involvement in EVTs (13). Our specialized anesthesia team's familiarity with the IR suite and workflow may have contributed to our findings, although it is unknown whether this practice model is preferable.

Differences in puncture time to TICI >2b for all categories postroutine anesthesia team involvement showed a trend toward a decrease in time and became statistically significant when adjusted for anesthesia type. However, puncture time to TICI >2b differed significantly by anesthesia type only in the preinvolvement group, which may be the reason for our obtaining a significant p-value after controlling for anesthesia type. Puncture time to TICI >2b times was statistically significant for in-house patients, but none of the individual categories were significant when adjusted for anesthetic type. The reasons for decreased times were probably multifactorial and potentially related to changes in physiology when anesthetics are used, such as vasodilation and the ability to consistently maintain physiologic parameters. Another advantage of having an anesthesia team is the ability to rapidly diagnose and treat hypotension. A national survey of 109 interventional radiology and neurointerventional radiology sedation nurses who work with patients with AIS found that only 8.4% of sedation team nurses were comfortable administering vasoactive infusions (17). In our study, the incidence of intraprocedural hypotension was significantly reduced in the postroutine anesthesia team involvement group, although this did not reach statistical significance when adjusted for anesthetic type.

Standardizing the type of anesthetic and following society guidelines, such as those put forth by the SNACC, may mitigate issues related to time delay, thereby decreasing time to TICI >2b and improving functional patient outcomes (10). It has been shown that a decrease in stroke onset time to reperfusion time is a better indicator of reperfusion quality as indicated by a TICI 2c/3 score, and better reperfusion quality is associated with better outcomes (18–20). Therefore, one might conclude that a decrease in time to reperfusion from stroke onset would increase the chances of better outcomes. The lack of an NIHSS score at discharge and mRS at discharge for a large proportion of these patients gives us fewer data points. However, our study lays the groundwork for a future prospective study, following up the patients for a longer time to determine functional outcomes.

There have been multiple studies examining whether the use of GA or CS in EVT cases is more advantageous for patient outcomes (4–9, 14, 21). The AnStroke trial demonstrated no difference between the use of GA or CS if hypotension was avoided (4). The SIESTA trial concluded that CS had no particular advantage and, furthermore, more patients were functionally independent in the GA vs. CS group (37.0% vs. 18.2%, respectively) (15). Finally, GOLIATH found that GA was associated with a lower mRS score at 90 days with an odds ratio (OR) of 1.91 when compared with CS (95% confidence interval (CI), 1.03–3.56) (15, 22). Our study did not demonstrate a statistically significant improvement in NIHSS and mRS between the groups, even after adjusting for anesthesia type; however, this may be attributed to factors such as interobserver differences in scoring as well as incomplete data.

The limitations of this study include using data from a single center; thus, the results may not translate to other institutions. The analysis of our dataset did not show a difference in patient outcomes. In addition, the 8-month data related to the postinvolvement group were part of the COVID-19 pandemic period, with a trend toward MAC and maintaining a spontaneously ventilating patient to avoid an aerosol-generating procedure, possibly interfering with internal and external validity. There was incomplete data for many patients due to a lack of standardized patient charting for neurological outcomes at discharge. Also, no data were available after discharge, such as mRS at 30 days poststroke. It should be noted that both the mRS and the NIHSS scales had issues pertaining to interobserver reliability as well as determination of disability, which was subjective in nature (23). Efforts made to minimize these limitations included thorough chart searches using uniform search terms for each variable. To improve data collection for future studies, we suggest documenting all data in the electronic medical record (EMR) or another searchable database. The strengths of this study include few missing data in the time metric categories, thorough anesthesia documentation, particularly after routine EVT care was initiated, and quick adoption of the new policy as evidenced by changes in the medical record. That said, we also recognize that the routine involvement of a dedicated anesthesia team for EVT may not be feasible in all practice settings. Future studies may be able to further investigate stroke metrics and patient outcomes by collecting data from multiple institutions and ensuring complete datasets during hospital stay and at specified intervals postintervention.

In conclusion, our results indicate that routine involvement of a dedicated anesthesia team for EVT in patients with AIS could potentially improve stroke metrics and patient outcomes, although more studies are necessary to validate this model of care.
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