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Background: Patient's care bundle has been found to have a beneficial effect on refractory diseases, but the preventive effect of this strategy on stroke-associated pneumonia (SAP) remains unclear. The purpose of this meta-analysis was to determine the role of the patient's care bundle in the prevention of SAP.

Methods: A systematic search was conducted in five electronic databases to identify randomized controlled trials (RCTs) published before January 31, 2022. The incidence of SAP and aspiration and the length of hospital stay were assessed. Random pair-wise meta-analysis was conducted using Review Manager 5.4, and trial sequential analysis (TSA) was also performed.

Results: Twenty eligible RCTs involving 1916 patients were included for data analysis. Pooled results suggested that patient's care bundle was associated with significantly lower incidence of SAP (risk ratio [RR], 0.37; 95% CI, 0.29–0.46; p < 0.001; I2 = 0%) and aspiration (RR, 0.23; 95% CI, 0.15–0.35; p < 0.001; I2 = 0%). Meanwhile, patient's care bundle also significantly shortened the length of hospital stay for general patients (mean difference [MD], −3.10; 95% CI, −3.83 to −2.37; p < 0.001; I2 = 16%) and the length of intensive care unit (ICU) stay for patients with severe stoke (MD, −4.85; 95% CI, −5.86−3.84; p < 0.001; I2 = 0%). Results of TSA confirmed that none of the findings could be significantly reversed by future studies.

Conclusions: The patient's care bundle effectively prevents the occurrence of SAP and aspiration and shortens the hospital stay of stroke patients. However, it is necessary to design more high-quality studies to further validate our findings and investigate their applicability in other geographical regions.
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Background

Stroke-associated pneumonia (SAP) refers to new-onset pneumonia within the first week after stroke (1–3), and was first defined by Hilker et al. (4). As one of the most common complications in stroke patients, the incidence of SAP is 6.7% to 37.98% (5–8). SAP is considered an important risk factor for death after stroke because stroke patients have a worse prognosis if SAP is diagnosed (9). Studies have shown that the presence of SAP is associated with increased risk of morbidity, increased 30-day incidence, and increased 1-year mortality, making patients experience an extended length of hospitalization and more medical expenditures (10–12). Notably, pneumonia has been shown to significantly increase the risk of multiple non-pneumonic medical complications in patients with AIS, such as gastrointestinal bleeding and recurrent stroke (7). Therefore, it's essential to prevent the occurrence of SAP (13).

Nursing interventions play a significant role in the comprehensive management of stroke patients (14). Traditionally, routine care interventions are implemented daily for caring for stroke patients based on clinical experience; however, it cannot fully address all the problems faced by stroke patients due to several inherent problems (15, 16). Recently, patient's care bundle has been widely used to manage refractory conditions in clinical practice (17, 18). Previously published studies have evidenced that the application of the care bundle is associated with a lower incidence of ventilator-associated pneumonia and central line-associated bloodstream infection (19, 20). Meanwhile, studies have also shown that the care bundle may prevent the development of SAP and improve the functional outcomes in patients with ischemic stroke (21).

Currently, the components of the care bundles for SAP preventions varied in literatures; however, four major aspects were consistently involved in the currently available bundles, including feeding management, body position management, oral care, and respiratory tract management (22). Nevertheless, several randomized controlled trials (RCTs) (23–26) with limited sample sizes have been conducted to investigate the interventional effect of care bundle on the prevention of SAP in stroke patients; however, these studies have reported conflicting results. However, the exact role of the care bundle in preventing SAP in stroke patients remains unclear. Therefore, we performed this meta-analysis with the trial sequential technique to systematically determine the role of the care bundle in preventing SAP in stroke patients.



Materials and methods

We designed this meta-analysis following the recommendations of the Cochrane handbook for systematic review (27), although no formal protocol was publicly reported. In addition, we reported pooled results according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (28). Certainly, as a meta-analysis of published studies, ethical approval and informed consent from patients are not required.


Study identification

We systematically searched PubMed, EMBASE, the Cochrane Library, China National Knowledge Infrastructure (CNKI), Wanfangdata, and the Chinese Biological Medical Database (Sinomed) for potentially eligible randomized controlled trials (RCTs) from inception until January 31, 2022. Two investigators (Feng Guo and Qiao Fan) independently conducted literature searches, and literature searches were unrestricted. The following terms were used to develop the search strategies using the medical subject heading (MeSH) in combination with text terms: (“stroke” or “cerebrovascular accident” or “brain vascular accident” or “apoplexy”) and (“pneumonia” or “pneumonitis”) and (“care bundle” or “cluster care” or “intensive nursing”). Supplementary Table S1 summarizes the full search strategies for three English databases. We also screened a reference list of eligible studies to search for additional studies. Any disagreements were resolved by consulting a third senior investigator (Donghai Sun).



Study selection

We developed a literature database by importing retrieved records into EndNote software, and then automatically deduplicated records. Eligibility was assessed based on screening of title, abstract, and full-text. Briefly, the following inclusion criteria were used to evaluate the eligibility for each study: (a) adult stroke patients verified by CT or MRI within 24 h of admission; (b) patients were managed with the care bundle or routine care protocols; (c) studies reported incidence of SAP and aspiration and the length of hospital stay; and (d) studies were reported as RCTs with full-texts.

We excluded studies if they met at least one of the following criteria: (a) patients were confirmed to have SAP before assessment; (b) studies were repeated reported; (c) conference abstracts with insufficient data; and (d) essential data that cannot be supplemented after contacting the corresponding author were missing.



Data extraction

Two independent investigators (Qiao Fan and Xiaoli Liu) extracted basic information from each study using the standard data extraction sheet. Specifically, the following data were extracted: the basic information of references (the first author's name, year of publication, and country), the baseline characteristics of patients (sample size, sex ratio, age of patients, disease duration, and Glasgow Coma Scale [GSC]), details of interventions, and outcomes of interest. In addition, we extracted information related to methodological quality. Any disagreements were resolved by consulting a third senior investigator (Xiaoli Liu).



Outcomes of interest

We defined the incidence of SAP as the primary outcome of this meta-analysis. In addition, we defined the incidence of aspiration and the length of hospital stay as the secondary outcomes. In this meta-analysis, we included dysphagia-caused aspiration, a common stroke sequela caused by bulbar palsy, as it increases the risk of SAP (29).



Methodological quality

We assessed the methodological quality of included studies using the Cochrane Collaboration risk of bias tool (30), which was performed by two independent investigators (Qiao Fan and Xiaoli Liu). In this tool, the methodological quality assessment covers six domains, including selection bias (random sequence generation and allocation concealment), performance bias (blinding of personnel and participants), detection bias (blinding of outcome assessment), attrition bias (incomplete outcome data), reporting bias (selective reporting), and other bias. Briefly, the individual domain was labeled with high, unclear, or low risk, depending on whether a study was insufficient, unclear, or well-conducted with relevant information. Any disagreements were resolved by consulting a third senior investigator (Feng Guo) to achieve consensus.



Statistical analysis

We expressed estimates of SAP and aspiration using risk ratio (RR) with the corresponding 95% CI. Meanwhile, the mean difference (MD) with the corresponding 95% CI was used to express the estimate of the length of hospital stay. We performed Chi-square test to determine whether there was heterogeneity across studies (31, 32). Then, the I2 statistic was used to quantify the level of statistical heterogeneity (33). Significant heterogeneity was considered to exist if a p value of <0.1 and an I2 of >50% were generated. We selected the random-effects model to calculate estimates regardless of the level of statistical heterogeneity, as differences between studies cannot be completely eliminated in a real setting (33). However, if significant statistical heterogeneity was detected, we performed a sensitivity analysis to check the robustness of the pooled results. For the length of hospital stay, we performed a subgroup analysis to calculate overall estimates based on stroke severity. Finally, we used Begg's and Egger's tests to check for publication bias if the cumulative number of eligible studies for individual outcomes exceeded ten (34). All statistical analyses were performed using Review Manager (RevMan) (version 5.4, the Nordic Cochrane Center, the Cochrane Collaboration, Copenhagen, 2014) (27), and publication bias examination was conducted using STATA 14.0 (State Corporation, Lake Way, Texas, USA). Statistical significance was described as p < 0.05.



Trial sequential analysis

If estimates are repeated by introducing additional studies, the risk of false-positive results increases significantly. It's unreasonable to determine whether definitive conclusions can be drawn based on the conventional significance level (p < 0.05). Therefore, trial sequential analysis (TSA) was designed to help draw conclusions (35) by adjusting the conventional significance levels to construct trial sequential monitoring boundaries and estimate the required information size. A definitive conclusion can be drawn if the cumulative Z-curve crosses the trial sequential monitoring boundaries or the futility boundaries or the accumulated sample size was larger than the required information size. We defined a type I error of 5% and a statistical power of 90% to calculate the required information size. The incidence of SAP and aspiration was set at a relative risk reduction of 20% and the control incidence was calculated from the meta-analysis. For the length of hospital stay, mean difference and variance were calculated from empirical information. Heterogeneity was corrected using a model-based variance.




Results


Study selection

We retrieved 184 studies from five target databases using a sensitive search strategy. After the EndNote software automatically removed 60 duplicate studies, the titles and abstracts of the remaining 124 studies were screened, and 89 studies were further excluded. After a careful review of the full texts of the remaining 35 studies, 15 ineligible studies were excluded due to ineligible patients (n = 2), conference abstract (n = 3), vague diagnostic criteria (n = 4), ineligible design (n = 3), irrelevant topic (n = 1), and absence of outcome (n = 2). Ultimately, 20 studies (23–26, 36–51) were judged to meet the selection criteria. We created Figure 1 to depict the process of study retrieval and selection.


[image: Figure 1]
FIGURE 1. PRISMA flow chart of study identification and selection. CNKI, China National Knowledge Infrastructure. Sinomed, Chinese Biomedical Literature Database.




Characteristics of studies

Table 1 summarizes the baseline characteristics of 20 eligible studies. All studies were published between 2011 and 2021. The sample size of each study ranged from 60 to 190, with a cumulative number of 1,916. Five studies (24, 39, 45, 48, 50) included only patients with severe strokes; however, only 2 studies (48, 50) reported GSC. All patients received standard stroke treatment, such as anticoagulant therapy and therapeutic strategy for improving cerebral circulation. None of the studies reported details of antibiotic use. The routine care protocols in all studies covered the essential elements (i.e., basic nursing, dietary nursing, and specialized nursing for neurological conditions), revealing comparability. All studies (23–26, 36–51) reported the incidence of SAP as the primary outcome. In addition, nine studies (37–41, 43, 46, 49, 50) reported the incidence of aspiration, and 9 studies (24, 25, 39, 41, 45, 47–50) reported the length of hospital stay as the secondary outcomes.


Table 1. Basic information of 20 eligible studies in the present meta-analysis.
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Risk of bias

Although all eligible studies were described as RCTs, only 6 studies (23–26, 38, 43) described the methods for generating random sequences. What's more, it's unclear whether allocation concealment was conducted in all eligible studies due to inadequate information. Performance and detection bias were judged to be at unclear risk because none of the studies introduced methods for blinding personnel, participants, and outcome assessors. All studies were assessed as low risk for attrition and reporting biases. Two studies (36, 45) were rated as high risk for other biases due to the small sample size (≤30). The detailed bias risk assessment is summarized in Figure 2.


[image: Figure 2]
FIGURE 2. Risk of bias summary. Three colors including green, yellow, and red were used to represent the level of risk, which was corresponding to low, unclear, and high risk, respectively.




Incidence of SAP

The meta-analysis showed that, compared with routine care protocol, the patient's care bundle was associated with a significantly lower incidence of SAP (RR, 0.37; 95%CI, 0.29–0.46; p < 0.01; Figure 3A), indicating a considerably preventive effect on the occurrence of SAP. Substantial statistical heterogeneity was not detected (I2 = 0%, p = 0.95). The result of the TSA revealed that the cumulative Z-curve crossed the trial sequential monitory boundary for benefit after the seventh study was added although the required information size of 2,773 was not achieved (Figure 3B), indicating that a definitive conclusion was drawn.


[image: Figure 3]
FIGURE 3. Synthesis analysis of the incidence of stroke-associated pneumonia. (A) forest plot and (B) results of TSA. CI, confidence interval; TSA, trial sequential analysis.




Incidence of aspiration

The meta-analysis showed that patients who received a care bundle had a significantly lower aspiration compared with patients assigned to the routine care protocol (RR, 0.23; 95% CI, 0.15–0.35; p < 0.001; Figure 4A). No significant statistical heterogeneity was detected in this outcome (I2 = 0%, p = 0.97). The result from TSA suggested that cumulative Z-curve crossed the trial sequential monitoring boundary for benefit after the sixth study was added even though the required information size of 3,466 was not achieved (Figure 4B), indicating that no future study was required to validate this finding.


[image: Figure 4]
FIGURE 4. Synthesis analysis of the incidence of aspiration. (A) forest plot and (B) results of TSA. CI, confidence interval; TSA, trial sequential analysis.




Length of hospitalization

We performed a subgroup analysis to determine whether the patient's care bundle could shorten the length of hospital stay based on stroke severity, which was determined using GSC scores. Four studies (25, 41, 47, 49) reported the length of hospital stay in patients with non-severe stroke, and the pooled result suggested that the care bundle significantly shortened the length of hospital stay compared with routine care protocol (MD, −3.10; 95% CI, −3.83 to −2.37; p < 0.001; I2 = 16%; Figure 5A). TSA indicated a definitive conclusion because the cumulative Z-curve crossed the trial sequential monitoring boundary for benefit and information threshold (required information size = 164) after the second study was added (Figure 5B). Five studies (24, 39, 45, 48, 50) reported the length of ICU stay for patients with severe stroke, and the pooled result suggested that the care bundle was associated with a significantly shortened length of ICU stay (MD, −5.12; 95% CI, −5.73 to −4.51; p < 0.001; I2 = 0%; Figure 5A). A definitive conclusion was drawn from TSA because the first information fraction exceeded 100% of the required information size when the first study was introduced (Figure 5C).


[image: Figure 5]
FIGURE 5. Synthesis analysis of the length of hospital stay. (A) forest plot (B) results of TSA for hospital stay (C) results of TSA for ICU stay. CI, confidence interval; TSA, trial sequential analysis.




Publication bias

For all outcomes, only the cumulative number of eligible studies reporting the incidence of SAP was greater than 10. Therefore, we performed the Begg's and Egger's tests to assess the risk of publication bias. As displayed in Figures 6A,B, an asymmetric plot was created for both Begg's test (z = 3.83, p < 0.001) and Egger's test (t = −6.48, p < 0.001), indicating the presence of publication bias.


[image: Figure 6]
FIGURE 6. Publication bias examination based on (A) Begg's funnel plot and (B) Eggr's funnel plot.





Discussion

To our knowledge, this is the first meta-analysis with trial sequential analysis to investigate the preventive effect of the patient's care bundle on SAP in stroke patients. Pooled results from 20 eligible RCTs involving 1,916 stroke patients suggested that, compared with routine care strategies, the patient's care bundle effectively prevented the occurrence of SAP and aspiration. Meanwhile, the patient's care bundle was also associated with the shortened length of hospitalization, especially the length of ICU stays among severe stroke patients.

SAP can be avoided through a variety of measures, such as organized stroke care. Sari et al. (52) reported a high incidence of SAP with severe neurological deficits on admission and dysphagia in a stroke care unit setting. In addition, Turner et al. (21) discovered that achieving a care bundle for ischemic stroke could significantly reduce the occurrence of SAP. It should be noted that the majority of currently available care strategies are single or multiple preventive interventions that are not evidence-based (22). Evidence-based protocol initiated by nurses for syndrome management is scientific, effective, targeted, safe, and systematic in stroke units (53). Patient's care bundle was first proposed by the Institute for Healthcare Quality Improvement (IHI) in 2001 and were subsequently defined as a nursing cluster involving 3–5 evidence-based, interrelated, simple, clear, and feasible practice measures (54). Specifically, the patient's care bundle provides further optimized nursing services for patients (54). Therefore, compared with an individual one of practice measures, a better effect will achieve for the treatment and recovery of patients after combining all measures (55). Actually, studies have suggested that accurate and effective implementation of the care bundle significantly reduced the risk of SAP and improved the functional prognosis in stroke patients (52, 56). Although some eligible studies indicated a comparable preventive effect of the care bundle with routine care strategies in the incidence of SAP and aspiration, it could not neglect that an insufficient sample size was included in these studies. Because of this reason, we conducted the TSA method to confirm that our findings could not be significantly reversed by future studies.

Several methodological advantages enhance the robustness and reliability of this meta-analysis. First, we systematically searched five databases for possible relevant studies, which greatly reduced the risk of missing eligible studies. Second, we selected the random-effects model to estimate results, which also greatly the reliability of pooled results. Third, Egger's and Begg's funnel plots were created to examine the risk of publication bias, greatly reducing the subjective error of visual inspection. Fourth, we introduced the TSA method to confirm the robustness of findings by creating adjusted monitoring boundaries, which significantly decreased the risk of drawing fallacious conclusions.

We must admit that some limitations compromise the reliability and robustness of our findings. First, we included 20 eligible RCTs for data analysis; however, each eligible study enrolled a small sample size. Therefore, the risk of fraudulent increases significantly. However, we conducted TSA to confirm the reliability of the conclusions. Second, the overall methodological quality was moderate due to insufficient explanation of methods of random sequence generation, and allocation concealment. Furthermore, there was no detailed description of allocation concealment or blinding of personnel, participants, and outcome assessors, which may have introduced some bias. Third, the applicability of our findings should be interpreted for other ethnic patients because all eligible studies were conducted in China. Fourth, although five databases were searched to identify 20 eligible studies, publication bias was still detected for the incidence of SAP. Nevertheless, we conducted TSA to decrease the risk of a false conclusion. Fifth, we did not register the formal protocol of this meta-analysis, which might bring some bias. However, we strictly developed an outline according to the recommendations made by the Cochrane handbook to possibly eliminate bias. Sixth, most eligible studies did not report stroke durations, which makes us could not investigate the impact of onset of stroke on interventional effects by introducing subgroup analysis. Moreover, these eligible studies did not report the type of units, staffing levels, mechanical thrombectomy, and thrombolysis, which might result in some biases. Finally, the effect of the antibiotics did not show in all eligible RCTs, so it may be a new direction of future research.



Conclusion

Based on the results of 20 eligible RCTs, this meta-analysis suggests that the patient's care bundle is effective in preventing the occurrence of SAP and aspiration and shortening the length of hospital stay in stroke patients. However, it is necessary to design more high-quality studies to further validate our findings and investigate their applicability in other geographical regions.



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/s.



Author contributions

FG: conceptualization and project administration. QF and XL: methodology. DS: software and supervision. FG and QF: validation, resources, writing original draft preparation, and visualization. FG and DS: formal analysis and writing review and editing. FG and XL: data curation. All authors have read and agreed to the published version of the manuscript.



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.



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/fneur.2022.950662/full#supplementary-material



Abbreviations

SAP, stroke-associated pneumonia; AIS, acute ischemic stroke; RCTs, randomized controlled trials; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; CNKI, China National Knowledge Infrastructure; Sinomed, Chinese Biological Medical Database; MeSH, medical subject heading; CT, computed tomography; MRI, magnetic resonance imaging; GSC, Glasgow Coma Scale; RR, risk ratio; CI, confidence interval; MD, mean difference; RevMan, Review Manager; TSA, trial sequential analysis; ICU, intensive care unit.



References

 1. Kumar S, Selim MH, Caplan LR. Medical complications after stroke. Lancet Neurol. (2010) 9:105–18. doi: 10.1016/S1474-4422(09)70266-2

 2. Wang YJ, Li ZX, Gu HQ, Zhai Y, Jiang Y, Zhao XQ, et al. China Stroke Statistics 2019: A Report From the National Center for Healthcare Quality Management in Neurological Diseases, China National Clinical Research Center for Neurological Diseases, the Chinese Stroke Association, National Center for Chronic and Non-communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention and Institute for Global Neuroscience and Stroke Collaborations. Stroke Vasc Neurol. (2020) 5:211–39. doi: 10.1136/svn-2020-000457

 3. Tong X, Kuklina EV, Gillespie C, George MG. Medical complications among hospitalizations for ischemic stroke in the United States from 1998 to 2007. Stroke. (2010) 41:980–6. doi: 10.1161/STROKEAHA.110.578674

 4. Hilker R, Poetter C, Findeisen N, Sobesky J, Jacobs A, Neveling M, et al. Nosocomial pneumonia after acute stroke: implications for neurological intensive care medicine. Stroke. (2003) 34:975–81. doi: 10.1161/01.STR.0000063373.70993.CD

 5. Smith CJ, Bray BD, Hoffman A, Meisel A, Heuschmann PU, Wolfe CD, et al. Can a novel clinical risk score improve pneumonia prediction in acute stroke care? A UK multicenter cohort study. J Am Heart Assoc. (2015) 4:e001307. doi: 10.1161/JAHA.114.001307

 6. Badve MS, Zhou Z, van de Beek D, Anderson CS, Hackett ML. Frequency of post-stroke pneumonia: systematic review and meta-analysis of observational studies. Int J Stroke. (2019) 14:125–36. doi: 10.1177/1747493018806196

 7. Ji R, Wang D, Shen H, Pan Y, Liu G, Wang P, et al. Interrelationship among common medical complications after acute stroke: pneumonia plays an important role. Stroke. (2013) 44:3436–44. doi: 10.1161/STROKEAHA.113.001931

 8. Sui R, Zhang L. Risk factors of stroke-associated pneumonia in Chinese patients. Neurol Res. (2011) 33:508–13. doi: 10.1179/016164111X13007856084205

 9. Zou J, Qiu G. Comparison of current methods with neutrophil-to-lymphocyte ratio in predicting stroke-associated pneumonia [Letter]. Neuropsychiatr Dis Treat. (2022) 18:109–10. doi: 10.2147/NDT.S355854

 10. Finlayson O, Kapral M, Hall R, Asllani E, Selchen D, Saposnik G. Risk factors, inpatient care, and outcomes of pneumonia after ischemic stroke. Neurology. (2011) 77:1338–45. doi: 10.1212/WNL.0b013e31823152b1

 11. Ingeman A, Andersen G, Hundborg HH, Svendsen ML, Johnsen SP. In-hospital medical complications, length of stay, and mortality among stroke unit patients. Stroke. (2011) 42:3214–8. doi: 10.1161/STROKEAHA.110.610881

 12. Katzan IL, Cebul RD, Husak SH, Dawson NV, Baker DW. The effect of pneumonia on mortality among patients hospitalized for acute stroke. Neurology. (2003) 60:620–5. doi: 10.1212/01.WNL.0000046586.38284.60

 13. Vermeij JD, Westendorp WF, Dippel DW, van de Beek D, Nederkoorn PJ. Antibiotic therapy for preventing infections in people with acute stroke. Cochrane Database Syst Rev. (2018) 1:Cd008530. doi: 10.1002/14651858.CD008530.pub3

 14. Xu Q, Zhuang H, Xie Y. Study on the related risk factors and targeted nursing effects in multi-drug resistant bacteria infections in elderly patients with stroke-associated pneumonia. Am J Transl Res. (2021) 13:9860–5.

 15. Atwa H, AbdAllah N, Abd El Gawad H. Pattern and outcome of pediatric head injuries in the Suez Canal Region: a follow-up study. J Egypt Public Health Assoc. (2017) 92:11–7. doi: 10.21608/EPX.2018.6647

 16. Spatz DL, SPN. Position statement: the role of pediatric nurses in the promotion and protection of human milk and breastfeeding. J Pediatr Nurs. (2017) 37:136–9. doi: 10.1016/j.pedn.2017.08.031

 17. Parry-Jones AR, Moullaali TJ, Ziai WC. Treatment of intracerebral hemorrhage: From specific interventions to bundles of care. Int J Stroke. (2020) 15:945–53. doi: 10.1177/1747493020964663

 18. Purvis T, Middleton S, Craig LE, Kilkenny MF, Dale S, Hill K, et al. Inclusion of a care bundle for fever, hyperglycaemia and swallow management in a National Audit for acute stroke: evidence of upscale and spread. Implement Sci. (2019) 14:87. doi: 10.1186/s13012-019-0934-y

 19. Salama MF, Jamal W, Al Mousa H, Rotimi V. Implementation of central venous catheter bundle in an intensive care unit in Kuwait: Effect on central line-associated bloodstream infections. J Infect Public Health. (2016) 9:34–41. doi: 10.1016/j.jiph.2015.05.001

 20. Salmond SW, Echevarria M, Allread V. Care bundles: increasing consistency of care. Orthop Nurs. (2017) 36:45–8. doi: 10.1097/NOR.0000000000000311

 21. Turner M, Barber M, Dodds H, Murphy D, Dennis M, Langhorne P, et al. Implementing a simple care bundle is associated with improved outcomes in a national cohort of patients with ischemic stroke. Stroke. (2015) 46:1065–70. doi: 10.1161/STROKEAHA.114.007608

 22. Liu ZY, Wei L, Ye RC, Chen J, Nie D, Zhang G, et al. Reducing the incidence of stroke-associated pneumonia: an evidence-based practice. BMC Neurol. (2022) 22:297. doi: 10.1186/s12883-022-02826-8

 23. Huang XF. Analysis on clinical effect of care bundle in patients with ischemic stroke receiving interventional therapy. Yiyao Qianyan. (2020) 10:181–2. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEg55aXlxeTIwMjAxMTE0MhoIc3hrbjlkaHI%3D

 24. Mou J. The preventive and nursing effect of care bundle on patients with stroke associated pneumonia treated by medical ICU strategy. Super Baby. (2020) 232. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEg1teXNqMjAyMDE5MjI2Ggh2MjZ6bDMzeQ%3D%3D

 25. Xie RY. Study on the Effect of Evidence-based Bundle Care for Preventing Aspiration Pneumonia in Stroke Patients With Nasal Feeding. Nanjing: Journal of Nanjing University of Traditional Chinese Medicine, Nanjing University of Chinese Medicine. (2020).

 26. Zhao TT, Fan HQ, Wang Y. The effect of evidence-based bundle care for preventing aspiration pneumonia in stroke patients with nasal feeding. Mod J Integr Trad Chin West Med. (2021) 30:2149–52. Available online at: https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=XDJH202119025&uniplatform=NZKPT&v=h_SrF2kmDn2IMcwzJk76KNr-ZOcQM6adEGmLm8eOPBquk9L-Fyn40u999IxahENA

 27. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ. Cochrane Handbook for Systematic Reviews of Interventions version 6.2. Cochrane (2021). Available online at: https://training.cochrane.org/handbook#how-to-access

 28. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ. (2021) 372:n160. doi: 10.1136/bmj.n160

 29. Pekacka-Egli AM, Herrmann J, Spielmanns M, Goerg A, Schulz K, Zenker E, et al. Inhalation therapy with nebulized capsaicin in a patient with oropharyngeal dysphagia post stroke: a clinical case report. Geriatrics (Basel). (2022) 7:27. doi: 10.3390/geriatrics7020027

 30. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928

 31. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. (2002) 21:1539–58. doi: 10.1002/sim.1186

 32. Bowden J, Tierney JF, Copas AJ, Burdett S. Quantifying, displaying and accounting for heterogeneity in the meta-analysis of RCTs using standard and generalised Q statistics. BMC Med Res Methodol. (2011) 11:41. doi: 10.1186/1471-2288-11-41

 33. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 34. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

 35. Wetterslev J, Jakobsen JC, Gluud C. Trial sequential analysis in systematic reviews with meta-analysis. BMC Med Res Methodol. (2017) 17:39. doi: 10.1186/s12874-017-0315-7

 36. Chen ZW, Qi Y. Impact of early cluster nursing on stroke associated pneumonia. Chin J Geriatr Care. (2017) 15:126–9. doi: 10.3969/j.issn.1672-4860.2017.05.059 Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEhF6Z2xuYmp5eDIwMTcwNTA1ORoIYnRhZTI5YWo%3D

 37. Ding LY. The preventive effect of care bundle on stroke associated pneumonia in stroke patients. Cap Med. (2019) 26:118–9. doi: 10.3969/j.issn.1005-8257.2019.09.102. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEg1zZHl5MjAxOTA5MTAyGgg2ejI4enVtaA%3D%3D

 38. Jiang S, Xu Y. Preventive effect of cluster nursing on aspiration in patients with severe stroke. J Clin Nurs Pract. (2017) 2:31,7.

 39. Liang SL. Application of cluster nursing in the prevention of stroke associated pneumonia. J Med Theory Pract. (2015) 28:121–2. doi: 10.19381/j.issn.1001-7585.2015.01.083. Available online at: https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2015&filename=YXLL201501086&uniplatform=NZKPT&v=N9yIokMF62_1_fcLVL20iseP7seuBAyAmhNbwn9qfb-QtQpQn3AQL9Z0zSH075TP

 40. Liu CX, Zhou JM. Application of care bundle in the prevention and management of stroke-associated pneumonia. Chin J Hosp Pharm. (2016) 8:151. Available online at: https://d.wanfangdata.com.cn/conference/ChZDb25mZXJlbmNlTmV3UzIwMjIxMDEyEgc4OTY4MzQyGggxZmR5djRybg%3D%3D

 41. Liu RX, Liu Y. Effect of care bundle in preventing stroke associated pneumonia. Chin Gen Pract Nurs. (2017) 15:2347–8. doi: 10.3969/j.issn.1674-4748.2017.19.017. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEg1qdGhzMjAxNzE5MDE4Ggg5MXZmaG5nZg%3D%3D

 42. Lu JC, Zhu KP. Application effect of care bundle in treating stroke patients complicated with pneumonia. Today Nurse. (2015) 20–1. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEhFkZGhzLXhzYjIwMTUwOTAwORoIZzU5bG1jdmQ%3D

 43. Meng LQ. Application effect of cluster nursing in prevention of aspiration pneumonia in patients with nasal feeding for stroke. Syst Med. (2020) 5:193–5. doi: 10.19368/j.cnki.2096-1782.2020.14.193. Available online at: https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2020&filename=XTYX202014080&uniplatform=NZKPT&v=OskkjHZAqGrtqPtHhNQwrcY97ajNlg3T9f9KW3Rpk9F7mHPlRkbgRNUSadvD1K1R

 44. Miao XF. Application effect of care bundle in stroke patients with nasal feeding. Mod Diagn Treat. (2019) 30:2321–3. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEhB4ZHpkeXpsMjAxOTEzMDc4GghneDd6cWd5eg%3D%3D

 45. Ouyang SF. Study on the application effect of care bundle in the prevention of stroke associated pneumonia in stroke patients. Chin Med J Metall Ind. (2016) 33:122–3. doi: 10.13586/j.cnki.yjyx1984.2016.01.126. Available online at: https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2016&filename=ZGYJ201601126&uniplatform=NZKPT&v=txADzaWuxb339ET–bKYpR42tNZXsqp-3PHzWMDEuKQ81CaB_4M0e9Yl_5e-cp3v

 46. Su SY. Application of care bundle in the prevention of stroke associated pneumonia. Nurs Pract Res. (2011) 8:31–2. doi: 10.3969/j.issn.1672-9676.2011.15.015. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEhB0bHNqeXlqMjAxMTE1MDE1Ggg2a25lM2djNw%3D%3D

 47. Sun F, Li HJ, Liu R, Liu JX. Clincal effect of care bundle in treating and controling stroke associated pneumonia. China Health Care Nutr. (2016) 26:140–1. doi: 10.3969/j.issn.1004-7484.2016.22.185. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEhJ6Z2JqeXkta3AyMDE2MjIxODUaCHhydjQzcXVo

 48. Wu JF. Application of cluster nursing in preventing stroke associated pneumonia in stroke patients. Healthful Friend. (2019) 18:206. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEg1qa3p5MjAxOTE4Mjk0GghmY3Rscmp2Mw%3D%3D

 49. Wu N. Application effect of care bundle for preventing stroke associated pneumonia. Med Inf. (2014) 27:402. doi: 10.3969/j.issn.1006-1959.2014.35.624. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEg95eHh4enoyMDE0MzU2MjQaCGYxMWI5bnFx

 50. Zhang HX. The effect of care bundle in preventing and caring patients with stroke associated pneumonia. Int J Nurs. (2018) 37:1511–4. doi: 10.3760/cma.j.issn.1673-4351.2018.11.025. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEhNnd3l4LWhseGZjMjAxODExMDI1GghlNWkzbms4Mg%3D%3D

 51. Zhao HZ, Li CP, Lu J, Liu Y. Role of care bundle in preventing stroke associated pneumonia. Seek Med Ask Med. (2012) 10:611. Available online at: https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjIxMDEzEhFxeXd5LXhzYjIwMTIwNDY0ORoIN2o3bXdnMTU%3D

 52. Sari IM, Soertidewi L, Yokota C, Kikuno M, Koga M, Toyoda K. Comparison of Characteristics of Stroke-Associated Pneumonia in Stroke Care Units in Indonesia and Japan. J Stroke Cerebrovasc Dis. (2017) 26:280–5. doi: 10.1016/j.jstrokecerebrovasdis.2016.09.018

 53. Middleton S, McElduff P, Ward J, Grimshaw JM, Dale S, D'Este C, et al. Implementation of evidence-based treatment protocols to manage fever, hyperglycaemia, and swallowing dysfunction in acute stroke (QASC): a cluster randomised controlled trial. Lancet. (2011) 378:1699–706. doi: 10.1016/S0140-6736(11)61485-2

 54. Khan R, Al-Dorzi HM, Al-Attas K, Ahmed FW, Marini AM, Mundekkadan S, et al. The impact of implementing multifaceted interventions on the prevention of ventilator-associated pneumonia. Am J Infect Control. (2016) 44:320–6. doi: 10.1016/j.ajic.2015.09.025

 55. Yan Y, Luo J, Pei L, Zeng J, Yan W, Xu D, et al. Effect of a care bundle combined with continuous positive airway pressure in the postanesthesia care unit on rapid recovery after pulmonary tumor resection. J Healthc Eng. (2021) 2021:5906855. doi: 10.1155/2021/5906855

 56. Hortmann M, Lad T, Christ M. Care bundles for community-acquired pneumonia in the emergency department. Eur J Emerg Med. (2014) 21:321–2. doi: 10.1097/MEJ.0000000000000163



OPS/images/fneur-13-950662-g005.gif
bt 55 to it 85 Vot vpe MRt aimdei
e
T A —
EEETH e auem p e tmwn
B BRIREIM EEE 0 T
Bifge, WU WO G BEE S
EooL T &
mmey =
mmmm o =
e —
HEE <
HEE






OPS/images/fneur-13-950662-g006.gif





OPS/images/fneur-13-950662-g003.gif
ot _Eueste Tait woight Y] Y]
5 B e eaerie —
H 2 la —
H S im o Satwem e
H FRR R e —
K s im o sasmen e
H ) ] e
i R ] —
4 3 im o ogemim —
s S omemim  ———
H R i —
H 5w amem —
H 3 % ocaemin —
H B A odenim =
@ Soanm sEekim —
£ S 5% oBmin —
H R ——
K Sm 0 oemem ———
@ B i Snened —
K B im o Saswi —
H PR ] —
- mee emen .
Tus 0000010100 0 05 o D e
e 8 s <o 3 o
k= [ ——"

i






OPS/images/fneur-13-950662-g004.gif





OPS/images/fneur-13-950662-t001.jpg
References Country Samplesize, Age, years Disease GCSs Preventive interventions

(male/female) duration, d
Zhao etal. (26) China 62(36126)vs. (659468 vs.  (117£6.1)vs. n Nasogastric tube maintenance, aseptic operation, body
62 (34/28) (68.57.1) (1£5.1) position change, assistance to expectorate sputum and clear
foreign bodies, aerosol inhalation if necessary.
Xie (25) China 432419) v, (664%162) vs. nr. Nasogastric tube maintenance, oral care, assistance to
43 25/18) (70.9%12.8) expectorate sputum and clear foreign bodies.
Livand Zhou (40)  China 41 2912) vs. (43-88) vs. nr. nr. Feeding management, respiratory tract management, body
4127114) (45-89) position management.
Zhang (50) China 60(38/22) vs.  (64.2 104) vs. nr. (5,85 1.45) vs.  Body position change, oral care, feeding management,
60 (35/25) (664 11.3) (612132)  assistance to expectorate sputum and clear foreign bodies.
Ding (37) China 52vs.52 625424 nr. nr. Gastric tube maintenance, oral care, body position change,
(64/40) assistance to expectorate sputum and clear foreign bodies.
Ouyang (45) China 30(19/1D)vs.  (623%53) vs. nr nr. Gastric tube maintenance, oral care, body position change,
30 (18/12) (652+52) assistance to expectorate sputum and clear foreign bodies.
W (48) China 35 (19/16) vs. (62£8)vs. nr. (5714 113) vs.  Position change, oral care, assistance to expectorate sputum
35 (20/15) (63.5+38.5) (588+136)  and clear foreign bodies.
Sun etal. (47) China 100 vs.90 nr nr. nr. Gastric tube maintenance, oral care, body position change,
assistance to expectorate sputum and clear foreign bodies.
Huang (23) China 50(35/15)vs. (61598 vs. nr. . Gastric tube maintenance, oral care, body position change,
50 (36/14) (615£98) respiratory tract management.
Luand Zhu (42)  China 32vs.32 62-87 nr. nr. Gastric tube maintenance, oral care, body position change,
(41/23) assistance to expectorate sputum and clear foreign bodies.
Zhaoetal. (51) China 40(32/8)vs.30  (36-82) vs. nr nr. Oral care, feeding management, body position management,
713 (40-81) and respiratory tract management.
Su (46) China 63 (46/17) vs. (40-81) vs. nr. nr. Gastric tube maintenance, oral care, body position
(63 (44/19) (41-80) ‘management, assistance to expectorate sputum and clear
foreign bodies.
Wu (49) China 59vs.59 528442 nr nr. Gastric tube maintenance, oral care, body position change,
(64/54) respiratory tract management.
Mou (24) China 35(323)vs.35  (489£5.6) vs. nr. nr. Nasogastric tube maintenance, oral care, position change,
(30/5) (165 £33) assistance to expectorate sputum and clear foreign bodies.
Livetal. (41) China 72(4527) vs. (650 £ 1.5) vs. nr. nr. Nasogastric tube maintenance, oral care, body position
72(41/31) (630£25) change, assistance to expectorate sputum and clear foreign
bodies.
Miao (41) China 34Q113)vs. (687 £6.1)vs. nr. nr. Nasogastric tube maintenance, oral care, body position
34 2014) (67.8%+52) change, assistance to expectorate sputum and clear foreign
bodies.
Meng (43) China 400812) v (666£37) Vs (58£03)vs. nr. Nasogastric tube maintenance, oral care, body position
40 27/13) (667 £3.7) (57403) change, assistance to expectorate sputum and clear foreign
bodies.
Liang (39) China S5(124)vs. (65 £ 1) vs. nr. nr. Nasogastric tube maintenance, aseptic operation, oral care,
55(33/22) (63%25) body position change, assistance to expectorate sputum and
clear foreign bodies,
Jiang and Xu (38)  China 35Q1/14)vs. (652 77)vs. nr. nr. Nasogastric tube maintenance, assistance to expectorate
35 (2015) (65.0£7.8) sputum and clear foreign bodies.
Chen etal. (36) China 30(16/14) vs.  (67.9%8.4) vs. nr. nr. Body position change, aseptic operation, assistance to
30 (19/11) (668 £7.8) expectorate sputum and clear foreign bodies.

sgow Coma Scale; SAP, stroke-associated pneumo
trokes; n.a., not applicable.

; AP, aspiration; LOH, length of hospital stay; n.r., not reported. For condition, both indicated inclusion of patients with
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