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Introduction: The frequency of intravenous thrombolysis (IVT) in acute ischemic stroke (AIS) is lower than it should be in several regions of the world. It is unclear what interventions can produce significant improvements in IVT utilization. We aimed to investigate the temporal trends in IVT in AIS and identify changes in time that could be associated with specific interventions.

Methods: We included patients with AIS who were admitted from January 1998 to December 2019 in our institution. To analyze trends in utilization and time points in which they changed, we performed a Joinpoint regression analysis. Interventions were assigned to a specific category according to the Behavior Change Wheel framework intervention function criteria.

Results: A total of 3,361 patients with AIS were admitted, among which 538 (16%) received IVT. There were 245 (45.5%) women, and the mean age and median National Institutes of Health Stroke Scale (NIHSS) scores were 68.5 (17.2) years and 8 (interquartile range, 4–15), respectively. Thrombolysis use significantly increased by an average annual 7.6% (95% CI, 5.1–10.2), with one Joinpoint in 2007. The annual percent changes were.45% from 1998 to 2007 and 9.57% from 2007 to 2019, concurring with the stroke code organization, the definition of door-to-needle times as an institutional performance measure quality indicator, and the extension of the therapeutic window.

Conclusions: The IVT rates consistently increased due to a continuous process of protocol changes and multiple interventions. The implementation of a complex multidisciplinary intervention such as the stroke code, as well as the definition of a hospital quality control metric, were associated with a significant change in this trend.
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INTRODUCTION

Intravenous thrombolysis (IVT) for patients with acute ischemic stroke (AIS) is efficacious and safe (1, 2).

However, the frequency of IVT in AIS is still lower than it should be to say that it has a significant population effect in many countries and regions of the world (3–6). Several barriers and reasons have been described for this, which have usually been classified in two. First (a) is during pre-admission, including patient-related (poor symptom recognition, late presentation, and narrow time window for IVT) and paramedic-related (time delays and transport to not-ready hospitals) barriers. Second (b) is during post-admission, including hospital-related barriers (suboptimal triage systems, inefficient stroke care pathways, lack of infrastructure or expertise), physician choices (experience and comfort with uncertainties), and economic/political environments (high costs, quality control, or accreditation) (7–10).

Intravenous thrombolysis is a complex multilevel, multidisciplinary decision-making process. Since its approval, its utilization has been timidly increasing, being unclear what interventions are the ones likely to produce the most significant increase in its use. Four recent systematic reviews and meta-analyses have investigated this question. Paul et al. using the Behavior Change Wheel (BCW) framework found that access to teaching hospitals and hospitals with large stroke and IVT volumes is associated with increased thrombolysis rates (11, 12). Using the same framework, Hasnain focused the analysis on the following five intervention strategies: education, persuasion, training, environmental restructuring, and enablement. All approaches were found to increase thrombolysis uptake at a similar rate, and the subgroup analysis suggested that persuasion, environmental restructuring, and enablement may be particularly effective (13). Huang et al. found that optimization of workflow with organizational improvements, including the centralization of stroke care and prenotification or telemedicine, contributed the most to reducing pre- and in-hospital delays (14). McDermott et al. found that interventions targeted at emergency medical services (EMS), telemedicine, and public education were associated with a trend toward an increase in IVT (15).

We aimed to investigate significant changes in the temporal trends of IVT in AIS in our institution and identify interventions that could be associated, according to the BCW framework. The secondary outcomes were usual time metrics and compliance with performance measures.



MATERIALS AND METHODS

In this cohort study, we analyzed data from our prospective stroke registry (Registro de Enfermedades Cerebrovasculares Clínica Alemana [RECCA]), which included all adult patients (aged ≥ 18 years) with acute stroke admitted since 1997. These patients consented to participate in the current study. Our institution is a teaching nonprofit tertiary private hospital in Santiago, Chile.

We selected patients with AIS admitted from January 1998 to December 2019. We excluded patients with transient ischemic attacks, which were defined according to time and imaging results, and those with spinal cord or retinal infarctions and stroke mimics (16). All patients with suspected stroke presenting to the emergency department were assessed by an on-call neurologist. All variables were prospectively collected during patient hospitalization and transferred to an electronic database REDCap electronic data capture tools hosted at Clínica Alemana. REDCap (Research Electronic Data Capture, Vanderbilt University, Nasshville, TN, USA). All admitted stroke patients were identified and recruited by physician investigators who screen stroke admissions daily. The neurology staff met weekly for a case audit with the focus on protocol deviations. Protocols were reviewed annually or biannually depending on emerging new evidence.

Ischemic stroke is defined as an episode of neurological dysfunction caused by focal cerebral infarction according to the current standard definitions (16). Hypertension, diabetes mellitus, hyperlipidemia, cardiopathies, and atrial fibrillation are defined as present in patients with the previous clinical diagnosis or those under treatment for each specific risk factor.

The stroke program was organized formally in late 1997 and included the first protocol for IVT with recombinant tissue plasminogen (r-TPA), which was based on the National Institute of Neurological Disorders and Stroke trial (17). Since then, significant organization and protocol changes have taken place. These were based on newly published evidence or guidelines and the consensus of the vascular neurology staff. Each intervention is described in detail and assigned to specific categories of interventions as suggested by the BCW framework intervention function criteria in Supplementary Tables 1, 2 (12).

In this exploratory research, our primary objective was to identify significant changes in trends of the IVT frequency of use. The secondary objectives were to identify significant changes in onset-to-door (OTD) times (pre-hospital delay), door-to-needle (DTN) times (in-hospital delay), and onset-to-needle (OTN) times (total delay). We also aimed to identify significant changes in the frequency of patients arriving within 120 min of OTD, as well as in the frequency of thrombolysis performed within 60 min of DTN times and within 180 min of OTN times (18).


Statistical Analyses

The total thrombolysis cohort was described with means and SDs or medians and interquartile ranges (IQRs) for continuous or ordinal data, respectively. Frequencies were presented with percentages (%) and 95% CIs.

To analyze trends in IVT use and identify the time point(s) in which the trends significantly changed, we performed a Joinpoint regression analysis. The method calculates the annual percentage change (APC) in rates between trend-change points, and also estimates the average annual percentage change (AAPC) in the whole period studied. When there are no changes in trend (i.e., no Joinpoint), APC is constant, so it equals the AAPC. Otherwise, the whole period is segmented by the points with a trend change. We chose a data-driven Bayesian information criterion (BIC) method, namely the weighted BIC (19).

The primary outcome was analyzed by Joinpoint in the total cohort of patients treated with thrombolysis as frequency per year. Joinpoint for symptom OTD, DTN, and symptom OTN times was analyzed according to the mean minutes per year. Compliance with performance measures was analyzed as annual Joinpoint in the trends of the percentage of patients being admitted within 120 min of symptom onset, being treated with thrombolysis within 60 min of presentation to the emergency department per year, and being treated with thrombolysis within 180 of symptom onset. Missing data were excluded from the analyses.

All statistical analyses were performed with the Joinpoint trend analysis Program Version 4.9.0.0 – March 25, 2021. National Cancer Institute, USA (19). An alpha error of <0.05 was considered significant. The article is reported according to the STROBE guidelines (16).

The scientific Ethics Committee of Universidad del Desarrollo and the Institutional Review Board of Clínica Alemana de Santiago approved the study registry protocol and written informed consent was obtained in every patient as local regulatory law requests.




RESULTS

From 1998 to 2019, 3,361 patients with AIS were admitted, among which 538 (16%) were treated with IVT. There were 245 (45.5%) women, the mean age of the treated patients was 68.5 (17.2) years, and the median National Institutes of Health Stroke Scale (NIHSS) score was 8 (IQR, 4–15). Table 1 describes their baseline demographic and clinical characteristics.


Table 1. Baseline characteristics of the whole cohort of patients treated with thrombolysis.

[image: Table 1]

The frequency of thrombolysis use significantly increased with an AAPC for thrombolysis utilization of 7.6% (95% CI, 5.1–10.2) from 1998 to 2019. The regression model for IVT utilization showed that there was one Joinpoint in 2007. The APCs were 0.45% from 1998 to 2007 and 9.57% from 2007 to 2019 (Figure 1). This coincided with (a) the stroke code organization, (b) the extension of the therapeutic window, and (c) the definition of DTN time of <60 min as an institutional quality control measure (Supplementary Table 2).
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FIGURE 1. Thrombolysis utilization rates. (A) Average annual percent change of thrombolysis utilization rate and (B) annual percent change of thrombolysis utilization rate from 1998 to 2019 with Joinpoint organizational or protocol modifications from 1997 to 2019. *Indicates were the annual percent change (APC) is significantly different from zero at the alpha = 0.05 level.


The time metrics showed an increase in OTD times (APC, +3.45 min) with no Joinpoints and a decrease in DTN times (AAPC, −4.1 min; 95% CI, −5.1 to −3) with one Joinpoint in 2011. In this case, the APCs were −1.71 min from 1998 to 2011 and −6.16 min from 2011 to 2019 (Figures 2A,B). The OTN times showed a Joinpoint in 2010, with an initial increase (APC, +0.42 min) from 1998 to 2010 and then a significant decrease (APC, −2.49 min) from 2010 to 2019 (Figure 2C). The significant change in DTN times from 2011 onward concurred with several changes in workflow, particularly the IVT written consent was eliminated, laboratory results were no longer waited for, and r-TPA was started in the CT suite (Supplementary Table 2).


[image: Figure 2]
FIGURE 2. Time metrics: annual percent changes in (A) symptom onset-to-door times, (B) door-to-needle times, and (C) symptom onset-to-needle times from 1998 to 2019 with Joinpoints. *Indicates were the annual percent change (APC) is significantly different from zero at the alpha = 0.05 level.


The compliance with performance measures showed a decrease in the proportion of patients arriving within 120 min of symptom onset with one Joinpoint in 2009 (APC, −4.06%), where the trend changed to a slight increase (APC, +1.04%). This can be associated with the stroke code implementation in 2008 (Supplementary Table 2). The regression also showed an increase in the frequency of patients treated with thrombolysis within 60 min of arrival to the emergency department (APC, +9.15) with one Joinpoint in 2015 when it stabilized (APC, −0.29%) (Figures 3A,B). The proportion of patients treated within 180 min from symptom onset was stable (APC, 0.79%) without a Joinpoint (Figure 3C).
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FIGURE 3. Compliance metrics: annual percent changes in the (A) frequency of thrombolysis within 120 min of symptom onset, (B) frequency of door-to-needle time within 60 min, and (C) frequency of thrombolysis within 180 min of symptom onset from 1998 to 2019 with Joinpoints. *Indicates were the annual percent change (APC) is significantly different from zero at the alpha = 0.05 level.


The frequencies of missing data were as follows: IVT, 0%; OTD, 5%; DTN, 5.6%; OTN, 7.2%.



DISCUSSION

Our results show that the frequency of IVT persistently increased by an average percent change of 7% per year, which is consistent with a continuous process of improvement. In the past decade, several other studies have shown similarly continuously increasing rates in different countries throughout the world (20–24).

The significant change in trend in thrombolysis utilization from 2007 onward was associated with two relevant interventions and one policy change. The behavioral impact of these factors can be described with the BCW conceptual framework. The extension of the time window was a specific opportunity (O), and the organization of the stroke code boosted the team capabilities (C). Institutional quality parameters were periodically published on the website and meant recognition of relevance with motivational (M) impact for the team. Furthermore, the organization of the stroke code was a system change with a multilevel, multicomponent intervention that included at least the five interventions associated with improving the rates of IVT (i.e., education, training, persuasion, environment restructuring, and enablement) (12).

The significant change in DTN times from 2011 onward was concurrent with several changes in workflow implemented to lower in-hospital barriers. These interventions have resulted in reduced DTN times in several studies (7, 12, 14, 25).

The increase in OTD times could be associated with higher confidence of the team in selecting late comers and increasing time windows. The small but significant improvement in the trend of the proportion of patients arriving within 120 min of symptom in 2009 can be associated with the implementation in 2008 of institutional EMS training, prenotification, and annual stroke awareness campaigns that have been previously shown to be significant interventions (14, 15). The continuous increase in the proportion of patients being treated with thrombolysis within 60 min of emergency department arrival is most probably due to the sum of interventions throughout the years and a learning curve of the treating teams. Interventions, such as setting another DTN performance measure of 50% being treated within 45 min, are being implemented with success in several centers and could further decrease this metric (26). Other effective improvement strategies are the transport of patients by EMS directly to the scanner and rapid registration of patients (25, 27). Furthermore, there is cumulating evidence that pre-hospital interventions aimed to optimize workflow contributed to reducing pre-hospital and in-hospital delays (28, 29).

In this analysis, we did not focus on patients' characteristics or factors determining thrombolysis use that have also been shown to significantly delay DTN times (30). We analyzed these factors in another recent publication showing that unrecognized stroke by the triage system, vertebrobasilar territory strokes, hypertension control, severe strokes needing intubation, and possible contraindications (oral anticoagulation) was significantly associated with DTN times over 60 min (31).

This observational study has several limitations and potential biases. We only included interventions that are directly associated with IVT and excluded other hospital-wide quality improvements, such as the National and Joint Commission International accreditation processes, emergency department and EMS organizational and staffing modifications, and changes in the imaging department, such as CT availability. It is the experience of a single academic medical center serving an urban population. We do not have data on the transport system used during the study period.

Strengths of this study include its long period of observation, low frequency of missing data, use of a novel trend regression analysis, and analysis of interventions based on the BCW framework.

Several studies that have described increasing thrombolysis rates associated with different interventions have analyzed mostly their effectiveness (22, 32, 33). Our analysis focused on the significant change in trends and the interventions associated with those changes. IVT in AIS is a multistep clinical decision process, involving many disciplines and components of the healthcare systems and with a short time window (34). Thus, it requires complex interventions, difficult to implement, maintain in time, and reproduce (13). We chose to characterize the interventions using the BCW framework, which is based on the COM-B behavior system as it seems to be robust in improving the design and implementation of evidence-based complex interventions (12).

Our findings suggest that those interventions that fulfill strategic components of the BCW conceptual framework have a greater impact in changing the trends in thrombolysis utilizations rates. A close observation of the core components of opportunity, capability, and motivation may be a practical guide to promote changes in behavior in complex clinical processes. Our results also suggest that the benefit of in-hospital interventions has a ceiling effect and that further improvement is the realm of pre-hospital interventions reducing both pre-hospital and in-hospital delays, increasing the number of patients having timely access to IVT (35).
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Symptom onset to door ime, < 120min (%)
Door to needle time, mean min (SD)

Door to needle time, < 60min (%)
Symptom onset to needle, mean min (SD)
Symptom onset to needie, < 180min (%)

Total N = 538

685(17.2)
155 (28.7)
245 (45.5)
332 (61.7)
70 (13.0)
177 33.9)
87(16.2)
192 (35.7)

86(16)
153 (28.4)
8(a-15)
199 (37.9)

152.6 (26.4)
84.6(16.2)

122.5(43.9)
94.8(97.3)

393 (73.0)

56.4(37.7)
290 (53.9)

151.0(98.2)

377 (70.1)

“SD, Standerd deviation.
TNIHSS, Netional Institute of Health Stroke Scale.
IQR, Inter quartile range.
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