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Purpose: To explore the efficacy of nimodipine, nifedipine, and edaravone (EDA) combined with Nao-Xue-Shu in patients with hypertensive intracerebral hemorrhage (HICH) and to determine the best western medicine combined with Nao-Xue-Shu for treating HICH patients using a ranking method.
Methods: After a comprehensive search of the China National Knowledge Infrastructure (CNKI), Wanfang Database, VIP information database, Chinese Biomedical Database (CBM), PubMed, Embase, and Cochrane Library database from the database establishment 31 December 2021, data extraction and quality assessment were conducted for the included articles. The primary outcome measure was the effectiveness after treatment. Secondary outcome measures were after-treatment the National Institutes of Health Stroke Scale (NIHSS) scores, hematoma volume, perihematoma edema volume, and inflammatory factor expression levels. Statistical analyses were performed using Stata 16.0 and RevMan 5.3.0 software.
Results: We included 19 randomized controlled trials (RCTs) and six non-RCTs. The effective rate after treatment was ranked from the best to the worst as follows: routine cure measure (RCM) + nifedipine + Nao-Xue-Shu, RCM + EDA + Nao-Xue-Shu, RCM + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, RCM + EDA, and RCM. The post-treatment NHISS scores from lowest to highest were as follows: RCM + EDA + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + EDA, RCM + nimodipine + Nao-Xue-Shu, RCM + Nao-Xue-Shu, RCM + Nao-Xue-Kang, and RCM. The post-treatment hematoma volume from minimum to maximum was as follows: RCM + EDA + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + Nao-Xue-Shu, RCM + Nao-Xue-Kang, and RCM. The post-treatment perihematoma edema volume from minimum to maximum was as follows: RCM + EDA + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, RCM + Nao-Xue-Shu, and RCM. For inflammatory factor expression levels after treatment, IL-6 concentration levels after treatment from lowest to highest wasas follows: RCM + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, RCM + EDA + Nao-Xue-Shu, and RCM. TNF-α concentration levels after treatment from lowest to highest was as follow: RCM + nimodipine + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + Nao-Xue-Shu, and RCM.
Conclusion: Nao-Xue-Shu combined with nifedipine showed better effectiveness after treatment in HICH patients compared with the other combinations. Nao-Xue-Shu combined with EDA was more effective for improving neurological function and reducing both hematoma and edema volumes around the hematoma compared with the other combinations. However, Nao-Xue-Shu alone or Nao-Xue-Shu combined with nimodipine may be more effective for reducing proinflammatory factor expression.
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INTRODUCTION
Spontaneous intracerebral hemorrhage (SICH) is the deadliest, most disabling, and most difficult type of stroke to treat (Tapia-Pérez et al., 2014). Unlike most other stroke types, its morbidity and mortality rates have not decreased over time. It is estimated that over two million people are affected by intracerebral hemorrhage (ICH) worldwide each year. One-third of ICH patients die within 1 month, and a significant number of survivors are left with a permanent disability (Feigin et al., 2009; Steiner et al., 2011). Hypertension was also found to be the most important independent risk factor for patients with ICH, and it is present in about 50% of patients with ICH (Wityk and Caplan, 1992). Middle-aged and elderly people with untreated hypertension or uncontrolled treated hypertension are at risk of ICH, and this SICH caused by hypertension is called hypertensive ICH (HICH) (Woo et al., 2004; Xu et al., 2017).
For HICH patients, early hematoma removal may alleviate ischemia or remove toxic chemicals, thus reducing damage to the neurological tissue (Xi et al., 2006; Vespa et al., 2013). Surgery has the potential to improve neurological recovery after HICH. However, surgical treatment can only partially remove the hematoma, and completely removing the hematoma takes 3–5 days. In HICH patients, the presence of a post-operative edema band surrounding the hematoma and subsequent harm induced by the surgical procedure may limit the effectiveness of its treatment (Teernstra et al., 2003; Thompson et al., 2015). Furthermore, most prospective randomized controlled trials (RCTs) have failed to show that surgical treatment improves the prognosis in these patients (Auer et al., 1989; Batjer et al., 1990; Mendelow et al., 2005). Therefore, there is an urgent need to explore effective treatment options to improve clinical outcomes in patients with HICH.
In addition to active surgical treatment, many researchers have recently investigated the effectiveness of the conservative use of western medicine (such as antihypertensive drugs, anticoagulants, and dehydrant) and Chinese medicine (such as Nao-Xue-Kang and Nao-Xue-Shu) to replace treatment or as palliative treatment for HICH patients. Among them, Nao-Xue-Shu is a typical traditional Chinese medicine.
Nao-Xue-Shu promotes Qi, activates blood, and removes blood stasis, thereby promoting hematoma absorption, reducing brain edema around the hematoma, modulating inflammatory factor to improve the microenvironment, and reducing free radicals. Some researchers have used it alone or in combination with western medicine to treat HICH patients, and explored their effectiveness in reducing the volume of the hematoma and degree of edema around a hematoma in patients with HICH to improve nerve function damage and regulate inflammatory factors (Jiang et al., 2016). Currently, western drugs that have been explored include nimodipine, nifedipine, and edaravone (EDA), all of which had some effectiveness in improving vascular spasm, scavenging free radicals, and alleviating or preventing secondary brain injury after cerebral hemorrhage (Li et al., 2014; Zhang Z, 2017; Li, 2017; Zhang, 2019). However, there is still a lack of direct-comparison evidence between different western pharmaceuticals paired with Nao-Xue-Shu, and it is unclear which western drugs combined with Nao-Xue-Shu are best for patients with HICH. Therefore, the network meta-analysis indirect comparison principle was used to explore the efficacy of nimodipine, nifedipine, and EDA combined with Nao-Xue-Shu in patients with HICH and to analyze which western medicine combined with Nao-Xue-Shu is best for treating HICH patients using a sequencing method.
METHODS
The systematic review and network meta-analysis were performed according to the checklist of the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) extension statement for network meta-analysis.
Inclusion and Exclusion Criteria
The inclusion and exclusion criteria for this study were in accordance with the PICO (P: patient, I: intervention, C: comparison, O: outcome) principle. The inclusion criteria were as follows: patients with a history of hypertension and computed tomography scan-confirmed ICH at the time of the first onset and at least 18 years of age. In the intervention group, patients received Nao-Xue-Shu or Nao-Xue-Shu combined with a western medicine treatment in addition to the routine cure measures (RCM). In the control group, patients RCM alone or RCM combined with a western medicine treatment. Study types included RCTs or non-RCTs that enrolled at least 25 people. The primary outcome indicator was the clinical response rate after treatment (response rate = mostly cured + significant improvement + improvement) on the basis of the National Institutes of Health Stroke Scale (NIHSS) neurological deficit scores, which was classified as follows: 1) mostly cured, where the neurological deficit score decreased by 91–100 percent, and the disability degree was grade 0; 2) significantly improved, where the neurological deficit score decreased by 46–90 percent, and the disability degree was grade 1 to 3; 3) improved, where the neurological deficit score decreased by 18–45 percent; 4) no change, where the neurological deficit score decreased by 17 percent; 5) deterioration, where the neurological deficit score decreased or increased by more than 18 percent; and 6) death. Secondary outcome indicators were the volume of cerebral hematoma and edema after treatment and the concentration levels of interleukin (IL)-6 and tumor necrosis factor (TNF)-α after treatment.
The exclusion criteria were as follows: publications including patients with cerebral hemorrhage caused by rupture of cerebral arteriovenous malformations or trauma; publications including patients with severe heart, lung, liver, kidney, or coagulation dysfunction; single-arm trials; animal trials; and case reports.
Literature Search
“Intracranial hemorrhage,” “intracerebral hemorrhage,” “brain hemorrhage,” “Naoxueshu,” “Nao-Xue-Shu,” and “Nao Xue Shu” were used as MeSH search terms and keywords. A comprehensive search was conducted using the China National Knowledge Infrastructure (CNKI), Wanfang Database, VIP information database, Chinese Biomedical Database (CBM), PubMed, Embase, and Cochrane Library database from the database establishment 31 December 2021. Relevant references, abstracts of conference papers, ongoing or unpublished trials in World Health Organization clinical registries, and relevant meta-analyses or systematic reviews published in the past 3 years were searched manually and retrieved.
Data Screening and Quality Evaluation
All the retrieved publications were independently screened by two reviewers. The included RCTs were evaluated using the six aspects of the Cochrane risk of bias tool, as follows: randomization, allocation hiding, blind application, data integrity, selective reporting, and other biases. The included non-RCTs were evaluated using the three aspects of the Newcastle–Ottawa scale, as follows: selectivity, comparability, and results. Any problems or disagreements encountered in the process of screening, including analysis articles and quality assessment, were resolved by two reviewers after consultation or by a third reviewer through consultation.
Data Extraction
The following data from all the included articles were extracted using Microsoft Excel worksheets: author, publication year, country, study type, age, intervention measures, number of participants in each intervention group, and clinical outcome indicators (primary and secondary outcome indicators). For studies with missing data, the original author was contacted to try to obtain the data.
Statistical Analysis
The RevMan 5.3 (Cochrane Collaboration, London, United Kingdom) was used for paired meta-analysis. The relative ratio (RR) and 95% confidence interval (CI) were used for dichotomous data. The mean and standard deviation (SD) were used to evaluate the efficacy of different treatment regimens for continuous data. The heterogeneity was assessed using the Cochrane Q test and I2 statistic. I2<50% was considered to have low heterogeneity and a fixed-effect model was used, while I2>50% was considered to have high heterogeneity and a random-effect model was used. A funnel plot was performed when more than 10 articles were included, which was used to evaluated the potential publication bias. Statistical difference was considered when the two-sided p value was less than 0.05.
The network meta-analysis was performed using Stata 16.0 software (StataCorp, College Station, TX United States) to analyze the efficacy of different interventions. Before evaluating the direct and indirect evidence, we use the cut-off point method to verify whether there was inconsistency in the Network model. We used surface under the cumulative ranking curves (SUCRA) to rank the interventions for each outcome.
RESULTS
Literature Search
There were 1,001 articles that were retrieved. Among them, 134 duplicate articles were deleted after reading the titles and abstracts, and 808 articles were deleted on the basis of the research purpose and article type. Additionally, 20 articles were deleted on the basis of the inclusion and exclusion criteria. Finally, 25 articles were included in the network meta-analysis. The flow chart of the study selection process is shown in Figure 1. Nineteen RCT articles (Lu et al., 2004; Zhang and Ji, 2011; Yao, 2012; Li et al., 2014; Miao and Yan, 2014; Wang et al., 2014; Jiang et al., 2016; Wang et al., 2016; Zhang Z, 2017; Zhang T. J, 2017; Li, 2017; Wei and Ma, 2017; Yang et al., 2017; Zhu et al., 2017; Yi and Zeng, 2018; Zhou et al., 2018; Hou et al., 2019; Yang, 2019; Chen and Ma, 2020) and six non-RCT articles (Yang et al., 2015; Guo et al., 2017; Hao et al., 2018; Duan et al., 2019; Wang et al., 2019; Zhang, 2019) were included in the network meta-analysis, with a total sample size of 2,335 patients. Types of included studies, types of interventions, and other details are shown in Supplementary Table S1.
[image: Figure 1]FIGURE 1 | Flow chart of the study selection process.
Quality Evaluation
Nineteen RCTs were included in the analysis, all of which used the correct randomization method and had complete data. Except for Wang et al. (2014) (Wang et al., 2014) and Wang et al. (2016) (Wang et al., 2016), there were no selective reports. However, it is unclear whether implementation of the allocation concealment and blinding was performed correctly in most studies. Thus, the quality of the RCTs included in the analysis was moderate (Figure 2). The Newcastle–Ottawa Scale assessment tool was used for the six non-RCTs, which scored high in selectivity, comparability, and results (Supplementary Table S2), indicating that the included non-RCTs were of high quality.
[image: Figure 2]FIGURE 2 | Quality assessment of the included randomized controlled trials. (A) Each risk of bias item is presented as the percentages across all included studies. (B) Each risk of bias item for each included study. Green indicates a low risk of bias, yellow indicates an unclear risk of bias, and red indicates a high risk of bias.
Traditional Meta-Analysis and Publication Bias
Using the fixed-effect model, a subgroup analysis of the post-treatment efficiency of the different interventions revealed that there was no heterogeneity between subgroups (I2<50%, p > 0.1; Supplementary Figure S1). This analysis revealed that, compared with RCM, RCM combined with Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, and RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with EDA and Nao-Xue-Shu had higher post-treatment efficiency. Additionally, RCM combined with EDA and Nao-Xue-Shu also had a higher post-treatment response rate than RCM combined with EDA. Using the random-effect model, subgroup analysis of the NIHSS scores after treatment with different interventions indicated that there was significant heterogeneity between the subgroups (I2>50%, p < 0.1; Supplementary Figure S2). This analysis showed that compared with RCM, RCM combined with Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, and RCM combined with EDA and Nao-Xue-Shu had a lower NIHSS scores after treatment (the lower the NIHSS scores, the better the patient’s neurological function). However, the NIHSS scores of RCM combined with nimodipine were not lower than that of RCM alone. Additionally, NIHSS scores of RCM combined with EDA and Nao-Xue-Shu were not lower than RCM combined with EDA.
A funnel plot analysis was performed on the post-treatment efficiency of the two interventions, revealed that no evidence of publication bias was observed for the comparison and the results were statistically robust (Figure 3).
[image: Figure 3]FIGURE 3 | Funnel plots for the detection of publication bias on the post-treatment efficicency.
Network Meta-Analysis
Network Diagram of Different Intervention Measures
A direct comparison is shown if there is a direct line between the two intervention groups, but if there is no line, there is no evidence of a direct comparison. The dot size in the figure represents the sample size, and the line thickness represents the number of studies. RCM was found to be the most frequent control (Figures 4A–F).
[image: Figure 4]FIGURE 4 | Network charts. Network charts based on the (A) effectiveness of different interventions, (B) neurological deficit score, (C) hematoma volume after treatment, (D) edema volume after treatment, (E) IL-6 concentration after treatment, and (F) TNF-α concentration after treatment. IL, interleukin; TNF, tumor necrosis factor.
Inconsistency Test
There was no direct or indirect comparative evidence in the included studies, so no inconsistency test was conducted.
Sequence Diagram of Network Meta-Analysis
Among the articles included in the analysis, 17 reported post-treatment response rates, involving six different interventions, for which a network meta-analysis was performed (Figure 5A). This analysis revealed that RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with EDA and Nao-Xue-Shu, RCM combined with Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, and RCM combined with EDA had higher post-treatment effective rate than RCM for treating patients with HICH. The order of post-treatment effectiveness from best to worst was as follows: RCM combined nifedipine and Nao-Xue-Shu, RCM combined EDA and Nao-Xue-Shu, RCM combined Nao-Xue-Shu, RCM combined nimodipine and Nao-Xue-Shu, RCM combined EDA, and finally RCM.
[image: Figure 5]FIGURE 5 | The rank charts. Rank charts based on the (A) effectiveness of different interventions, (B) neurological deficit score, (C) hematoma volume after treatment, (D) edema volume after treatment, (E) IL-6 concentration after treatment, and (F) TNF-α concentration after treatment IL, interleukin; TNF, tumor necrosis factor.
There were 15 articles that included the NIHSS scores after treatment, involving seven different interventions. The network meta-analysis (Figure 5B) revealed that RCM combined with EDA and Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with EDA, RCM combined with nimodipine and Nao-Xue-Shu, RCM combined with Nao-Xue-Shu, and RCM combined with Nao-Xue-Kang had lower post-treatment NIHSS scores than RCM for treating patients with HICH. The order of post-treatment NIHSS scores from lowest to highest was as follows: RCM combined with EDA and Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with EDA, RCM combined with nimodipine and Nao-Xue-Shu, RCM combined with Nao-Xue-Shu, RCM combined with Nao-Xue-Kang, and finally RCM.
For the post-treatment hematoma volume, 14 studies involving six different interventions were analyzed in the network meta-analysis (Figure 5C). This analysis revealed that RCM combined with EDA and Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with Nao-Xue-Shu, and RCM combined with Nao-Xue-Kang had a smaller post-treatment hematoma volume than that of RCM for treating patients with HICH. The order of post-treatment hematoma volume from minimum to maximum was as follows: RCM combined with EDA and Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with Nao-Xue-Shu, RCM combined with Nao-Xue-Kang, and finally RCM.
For the post-treatment perihematoma edema volume, six studies involving five different interventions were analyzed using a network meta-analysis (Figure 5D). This analysis revealed that RCM combined with EDA and Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, and RCM combined with Nao-Xue-Shu showed a smaller post-treatment edema volume than that of RCM for treating patients with HICH. The order of post-treatment edema volume from minimum to maximum was as follows: RCM combined with EDA and Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, RCM combined with Nao-Xue-Shu, and finally RCM.
There were seven reports that presented the IL-6 concentration levels after treatment, involving five different interventions. A network meta-analysis was performed on these seven studies (Figure 5E), and it revealed that RCM combined with Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, and RCM combined with EDA and Nao-Xue-Shu showed lower post-treatment IL-6 concentration levels than those of RCM when treating HICH patients. The order of post-treatment IL-6 concentration levels from lowest to highest was as follows: RCM combined with Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with nimodipine and Nao-Xue-Shu, RCM combined with EDA and Nao-Xue-Shu, and finally RCM.
Additionally, there were five reports that presented the TNF-α concentration levels after treatment, involving four different interventions. The network meta-analysis (Figure 5F) revealed that RCM combined with nimodipine and Nao-Xue-Shu and RCM combined with nifedipine and Nao-Xue-Shu had lower post-treatment TNF-α concentration levels than RCM combined with those of Nao-Xue-Shu and RCM when treating HICH patients. The order of post-treatment TNF-α concentration levels from lowest to highest was as follows: RCM combined with nimodipine and Nao-Xue-Shu, RCM combined with nifedipine and Nao-Xue-Shu, RCM combined with Nao-Xue-Shu, and RCM.
DISCUSSION
HICH is a common neurosurgical disease, which can be life-threatening and also cause a heavy economic burden to patients’ families and to society (Zhang et al., 2014). Although adverse effects associated with HICH are well known, there have been no major advances in treatment regimens to date (Tang et al., 2018). Traditional medicine, especially Chinese medicine, is a complete medical system with thousands of years of application history, and its clinical practice mainly focuses on diagnosis and treatment. Chinese medicine has been shown to play a vital role in treating diseases such as diabetes, cancer, and rheumatoid arthritis (Wang S et al., 2021; Wang Y et al., 2021; Li et al., 2021; Xiang et al., 2021). Therefore, an increasing number of Chinese scholars began to explore the efficacy and safety of Chinese medicine therapy in patients with HICH.
Nao-Xue-Shu is a traditional Chinese patent medicine that is composed of astragalus root, leech, stone calamus, Achyranthes, cortex moutan, rhubarb, and Chuanxiong. Based on its beneficial effects of tonifying Qi, activating blood, and removing blood stasis, an increasing number of researchers are exploring the efficacy of this medicine alone or in combination with western medicine to treat HICH patients. However, it is unclear whether this drug is more effective when used alone or in combination with western medicine, and the best western medicine combined with Nao-Xue-Shu to treat HICH patients has not been determined.
Thus, the network meta-analysis indirect comparison principle was used to comprehensively search the existing clinical trials involving HICH treatment with Nao-Xue-Shu alone or in combination with different western medicines. Nineteen RCTs (Lu et al., 2004; Zhang and Ji, 2011; Yao, 2012; Li et al., 2014; Miao and Yan, 2014; Wang et al., 2014; Jiang et al., 2016; Wang et al., 2016; Zhang Z, 2017; Zhang T. J, 2017; Li, 2017; Wei and Ma, 2017; Yang et al., 2017; Zhu et al., 2017; Yi and Zeng, 2018; Zhou et al., 2018; Hou et al., 2019; Yang, 2019; Chen and Ma, 2020) and six non-RCTs (Yang et al., 2015; Guo et al., 2017; Hao et al., 2018; Duan et al., 2019; Wang et al., 2019; Zhang, 2019) were included. The results showed that compared with RCM, treating HICH patients with RCM + nifedipine + Nao-Xue-Shu, RCM + EDA + Nao-Xue-Shu, RCM + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, or RCM + EDA showed higher post-treatment effectiveness. HICH patients treated with RCM + EDA + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + EDA, RCM + nimodipine + Nao-Xue-Shu, RCM + Nao-Xue-Shu, or RCM + Nao-Xue-Kang showed lower post-treatment NIHSS scores compared with those of RCM. Additionally, RCM + EDA + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + Nao-Xue-Shu, or RCM + Nao-Xue-Kang treatment in HICH patients showed a smaller post-treatment hematoma volume compared with that of RCM, while RCM + EDA + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, or RCM + Nao-Xue-Shu showed a smaller post-treatment edema volume compared with RCM. Moreover, RCM + Nao-Xue-Shu, RCM + nifedipine + Nao-Xue-Shu, RCM + nimodipine + Nao-Xue-Shu, or RCM + EDA + Nao-Xue-Shu showed lower post-treatment IL-6 and TNF-α concentration levels compared with RCM.
Combined with the above analysis, Nao-Xue-Shu combined with nimodipine, nifedipine, or EDA had higher post-treatment efficiency and also significantly improved the neurological function compared with that of Nao-Xue-Shu alone. Additionally, the above-mentioned combinations of Chinese and western drugs reduced both the hematoma and edema volumes around hematoma and the release of pro-inflammatory factors compared with Nao-Xue-Shu alone. Among these combinations, Nao-Xue-Shu combined with nifedipine improved treatment effectiveness the most, while Nao-Xue-Shu combined with EDA improved the neurological function and reduced the hematoma and edema volumes around hematoma the most compared with the other groups. Furthermore, treatment with Nao-Xue-Shu alone or Nao-Xue-Shu combined with nimodipine may be more effective in reducing the expression level of pro-inflammatory factors compared with the other groups. Thus, we found that for HICH, various western drugs combined with Nao-Xue-Shu had their own therapeutic advantages. However, it remains unclear which western drugs combined with Nao-Xue-Shu are more suitable for HICH patients.
There are some limitations in this study. First, all studies included in the analysis were research from China, and because the included studies were not from any other countries or ethnic groups, we cannot determine whether Nao-Xue-Shu combined with western medicine can be generalized to other countries and ethnicities. Second, this analysis included non-RCTs and medium-quality RCTs, so high-quality, large-scale, multi-center RCTs are still needed to further verify the efficacy and safety of Nao-Xue-Shu combined with different western drugs to treat HICH patients.
CONCLUSION
The results of this network meta-analysis suggest that Nao-Xue-Shu combined with nifedipine showed better effectiveness after treatment in HICH patients compared with the other combinations. Nao-Xue-Shu combined with EDA was more effective for improving neurological function and reducing both hematoma and edema volumes around the hematoma compared with the other combinations. However, Nao-Xue-Shu alone or Nao-Xue-Shu combined with nimodipine may be more effective for reducing proinflammatory factor expression.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
CT performed the study subject and design, data extraction, statistical analysis, interpretation of data and manuscript drafting. LM contributed to the study design, data extraction, statistical analysis and manuscript revising. MF contributed to the study design, data extraction, statistical analysis and interpretation of data. LX and WQ performed study design, statistical analysis, and critical revision of manuscript. FM and ZZ extracted the data. SD and HQ were involved in critical revision of manuscript. The final manuscript was approved by all authors.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2022.892904/full#supplementary-material
REFERENCES
 Auer, L. M., Deinsberger, W., Niederkorn, K., Gell, G., Kleinert, R., Schneider, G., et al. (1989). Endoscopic Surgery versus Medical Treatment for Spontaneous Intracerebral Hematoma: a Randomized Study. J. Neurosurg. 70 (4), 530–535. doi:10.3171/jns.1989.70.4.0530
 Batjer, H. H., Reisch, J. S., Allen, B. C., Plaizier, L. J., and Su, C. J. (1990). Failure of Surgery to Improve Outcome in Hypertensive Putaminal Hemorrhage. A Prospective Randomized Trial. Arch. Neurol. 47 (10), 1103–1106. doi:10.1001/archneur.1990.00530100071015
 Chen, y. y., and Ma, W. Q. (2020). Effects of Naoxueshu Oral Liquid Combined with Edaravone on Inflammatory Factors and Nerve Function in Patients with Hypertensive Cerebral Hemorrhage. Chin. J. Med. , 33 (1), 67–70. doi:10.19296/j.cnki.1008-2409.2020-01-017
 Duan, J. Q., Wang, X. F., Wang, Y., and Yao, S. (2019). Effect of Naoxueshu Oral Liquid Combined with Step-Down Strategy on Absorption Rate of Hematoma and Recovery of Nerve Function in Patients with Hypertensive Cerebral Hemorrhage. Chin. J. Integr. Med. Cardio-/Cerebrovascular Dis. 17 (3), 429–432. 
 Feigin, V. L., Lawes, C. M., Bennett, D. A., Barker-Collo, S. L., and Parag, V. (2009). Worldwide Stroke Incidence and Early Case Fatality Reported in 56 Population-Based Studies: a Systematic Review. Lancet Neurol. 8 (4), 355–369. doi:10.1016/S1474-4422(09)70025-0
 Guo, B. Q., Xie, M. L., Yang, Y. L., Ma, T., and Li, L. H. (2017). Effects of Naoxueshu Oral Liquid Combined with Edaravone on the Treatment of Hypertensive Cerebral Hemorrhage and the Effects of Serum IL-6, IL-1β and MMP-9. J. Mod. Biomed. Adv. 17 (21), 4071–4074. doi:10.13241/j.cnki.pmb.2017.21.017
 Hao, Y., Wang, W. B., Zhou, H., Huang, X. X., WangY, S., Yang, X., et al. (2018). Effect of Naoxueshu Oral Liquid on Intracerebral Hematoma Absorption in Patients with Hypertensive Cerebral Hemorrhage. J. Neurology Neurorehabilitation 14 (03), 147–153. 
 Hou, J., Ren, Q. H., Zhang, Y., and Feng, L. L. (2019). Effect of Naoxueshu Oral Liquid on Hypertensive Cerebral Hemorrhage. Chin. J. Integr. Med. Cardio-/Cerebrovascular Dis. 17 (18), 2876–2878. 
 Jiang, H., Qin, Y., Liu, T., Zhang, L., Wang, M., Qin, B., et al. (2016). Nao-Xue-Shu Oral Liquid Protects and Improves Secondary Brain Insults of Hypertensive Cerebral Hemorrhage. Evid. Based Complement. Altern. Med. 2016, 9121843. doi:10.1155/2016/9121843
 Li, S. H., Han, X. H., Jiang, G. Y., Zhang, H. J., and Huang, W. (2014). Observation on Efficacy of Minimally Invasive Removal of Intracranial Hematoma Combined with Naoxueshu Oral Liquid in the Treatment of Hypertensive Cerebral Hemorrhage. Chin. J. Pract. Nerv. Dis. 1717, 82–83. 
 Li, X. J. (2017). Observation on Clinical Efficacy and Mechanism of Naoxueshu Oral Liquid with Beneficial Effect of Qi Removing Stasis and Eliminating Phlegm in Preventing Secondary Brain Injury from Hypertensive Cerebral Hemorrhage. Health Care Guide 201738, 63–64. doi:10.3969/j.issn.1006-6845.2017.38.058
 Li, Z., Feiyue, Z., and Gaofeng, L. (2021). Traditional Chinese Medicine and Lung Cancer--From Theory to Practice. Biomed. Pharmacother. 137, 111381. doi:10.1016/j.biopha.2021.111381
 Lu, M., Xie, R. P., Fu, Y., and Xie, D. Z. (2004). A Comparative Study on the Treatment of Hypertensive Cerebral Hemorrhage with Naoxueshu Oral Liquid. Chin. J. Rehabilitation Theory Pract. 10 (005), 304–305. 
 Mendelow, A. D., Gregson, B. A., Fernandes, H. M., Murray, G. D., Teasdale, G. M., Hope, D. T., et al. (2005). Early Surgery versus Initial Conservative Treatment in Patients with Spontaneous Supratentorial Intracerebral Haematomas in the International Surgical Trial in Intracerebral Haemorrhage (STICH): a Randomised Trial. Lancet 365 (9457), 387–397. doi:10.1016/S0140-6736(05)17826-X
 Miao, W. C., and Yan, R. (2014). Effect of Naoxueshu Oral Liquid on Hypertensive Cerebral Hemorrhage. Chin. J. Pract. Nerv. Dis. 17 (14), 102–103. 
 Steiner, T., Petersson, J., Al-Shahi Salman, R., Christensen, H., Cordonnier, C., Csiba, L., et al. (2011). European Research Priorities for Intracerebral Haemorrhage. Cerebrovasc. Dis. 32 (5), 409–419. doi:10.1159/000330653
 Tang, Y., Yin, F., Fu, D., Gao, X., Lv, Z., and Li, X. (2018). Efficacy and Safety of Minimal Invasive Surgery Treatment in Hypertensive Intracerebral Hemorrhage: a Systematic Review and Meta-Analysis. BMC Neurol. 18 (1), 136. doi:10.1186/s12883-018-1138-9
 Tapia-Pérez, J. H., Gehring, S., Zilke, R., and Schneider, T. (2014). Effect of Increased Glucose Levels on Short-Term Outcome in Hypertensive Spontaneous Intracerebral Hemorrhage. Clin. Neurol. Neurosurg. 118, 37–43. doi:10.1016/j.clineuro.2013.12.018
 Teernstra, O. P., Evers, S. M., Lodder, J., Leffers, P., Franke, C. L., and Blaauw, G. (2003). Stereotactic Treatment of Intracerebral Hematoma by Means of a Plasminogen Activator: a Multicenter Randomized Controlled Trial (SICHPA). Stroke 34 (4), 968–974. doi:10.1161/01.STR.0000063367.52044.40
 Thompson, B. G., Brown, R. D., Amin-Hanjani, S., Broderick, J. P., Cockroft, K. M., Connolly, E. S., et al. (2015). Guidelines for the Management of Patients With Unruptured Intracranial Aneurysms. Stroke 46 (8), 2368–2400. doi:10.1161/str.0000000000000070
 Vespa, P. M., Martin, N., Zuccarello, M., Awad, I., and Hanley, D. F. (2013). Surgical Trials in Intracerebral Hemorrhage. Stroke 44 (6 Suppl. 1), S79–S82. doi:10.1161/STROKEAHA.113.001494
 Wang, M. Z., Zhang, L., Jiang, W. F., Liao, W. L., Dang, C. J., and Pan, W. L. (2016). Study on the Clinical Efficacy and Mechanism of Invigorating Qi, Removing Stasis and Eliminating Phlegm to Prevent Secondary Brain Injury after Hypertensive Intracerebral Hemorrhage. World J. Integr. Traditional West. Med. 1111, 1544–1547. doi:10.13935/j.cnki.sjzx.161118
 Wang, S., Hou, Y., Li, X., Meng, X., Zhang, Y., and Wang, X. (2021). Practical Implementation of Artificial Intelligence-Based Deep Learning and Cloud Computing on the Application of Traditional Medicine and Western Medicine in the Diagnosis and Treatment of Rheumatoid Arthritis. Front. Pharmacol. 12, 765435. doi:10.3389/fphar.2021.765435
 Wang, S. X., Song, R. X., Wang, Z., Wang, Z. W., Li, S. J., and Xing, H. S. (2014). Evaluation of Clinical Efficacy of Naoxueshu Oral Liquid in Promoting Hematoma Absorption. Chin. J. Integr. Med. Cardio-/Cerebrovascular Dis. 2014 (004), 452–453. 
 Wang, Y., Chen, S., Du, K., Liang, C., Wang, S., Owusu Boadi, E., et al. (2021). Traditional Herbal Medicine: Therapeutic Potential in Rheumatoid Arthritis. J. Ethnopharmacol. 279, 114368. doi:10.1016/j.jep.2021.114368
 Wang, Z. W., Xu, P. M., Shi, W. C., Zhang, S. X., and Wu, J. Y. (2019). Clinical Observation on the Treatment of Hypertensive Cerebral Hemorrhage by Naoxueshu Oral Liquid Combined with Minimally Invasive Removal of Intracranial Hematoma. J. Clin. Ration. Drug Use , 12 (10), 59–60. doi:10.15887/j.cnki.13-1389/r.2019.10.030
 Wei, J. Q., and Ma, J. (2017). Effect of Naoxueshu Oral Liquid on Perfusion of Tissue Around Hematoma after Hypertensive Intracerebral Hemorrhage. Chin. J. Integr. Med. Cardio-/Cerebrovascular Dis. 15 (22), 2909–2912. 
 Wityk, R. J., and Caplan, L. R. (1992). Hypertensive Intracerebral Hemorrhage. Epidemiology and Clinical Pathology. Neurosurg. Clin. N. Am. 3 (3), 521–532. doi:10.1016/s1042-3680(18)30643-0
 Woo, D., Haverbusch, M., Sekar, P., Kissela, B., Khoury, J., Schneider, A., et al. (2004). Effect of Untreated Hypertension on Hemorrhagic Stroke. Stroke 35 (7), 1703–1708. doi:10.1161/01.STR.0000130855.70683.c8
 Xi, G., Keep, R. F., and Hoff, J. T. (2006). Mechanisms of Brain Injury after Intracerebral Haemorrhage. Lancet Neurol. 5 (1), 53–63. doi:10.1016/S1474-4422(05)70283-0
 Xiang, Y., Shujin, L., Hongfang, C., Yinping, W., Dawei, Y., Zhou, D., et al. (2021). Artificial Intelligence-Based Diagnosis of Diabetes Mellitus: Combining Fundus Photography with Traditional Chinese Medicine Diagnostic Methodology. BioMed Res. Int. 2021, 5556057. doi:10.1155/2021/5556057
 Xu, X., Zheng, Y., Chen, X., Li, F., Zhang, H., and Ge, X. (2017). Comparison of Endoscopic Evacuation, Stereotactic Aspiration and Craniotomy for the Treatment of Supratentorial Hypertensive Intracerebral Haemorrhage: Study Protocol for a Randomised Controlled Trial. Trials 18 (1), 296. doi:10.1186/s13063-017-2041-1
 Yang, C. G., Wang, Y. Y., Bai, Y. J., Yao, Y., Li, R. J., Wang, X. H., et al. (2017). Clinical Observation of Naoxueshu Oral Liquid in the Treatment of Secondary Neurological Impairment after Minimally Invasive Drainage of Cerebral Hemorrhage. Chin. J. Integr. Med. Cardio-/Cerebrovascular Dis. 15 (17), 2205–2207. 
 Yang, G. H. (2019). Observation on Clinical Efficacy of Naoxueshu Oral Liquid Combined with Edaravone in the Treatment of Hypertensive Cerebral Hemorrhage. Electron. J. Clin. Med. Literature 6 (81), 169–170. doi:10.16281/j.cnki.jocml.2019.81.136
 Yang, Y. Q., Xue, T., Yan-qing, Y., and Xue, T. (2015). Clinical Study on the Treatment of Hypertensive Cerebral Hemorrhage with Naoxueshu Oral Liquid Combined with Nimodipine. J. Mod. Med. Clin. 30 (11), 1341–1344. 
 Yao, Y. H. (2012). Clinical Study on Early Application of Shuxuetong Injection in the Treatment of Cerebral Hemorrhage. Chin. J. Clin. Investigation 25 (1), 38–39. 
 Yi, S. H., and Zeng, W. Y. (2018). Clinical Observation of Edaravone Combined with Naoxueshu Oral Liquid in the Treatment of Cerebral Hemorrhage. J. Prim. Care Med. Forum 22 (6), 793. doi:10.19435/j.1672-1721.2018.06.050
 Zhang, R. Y., and Ji, D. (2011). Clinical Study of Edaravone Combined with Naoxueshu Oral Liquid in the Treatment of Hypertensive Cerebral Hemorrhage. Chin. Foreign Med. Res. 9 (7), 13–14. doi:10.14033/j.cnki.cfmr.2011.07.093
 Zhang, T. J. (2017). Effect of Naoxueshu Oral Liquid Combined with Edaravone on Cerebral Hemorrhage. Guangming J. Chin. Med. 327, 1028–1029. 
 Zhang, W. T., Zhao, X., and Jin, X. Y. (2014). Curative Effect of Minimally Invasive Hematoma Removal Combining with Heparin-Saline Continuous Irrigation in 48 Cases with Hypertensive Cerebral Hemorrhage. Chin. J. Pract. Nerv. Dis. 17 (15), 119–120. 
 Zhang, Y. J. L. (2019). Effect Analysis of Naoxueshu Oral Liquid and Nimodipine in the Treatment of Hypertensive Cerebral Hemorrhage. North. Med. 16 (2), 2. 
 Zhang, Z. (2017). Observe the Clinical Effect of Edaravone Combined with Naoxueshu Oral Liquid in the Treatment of Acute Hypertensive Cerebral Hemorrhage. Psychol. Sci. 23 (13), 56–57. 
 Zhou, L. Y., Dai, Y. Q., Bao, Z. J., Hu, X., and Bao, C. Y. (2018). Clinical Effect of Naoxueshu Oral Liquid Combined with Nifedipine on Patients with Hypertensive Cerebral Hemorrhage and its Influence on Prognosis. J. Liaoning Univ. Traditional Chin. Med. 20 (2), 111–114. doi:10.13194/j.issn.1673-842x.2018.02.032
 Zhu, L., Fan, Z. G., Guo, S. W., and Lu, J. (2017). Effect of Naoxueshu Oral Liquid on Hypertensive Cerebral Hemorrhage. Chin. J. Integr. Med. Cardio-/Cerebrovascular Dis. 15 (009), 1142–1143. 
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Mei, Fengqun, Xiaozhuo, Qing, Mingming, Zhengyao, Dongpo, Qian and Tong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-892904-g005.gif





OPS/images/fphar-13-892904-g003.gif





OPS/images/fphar-13-892904-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Effect Western Medicines Combined With Nao-Xue-Shu in Patients With Hypertensive Intracerebral Hemorrhage: A Network Meta-Analysis		Introduction

		Methods		Inclusion and Exclusion Criteria

		Literature Search

		Data Screening and Quality Evaluation

		Data Extraction

		Statistical Analysis





		Results		Literature Search

		Quality Evaluation

		Traditional Meta-Analysis and Publication Bias

		Network Meta-Analysis





		Discussion

		Conclusion

		Data Availability Statement

		Author Contributions

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
'frontiers ‘ Frontiers in Pharmacology

Effect Western Medicines
Combined With Nao-Xue-Shu in
Patients With Hypertensive
Intracerebral Hemorrhage: A
Network Meta-Analysis





OPS/images/fphar-13-892904-g001.gif
- P

pre—






OPS/images/fphar-13-892904-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





