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Background: As a bioactive metabolite preparation widely used in acute ischemic stroke (AIS), the efficacy and safety of Panax notoginseng saponins injections (PNSI) in patients with AIS after intravenous thrombolysis remain to be evaluated.Methods: This study included randomized controlled trials published before 26 April 2024 in 8 databases. AIS patients who received intravenous thrombolysis were included. The control group receiving conventional treatment and the treatment group receiving additional PNSI. Primary outcomes were selected as mortality, disability, and adverse events. Secondary outcomes were selected as all-cause mortality, improvement of neurological deficit, quality of life, and cerebral injury indicators. The revised Cochrane Risk of Bias tool was used to assess risk of bias. Risk ratio (RR) and mean differences (MD) were calculated for binary variables and continuous variables, respectively, based on a 95% confidence interval (CI).Results: A total of 20 trials involving 1,856 participants were included. None of them reported mortality or disability. There was no significant difference in the adverse events [RR: 1.04; 95% CI: 0.60 to 1.81] and hemorrhagic transformation [RR: 0.99; 95% CI: 0.36 to 2.70] between the two groups. Compared to the control group, the treatment group had a better effect in neurological improvement assessed by National Institutes of Health Stroke Scale [MD: −2.91; 95% CI: −4.76 to −1.06], a better effect in activities of daily living changes in Barthel Index [MD: 9.37; 95% CI: 1.86 to 16.88], and a lower serum neuron-specific enolase level [MD: −2.08; 95% CI: −2.67 to −1.49].Conclusion: For AIS patients undergoing intravenous thrombolysis, the use of PNSI improved neurological deficits and enhanced activity of daily living in the short term without increasing the occurrence rate of adverse events. However, due to the moderate to very low certainty of evidence, it is advisable to conduct high-quality clinical trials to validate the findings of this study.Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=466851, Identifier CRD42023466851Keywords: Panax notoginseng saponins, intravenous thrombolysis, acute ischemic stroke, systematic review, meta-analysis
1 INTRODUCTION
Insufficient blood flow resulting from the occlusion of cerebral arteries leads to acute ischemic stroke (AIS), causing ischemic cerebral injury and tissue necrosis (Phipps and Cronin, 2020). The occurrence of AIS has resulted in increased death rates and functional limitations in the population, significantly impacting the wellbeing of individuals and imposing a substantial strain on the worldwide healthcare infrastructure (Ma et al., 2021; Tsao et al., 2023; Tu et al., 2023). At present, the main approaches for treating AIS involve reperfusion therapy and cerebral cytoprotection therapy, with the primary goals of reducing mortality and disability (Powers et al., 2019; Berge et al., 2021). Reperfusion therapy in AIS is primarily based on intravenous thrombolysis (IVT) (Peng et al., 2018; Powers et al., 2019; Berge et al., 2021), aiming to reopen blood vessels, restore blood supply, prevent ischemic cascades, and rescue neurovascular units in ischemic cerebral tissue (Moskowitz et al., 2010).
While IVT may be one of the most effective ways to provide relief for ischemia injury, ischemia-reperfusion (I/R) injury that occurs after vascular reperfusion may lead to secondary necrosis of cerebral tissue and adverse events represented by hemorrhagic transformation (Goncalves et al., 2022; Liu et al., 2023). Furthermore, incomplete tissue reperfusion caused by partial recanalization of cerebral arteries, as well as vessel reocclusion after IVT, affect the effectiveness of IVT (Tsivgoulis et al., 2023). Therefore, the development of cytoprotective agents directly targeting ischemic regions of cerebral tissue to alleviate potential I/R injury caused by vascular reperfusion has become a current research focus (Fisher and Savitz, 2022). Additionally, novel therapeutic strategies aimed at reducing the risk of vascular reocclusion after IVT are also emerging (Tsivgoulis et al., 2023).
Panax notoginseng (Burkill) F.H.Chen [Araliaceae; Notoginseng radix et rhizoma] is a medicinal plant widely used in China. Traditional Chinese medicine has found that it simultaneously possesses the functions of promoting blood circulation and stopping bleeding, and it is widely used in various conditions involving blood stasis and bleeding disorders (Shi et al., 2023; Wu et al., 2023). Panax notoginseng saponins (PNS) are the main bioactive metabolites of P. notoginseng, and their primary chemical metabolites include five types of dammarane-type saponins, namely, notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, ginsenoside Rb1, and ginsenoside Rd (Sun et al., 2020). In vivo experiments indicate that PNS reduced the cerebral infarct volume in rat models of I/R injury, and improved neurological deficits. This effect may be associated with theirs ability to increase cerebral blood flow, alleviate excitotoxicity, decrease inflammatory responses and oxidative stress, and improve the permeability of the blood-brain barrier, demonstrating the therapeutic potential in AIS (Dong et al., 2017; Wang et al., 2017; 2018; Xu et al., 2018).
As the main clinical formulation of PNS, P. notoginseng saponins injections (PNSI, including Xuesaitong injection and Xueshuantong injection) have undergone several clinical trials and systematic reviews, indicating theirs ability to reduce the occurrence of disabilities and improve neurological deficits as well as activity of daily living (Dai et al., 2022; Shi et al., 2023). However, it is crucial to note that whether AIS patients have received or not received IVT has a significant difference on their prognosis and medication (National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group, 1995), and existing systematic reviews have not yet made a distinction among participants on this issue. Hence, the efficacy and safety of using PNSI in AIS patients undergoing IVT is still a question that clinicians and researchers urgently need answers to. This systematic review and meta-analysis aim to include randomized controlled trials to investigate this issue.
2 MATERIALS AND METHODS
The study protocol was registered with PROSPERO (International Prospective Register of Systematic Reviews), under the ID: CRD42023466851. The study adhered to the reporting principles outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 (PRISMA 2020) guidelines (Page et al., 2021).
2.1 Eligibility criteria
Inclusion criteria: 1) Study design: Randomized controlled trials were included. 2) Participants: Diagnosed with AIS and underwent IVT within 4.5 h. Supplementary Material S1 contains comprehensive diagnostic criteria of AIS. IVT must have been performed based on the guidelines (Peng et al., 2018; Berge et al., 2021). Participants of any age, gender, race, and region were included. 3) Intervention and control: The control group received the guideline-recommended conventional treatment for AIS, which included antiplatelet agents, anticoagulants, and statin drugs, in addition to IVT. PNSI was given to the treatment group along with conventional treatment. Supplementary Material S2 contains comprehensive details about PNSI. 4) Outcomes: Primary outcomes: Mortality and disability rates at the end of at least 3 months of follow-up, as well as the occurrence adverse events. Secondary outcomes: All-cause mortality during treatment, improvement of neurological deficit, quality of life, and cerebral injury-related indicators.
Exclusion criteria: 1) In addition to AIS, the participants also suffered from other neurological diseases, or severe diseases in systems other than the nervous system. 2) Pregnant or lactating women. 3) Participants receiving other traditional Chinese treatments, such as acupuncture and other botanical drugs. 4) Only one of the duplicate studies were retained. 5) Studies containing inaccurate or incomplete data, or those where a sufficient amount of data could not be extracted.
2.2 Information sources and search strategy
The research in both Chinese and English originated from the China National Knowledge Infrastructure Database (CNKI), VIP Database for Chinese Technical Periodicals (VIP), Wanfang Database (Wanfang), Chinese Biomedical Literature Database (SinoMed), Web of Science, MEDLINE, Embase, and Cochrane Library. Searches were conducted from the beginning of the databases to 26 April 2024. Combining subject terms with free-text terms was used for the search. Search queries are provided in Supplementary Material S3.
2.3 Selection process and data collection process
Two reviewers independently screened and extracted data from the literature. Discussions were held to resolve differences. The procedure involved initially eliminating duplicate studies, then examining the titles and abstracts of the studies, and excluding those that do not fulfill the criteria. Subsequently, conduct a comprehensive reading and screening of the remaining studies. The extraction of data involved obtaining the subsequent information: 1) Fundamental details of the research, encompassing the title, primary author, source, year and country of publication; 2) Study details, including patient information, intervention and control, dosage of medication, treatment duration, outcomes, and adverse events.
2.4 Study risk of bias assessment and certainty assessment
Using the revised Cochrane Risk of Bias tool (RoB 2) (Sterne et al., 2019), two reviewers individually evaluated the potential for the risk of bias in each study. Differences were settled by engaging in discussions with the third reviewer. To evaluate the certainty of evidence, a methodology known as GRADE was employed, classifying it as high, moderate, low, or very low (Guyatt et al., 2008). The certainty of evidence for each outcome was evaluated independently by two reviewers. A third reviewer was consulted to resolve differences. Supplementary Material S4 provides detailed rules for assessing the certainty of evidence.
2.5 Data analysis and synthesis
The study was analysed using Review Manager 5.4. Risk ratio (RR) was calculated for binary variables and mean differences (MD) was calculated for continuous variables, based on a 95% confidence interval (CI). The I2 statistic was used to evaluate heterogeneity, and a value of I2 greater than 50% indicated significant heterogeneity. In instances where there was no significant heterogeneity, the fixed-effects model was utilized for result pooling. Necessary subgroup analyses and sensitivity analyses were conducted for studies with significant heterogeneity. In case the underlying causes of heterogeneity could not be clarified, a random-effects model was employed to pool the findings. By excluding individual studies, sensitivity analyses assessed the robustness of the results. Funnel plots were utilized to evaluate publication bias when the number of studies surpassed 10. In addition, various PNSI dosages and treatment durations were analyzed in subgroups, and the difference between subgroups were compared.
3 RESULTS
3.1 Selection and characteristics of studies
A total of 6,462 studies were retrieved from the databases. After removing duplicate studies, 2,754 studies remained. After examining the titles and abstracts, a total of 2,458 studies were eliminated, leaving behind 296 studies for thorough evaluation of full-texts. Out of these, 276 studies were subsequently excluded. Finally, 20 eligible studies were included. The study selection process is depicted in Figure 1. The studies included in this study were all conducted in China and reported in Chinese. A total of 1,916 participants were involved, with 978 in the treatment group and 938 in the control group (Chen, 2013; Xie, 2013; Chen and Chen, 2014; Cheng et al., 2014; Liu, 2015; Huo and Xie, 2018; Bian, 2019; Guan, 2019; Mo, 2019; Yan et al., 2020; Li, 2021; Liu and Zou, 2021; Liu et al., 2022; Luo et al., 2022; Zhang et al., 2022; Li and Fang, 2023; Zeng et al., 2023; Zhang, 2023; Li and Wang, 2024; Zhao et al., 2024). The average age of participants ranged from 56.5 to 69.17. In most trials, the number of males was higher than that of females. There were no significant differences found between the baselines described in any of the studies. Detailed information about the included studies is provided in Table 1.
[image: Figure 1]FIGURE 1 | Study selection process Abbreviations: CNKI, China National Knowledge Infrastructure Database; VIP, VIP Database for Chinese Technical Periodicals; Wanfang, Wanfang Database; SinoMed, Chinese Biomedical Literature Database; RCTs, randomized controlled trials.
TABLE 1 | Information of the included studies.
[image: Table 1]3.2 Risk of bias in studies
1) In terms of selection bias, fifteen studies that did not clearly indicate whether allocation concealment was performed and had evenly distributed baseline characteristics among groups were rated as some concerns. Five studies that did not conduct allocation concealment were rated as high risk. 2) None of the studies used any blinding methods. Therefore, nine studies that only reported subjective outcomes were rated as high risk in terms of performance bias, while the other studies were rated as some concerns. 3) All the included studies had complete data with no missing information, therefore, the attrition bias was rated as low risk for all of them. 4) For subjective outcomes, if the assessor is aware of the intervention, it may potentially influence the measurement of the outcomes. Therefore, nine studies that only reported subjective outcomes were rated as high risk in terms of detection bias, while the other studies were rated as some concerns. 5) In the included studies, all the expected outcomes were reported. However, due to the lack of pre-published research protocols, the reporting bias of all studies was rated as some concerns. Finally, the overall bias for eight studies was rated as some concerns, while twelve studies were rated as high risk. Finally, the overall bias for eight studies was rated as some concerns, while twelve studies were rated as high risk (Figure 2).
[image: Figure 2]FIGURE 2 | Risk of bias of included studies.
3.3 Primary outcomes
3.3.1 Mortality and disability rates at the end of follow-up
None of the trials reported mortality or disability at the end of follow-up.
3.3.2 Adverse events
Seven studies reported the occurrence of adverse events, with two studies reporting no adverse events and three studies reporting specific adverse events (n = 527). Analysis using a fixed-effects model indicated that there was no significant difference in the occurrence of adverse events between the two groups (RR: 0.88; 95% CI: 0.62 to 1.24; p = 0.46, I2 = 0%) (Figure 3).
[image: Figure 3]FIGURE 3 | Meta-analysis results of adverse events.
Five studies reported the occurrence of hemorrhagic transformation (n = 527). Analysis using a fixed-effects model indicated there was no significant difference in the occurrence of hemorrhagic transformation between the two groups (RR: 0.62; 95% CI: 0.34 to 1.14; p = 0.13, I2 = 0%) (Figure 4). Other adverse events were mild and self-limiting, mainly including allergy, gastrointestinal reaction, and dizziness.
[image: Figure 4]FIGURE 4 | Meta-analysis results of hemorrhagic transformation.
3.4 Secondary outcomes
3.4.1 All-cause mortality during treatment
None of the trials reported all-cause mortality during treatment.
3.4.2 Improvement of neurological deficit
Twelve studies reported neurological improvement changes in National Institutes of Health Stroke Scale (NIHSS) (n = 1170). Analysis using a fixed-effects model indicated that compared to the control group, the treatment group had a better effect in terms of neurological improvement changes in NIHSS, and the statistical difference was significant (MD: −2.87; 95% CI: −4.54 to −1.19; p = 0.0008, I2 = 0%) (Figure 5).
[image: Figure 5]FIGURE 5 | Meta-analysis results of neurological improvement changes in National Institutes of Health Stroke Scale.
3.4.3 Activities of daily living changes in Barthel Index
Seven studies reported activities of daily living changes in Barthel Index (n = 621). Analysis using a fixed-effects model indicated that compared to the control group, the treatment group had a better effect in activities of daily living changes in Barthel Index, and the statistical difference was significant (MD: 9.37; 95% CI: 1.86 to 16.88; p = 0.01, I2 = 0%) (Figure 6).
[image: Figure 6]FIGURE 6 | Meta-analysis results of activities of daily living changes in Barthel Index.
3.4.4 Cerebral injury-related indicator
Six studies reported serum neuron-specific enolase level as a cerebral injury-related indicator (n = 495). Analysis using a fixed-effects model indicated that compared to the control group, the treatment group had a lower serum neuron-specific enolase level, and the difference between the two was significant (MD: −2.09; 95% CI: −2.68 to −1.51; p < 0.00001, I2 = 0%) (Figure 7).
[image: Figure 7]FIGURE 7 | Meta-analysis results of serum neuron-specific enolase level.
3.5 Subgroup analysis and sensitivity analysis
Subgroup analysis was conducted based on different PNSI dosages, with a daily dose of 300 mg or less classified as the low-dose subgroup and a daily dose exceeding 300 mg classified as the high-dose subgroup. The results indicate that, for the neurological improvement changes in NIHSS, the treatment group in each subgroup outperformed the control group, and showing significant difference. There were no significant difference observed between subgroups (p = 0.78) (Figure 8).
[image: Figure 8]FIGURE 8 | Subgroup analysis based on different PNSI dosages.
Another subgroup analysis was conducted based on different treatment durations, with 14 days or less classified as the short-term treatment subgroup and more than 14 days classified as the long-term treatment subgroup. The results indicate that, for the neurological improvement changes in NIHSS, the treatment group in each subgroup outperformed the control group, and showing significant difference. There were no significant difference observed between subgroups (p = 0.68) (Figure 9).
[image: Figure 9]FIGURE 9 | Subgroup analysis based on different treatment durations.
The sensitivity analyses showed that the meta-analysis results were not affected by removing any individual study, indicating the robustness of the results.
3.6 Publication bias
Funnel plot was used to assess the potential publication bias in the neurological improvement changes in NIHSS. The funnel plot was generally symmetrical, suggesting that there may be no publication bias in this outcome (Figure 10).
[image: Figure 10]FIGURE 10 | Funnel plots of the neurological improvement changes in National Institutes of Health Stroke Scale.
3.7 Certainty of evidence
Table 2 displays the assessment of evidence certainty. According to the results, the evidences for neurological improvement changes in NIHSS and activities of daily living changes in Barthel Index were regarded as moderate certainty; the occurrence of adverse events, and serum neuron-specific enolase level were regarded as low certainty; the occurrence of hemorrhagic transformation was regarded as very low certainty. Based on the included studies, the evidences for the primary outcome of mortality and disability rates at the end of follow-up, as well as the secondary outcome of all-cause mortality during treatment were not available.
TABLE 2 | Certainty of evidence.
[image: Table 2]4 DISCUSSION
4.1 Interpretation of the results
This study evaluated the efficacy and safety of using PNSI in patients with AIS after IVT. A total of 20 trials involving 1,916 participants were included. The safety of traditional Chinese medicine injections has always been in the spotlight. Regarding the safety of PNSI, the results of meta-analysis showed that there was no statistically significant difference between the treatment group and the control group in terms of adverse events and hemorrhagic transformation (low and very low certainty of evidence). Taking into account the data from post-market safety monitoring (Li et al., 2018; XinYao et al., 2020), it can be conservatively stated that PNSI is unlikely to increase the incidence of adverse events in AIS patients receiving IVT treatment. More clinical trials and safety monitoring are needed to provide robust evidence for the safety of PNSI.
In terms of the efficacy of PNSI, this study aimed to evaluate the efficacy from various aspects, including mortality, disability, improvement in neurological deficits, daily life activities, and cerebral lesion. However, based on the available data, it is not yet possible to assess the effect of PNSI on mortality and disability in AIS patients undergoing IVT. Results of the meta-analysis indicate that after the treatment duration, PNSI were significantly associated with greater improvement in neurological deficits (moderate evidence certainty), and better performance in activities of daily living (moderate evidence certainty) in AIS patients undergoing IVT. These results suggest that the addition of PNSI after IVT significantly associated with better improvement in the overall neurological deficits and activities of daily living for the short term. In addition, compared with the control group, the treatment group had a lower serum neuron-specific enolase level, with a significant statistical difference (low certainty of evidence). It can be seen that the use of PNSI in AIS patients after IVT may be associated with milder cerebral lesion.
Subgroup analysis of different PNSI doses was conducted in this study. Compared to the control group, both the low-dose subgroup and the high-dose subgroup of PNSI significantly improved neurological deficits, with no significant difference between the two subgroups. Subgroup analysis based on different treatment duration was also conducted in this study. Compared to the control group, both the short-term subgroup and the long-term subgroup of PNSI significantly improved neurological deficits, with no significant difference between the two subgroups. The above results suggest that a PNSI treatment duration lasting more than 14 days may not provide additional benefits to patients in terms of improving neurological deficits. The use of high-dose PNSI may not necessarily bring additional benefits to improving neurological deficits, and a daily dose of 300 mg or less of PNSI may already be sufficient. It should be noted that since the evaluation of neurological deficits was conducted at the end of the treatment, different evaluation times may also impact the results. Therefore, head-to-head controlled trials of PNSI should be conducted to further clarify the potential impact of dose and duration on efficacy.
4.2 Quality of evidence
In order to provide references for clinical practice, this study conducted a detailed assessment of the quality of evidence for outcomes. Firstly, an assessment of the risk of bias in the included studies was conducted. It was found that more than two-thirds of the overall bias risks for all outcomes were rated as some concerns. As a result, the certainties for all outcomes were downgraded by one level. Secondly, inconsistency of evidence was assessed based on heterogeneity evaluation. Since all outcomes showed no significant heterogeneity, the certainties of all outcomes were not downgraded due to inconsistency issues. Thirdly, there were no significant differences in characteristics of the included studies. Therefore, the certainties of all outcomes were not downgraded due to issues of indirectness. Fourthly, in terms of imprecision, if the 95% CI for the outcomes crossed the null line, or if the sample size for the outcome was less than the optimal information size (400), the certainty assessment was downgraded by one level. Therefore, the certainties of two outcomes were downgraded by one level. Fifthly, no significant publication bias was found, and there was no certainty of the outcomes being downgraded due to publication bias. Finally, the certainty assessment of the two outcomes with a total number of studies less than seven was downgraded by one level.
4.3 Implications of the results
Although PNSI has been used in AIS patients for many years, there has been a persistent lack of systematic review for the clinical use of PNSI in AIS patients receiving IVT. Its efficacy and safety remain to be futher evaluated. According to the results of this study, PNSI significantly improved neurological deficits and enhanced activities of daily living in the short term without increasing the occurrence rate of adverse events and hemorrhagic transformations. For AIS patients receiving IVT, the addition of PNSI to conventional treatment may bring additional benefits in the short term. Although the qualities of evidence were only rated as moderate to very low, this study still provides physicians with some reference evidence for the use of PNSI and lays the foundation for further in-depth research.
The potential pharmacological effects of PNSI in AIS patients receiving IVT may include: 1) reducing the risk of hemorrhagic transformation after IVT by improving the permeability of the blood-brain barrier (Liu et al., 2021); 2) mitigating inflammation in the cerebral ischemic lesion by inhibiting the microglia activation and the release of pro-inflammatory mediators mediated by microglia/macrophages and reducing leukocyte adhesion (Zhang et al., 2016; Shi et al., 2017; Wang et al., 2017; Xu et al., 2018); 3) reducing glutamate level, enhancing the expression of glutamate transporter 1 in neuroglial cells, and mitigating excitotoxicity of neurons (Wang et al., 2017; 2018); 4) inhibiting free radical generation, promoting the synthesis of antioxidant enzymes, and alleviating oxidative stress (Zhou et al., 2014; Dong et al., 2017). PNS may inhibit the activation of the NLRP3 inflammasome through the PINK1/Parkin pathway, promote mitophagy, and alleviate cerebral I/R injury in rats (Xiao et al., 2022). Furthermore, PNS may activate the Nrf2 antioxidant signaling pathway through the PI3K/Akt pathway and prevent the disruption of the blood-brain barrier induced by oxygen-glucose deprivation/reperfusion in vitro (Hu et al., 2018). Proteomics and transcriptomics have revealed seven key transcription factors, including ERCC2 and NR4A3, which mediate the protection of PNS against cerebral I/R injury. These factors may play a crucial role in PNS alleviating I/R injury (Zhang et al., 2021). As a potential multi-target drug for the treatment of AIS, PNS hold broad research prospects.
4.4 Strengths and limitations
This study started from urgently needing to address clinical issues and focused on the use of PNSI in AIS patients after IVT. Through systematic review and meta-analysis, it is pointed out that based on existing evidence, PNSI may bring short-term benefits in improving neurological deficits and activity of daily living for AIS patients receiving IVT without increasing the incidence of adverse events. In addition, this study also preliminarily explored possible dose-response and duration-response relationships.
This study also has some limitations. Due to design defects, a limited number of studies and small sample sizes in the included trials, the certainties of evidence were rated only from moderate to very low. This lowers the credibility of the evidence, and existing conclusions need to be approached with caution. Due to the lack of long-term follow-up for participants in existing studies, this study could not evaluate the long-term efficacy and safety of PNSI. Moreover, due to PNSI being approved for the treatment of AIS only in China, all included trials were conducted in China, and no studies from other countries were included. This reduces the applicability of the evidence to other countries or regions.
Some issues identified during the review process may also serve as references for future trial designers. The timing of PNSI administration may have an impact on the efficacy and safety of AIS patients undergoing IVT, but none of the included studies reported on this aspect. For ischemic stroke, the location and size of cerebral infarction greatly affect clinical manifestations and prognosis. Although some studies have reported these aspects, they have not specifically analyzed the different possible effects on outcomes, which leads to potential clinical heterogeneity. Furthermore, NIHSS is the most commonly used scale for clinical evaluation of neurological function in AIS, and most of the included studies use it to assess neurological deficits. Nevertheless, this scale can only reflect the overall neurological deficit, and it is difficult to reflect specific neurological deficits such as limb motor function, cognitive function, and language function, which reduces the specificity and clinical applicability of the results.
4.5 Future perspectives
The lack of high-quality clinical trials is a common issue in the field of ethnopharmacology research. Randomized controlled trials with large samples and long-term follow-up that are rigorously designed and implemented often require higher financial and time costs, which may be the main reason for the lack of high-quality trial in included studies. In order to enhance the certainty of evidence and the generalizability of the findings, it is recommended that relevant pharmaceutical companies and research institutions increase their investment in research and conduct rigorously designed multi-center, large-sample, double-blind randomized controlled trials in different countries to evaluate the efficacy and safety of PNSI in AIS patients undergoing IVT. In trial design, it is recommended to include outcomes reflecting long-term efficacy, such as mortality and disability rates. It is also recommended to adopt specific examination methods to reflect specific manifestations of neurological function. Future studies should record the specific time of PNSI administration in detail. It is important not only to report the location and size of cerebral infarction but also to analyze their specific impact on efficacy, avoiding clinical heterogeneity. Considering the role of PNSI in alleviating cerebral ischemic and I/R injury (Zhang et al., 2016; Shi et al., 2017; Wang et al., 2017; 2018; Xu et al., 2018), the mechanisms of PNSI in AIS patients undergoing IVT require further investigation.
5 CONCLUSION
For the AIS patients undergoing IVT, PNSI significantly improved neurological deficits and enhanced activities of daily living in the short term without increasing the occurrence rate of adverse events and hemorrhagic transformations. Due to the moderate to very low certainty of the evidence, it is imperative to conduct high-quality and large-sample sizes trials to validate the findings of this study.
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