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Predicting prognosis using stroke-heart indicator: brain natriuretic peptide in patients with aneurysmal subarachnoid hemorrhage
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Objective: This study aims to explore the correlation between brain natriuretic peptide (BNP) levels and prognosis in patients suffering from aneurysmal subarachnoid hemorrhage (aSAH).

Methods: This retrospective study included patients diagnosed with aneurysmal subarachnoid hemorrhage (aSAH) at Beijing Tiantan Hospital between January 2015 and September 2021. Plasma BNP levels were measured upon admission and log-transformed to reduce skewness. Elevated BNP was defined as lgBNP ≥1.79 (equivalent to BNP ≥62 pg./mL). The primary outcome was poor prognosis, defined as a modified Rankin Scale (mRS) score ≥ 3 at 90 days. Univariable and multivariable logistic regression analyses were conducted to examine the association between BNP levels and prognosis. Additionally, we assessed the potential impact of incorporating BNP into a predictive model for poor prognosis.

Results: The statistical analysis encompassed a total of 932 patients. Among them, 171 individuals experienced unfavorable prognosis (mRS ≥3) during follow-up, and 444 patients had elevated BNP levels, defined as lgBNP ≥1.79. After accounting for confounding factors, elevated BNP levels remained a significant independent risk factor of a poor prognosis (p = 0.047, OR = 1.49, 95%CI = 1.01–2.20). Nevertheless, BNP’s predictive value alone might not warrant its inclusion in a prognostic model.

Conclusion: Elevated BNP levels independently forecast unfavorable prognosis in patients with aSAH, even though the cutoff value is lower than the cardiology standards. Continuous monitoring and personalized hospitalization plans can be vital for these patients.
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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a common neurosurgical condition characterized by the rupture of cerebrovascular structures, leading to bleeding into the subarachnoid space. According to a survey conducted by the World Health Organization (WHO), the annual incidence of aSAH in China is reported to be 2.0 per 100,000 population (1).

aSAH not only inflicts significant pain on patients but also carries a high mortality rate, ranging from 32 to 67%. Furthermore, one-third of survivors are left with physical disabilities (2). Additionally, aSAH can give rise to various complications, including vasospasm, delayed cerebral ischemia (DCI), and hydrocephalus (3–5). Given these factors, it is crucial to assess the risk of poor prognosis during hospitalization and identify patients who require intensive treatment. Currently, widely employed evaluation methods involve the use of various scoring scales. While these scales provide a quantitative assessment of patients’ condition, they have certain limitations in practical application. For instance, patients with aSAH may exhibit varying degrees of consciousness disorders, which can influence the scoring process. Moreover, symptom-based scoring systems rely on the subjective judgment of physicians, leading to potential discrepancies among different raters. Conducting systematic scoring is time-consuming and may be challenging for larger medical centers, and it could also cause dissatisfaction among patients. Therefore, it is important to identify more convenient and direct indicators for evaluating patients’ condition and prognosis.

B-type natriuretic peptide (BNP) is a vasodilatory peptide secreted by ventricular cardiomyocytes and hypothalamus (6). It is released in response to cardiomyocyte stretching caused by elevated filling pressure, and it plays a role in regulating blood pressure and fluid balance. BNP has been recognized as a biomarker for cardiac dysfunction (7, 8). It is worth noting that many patients with neurological injuries also experience secondary cardiac injury (9). As a biomarker for cardiac dysfunction, BNP has been found to be elevated in the acute phase of traumatic brain injury, and it has been associated with intracranial pressure (ICP), hydrocephalus, and stroke severity (10, 11).

Some researchers have explored the predictive value of cardiac biomarkers, such as cardiac troponin I (cTnI), for the prognosis of patients with aSAH and ischemic stroke (12, 13). As for BNP, recent studies have shown that BNP is independently associated with short-term outcomes following the onset of ischemic stroke (14, 15). Furthermore, there have been suggestions regarding the possibility of BNP being a novel risk factor of early postoperative seizures (16).

Previous studies investigating the relationship between BNP and outcomes in aSAH have been limited by smaller sample sizes. In addition, they mainly focus on outcome events such as cerebral infarction, delayed cerebral ischemia (DCI), or mortality (17–19). Our study, with a larger cohort, shifts the focus toward functional outcomes, as assessed by the modified Rankin Scale (mRS), providing a more comprehensive evaluation of patient prognosis and long-term neurological recovery.



Methods


Study population

We collected data from aSAH patients who were hospitalized in Beijing Tiantan Hospital between January 2015 and September 2021. The inclusion criteria for the study were as follows: (1) Age of 18 years or older; (2) Confirmed diagnosis of aSAH through computed tomography, lumbar puncture, or magnetic resonance imaging; (3) Signed informed consent. The main exclusion criteria were as follows: (1) physical disability due to any previous disease; (2) treatment including external ventricular drainage, lumbar puncture, angiography, intubation, and/or mechanical ventilation at other hospitals before presentation to our hospital; and (3) missing data, including medical, radiological, and laboratory information. A total of 932 patients were included in the analysis. The process of patient selection is illustrated in Figure 1, illustrating the study’s flowchart. All patients included in this analysis were participants in the Long-term Prognosis of Emergency Aneurysmal Subarachnoid Hemorrhage (LongTEAM) Registry study, with registration number NCT 04785976.
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FIGURE 1
 Study flowchart. aSAH, aneurysmal subarachnoid hemorrhage.




Ethical standards

This study was approved by the ethics committee of Beijing Tiantan Hospital. All participants or their legal representatives have duly endorsed informed consent. The hospitalization procedures were meticulously established in strict adherence to the prescribed guidelines (20).



Clinical variables

All the data used in this study were obtained from patients’ medical records. The baseline data included the following variables: age, gender, hypertension, hyperlipemia, diabetes mellitus, hydrocephalus, admission coma or seizure, and various neurological scores including Graeb score, subarachnoid hemorrhage early brain edema (SEBES) score, modified Fisher scale (mFS) grade, World Federation of Neurological Surgeons (WFNS) grade, Hunt-Hess (H-H) grade, mRS. The treatment modalities were categorized as surgery and microscopic clipping/endovascular coiling. The neurological scores were transformed into categorical variables based on the following criteria: Graeb score of 5–12, SEBES score of 3–4, mFS grade of 3–4, WFNS grade of 4–5, H-H grade of 4–5, and mRS score of 3–6 were defined as indicators of poor condition, respectively.



Outcome measures

All the patients received follow-up via telephone or outpatient 90 days after discharge. 3-month mRS 3–6 was defined as poor prognosis. Complication such as delayed cerebral ischemia (DCI) defined as reduction in blood flow to brain that occurs after a significant brain injury was documented too. BNP was measured routinely at the time of emergency admission for all aSAH patients as part of standard clinical practice.



Statistic analysis

All analyses were performed using SPSS Statistics 26.0 (IBM, Armonk, New York, United States) and R (version 2.12.2). Two-tailed p values <0.05 were considered statistically significant. Descriptive variables were summarized as mean ± SD or median with interquartile range for continuous variables, and categorical variables were summarized as frequencies (percentage). Student’s t-test or the Mann–Whitney test were used to compare the quantitative variables, and The χ2 test or Fisher’s exact tests were used within categorical variables.

We examined the factors associated with elevated BNP to identify which variables need adjustment in the multivariable regression model and assessed the logical coherence between variables, thereby enhancing the credibility of the analysis (21).

To build a regression model and evaluate the predictive value of BNP, both uni-and multivariate analysis were performed to evaluate the influence of each variable on exceeded 90-day mRS score. In the univariable analysis, we included clinical factors commonly associated with outcomes in aSAH, based on prior research and clinical relevance. These factors were selected a priori to ensure comprehensive coverage of potential confounders. For the multivariable analysis, significant variables from the univariable analysis (p < 0.05) were included in a stepwise logistic regression model. In addition to variables that were significant in univariable analysis (p < 0.05), certain factors, such as sex, were included in the multivariable analysis based on their established clinical relevance and prior evidence from the literature. This approach ensures that potential confounders with known prognostic importance are adequately controlled for, even if their univariable association with the outcome was not statistically significant. We employed a stepwise logistic regression approach (Likelihood Ratio method) to construct the final multivariable model. This method iteratively selects variables based on their contribution to model fit, excluding those that are nonsignificant in the multivariable context.

To compare the discriminatory performance of the predictive models, we used the DeLong test to evaluate whether the inclusion of BNP in the model resulted in a significant improvement in the area under the receiver operating characteristic (AUC). Additionally, to further assess the clinical utility of BNP in the predictive model, we performed the Net Reclassification Improvement (NRI) test. The NRI quantifies the improvement in the reclassification of patients into more accurate risk categories with the inclusion of BNP. This test is particularly useful for capturing changes in risk classification, even in cases where the AUC difference may be modest.

To mitigate issues of multicollinearity and heteroscedasticity and transform the data to approximate a normal distribution logarithmic transformation was performed for BNP. We created a receiver operating characteristic (ROC) curve to assess the relationship between BNP and admission mRS, and determined the cutoff value using Youden’s index. Additionally, we also used the cardiology standards (lgBNP≥2 vs. <2) to explore the relationship between BNP and the 3-month mRS score.




Results


Baseline characteristics

A total of 932 patients with aSAH were recruited in our study, their baseline characteristics are shown as Table 1. Among the patients, 553 (59.3%) were female. The mean age was 55.4 ± 11.3 years old. 486 (52.1%) accepted surgical treatment, and the rest accepted interventional therapy. 36 (3.9%) suffered loss of consciousness and seizure. At admission, 377 (40.4%) patients’ nervous system were in bad condition (mRS 3–6), and 172 (18.4%) had higher mRS in our follow-up, which means poor prognosis. After calculating Youden’s index, lgBNP ≥1.79 was defined as indicative of elevated BNP and 444 (47.6%) patients’ BNP exceeded this standard.



TABLE 1 Patients’ baseline characteristics.
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Association between BNP and other variables

In univariate analyses, there were significant associations between elevated BNP and age, gender, hydrocephalus, DCI and worse nervous system score such as Graeb, mFS, WFNS and H-H grade. After adjustment for confounding factors, age, gender, mFS, WFNS and DCI still remain the significant association (Table 2). The abnormal increase of BNP shows similar tendency with neurological score. Patients with elevated BNP have more risk suffering from DCI. The association between elevated BNP and increased risk of DCI was confirmed in the multivariable logistic regression model (OR 1.61, 95% CI: 1.19–2.18, p = 0.002).



TABLE 2 Association between BNP and other variables.
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Risk factors of poor prognosis

In our follow-up, 171 patients’ mRS score ranged from 3 to 6. In univariate analysis, higher mRS showed significant association with higher age, surgical treatment, hypertension, hydrocephalus, elevated BNP and higher nervous system score including Graeb, mFS, WFNS and H-H. After adjusting for age, sex, hypertension, hydrocephalus, the forward stepwise multivariate analysis showed that age (p < 0.001, OR = 1.07, 95%CI = 1.05–1.09), higher Graeb score (p = 0.004, OR = 2.46, 95%CI = 1.33–4.55), higher WFNS grade (p < 0.001, OR = 3.38, 95%CI = 2.06–5.52), higher H-H grade (p = 0.005, OR = 2.56, 95%CI = 1.34–4.91), surgical treatment (p < 0.001, OR = 2.77, 95%CI = 1.84–4.17), higher BNP (p = 0.047, OR = 1.49, 95%CI = 1.01–2.20) were independent risk factors of poor prognosis (Table 3). In the univariable analysis, mFS grade (p < 0.001), Hypertension (p = 0.001), Hydrocephalus (p = 0.017), and lgBNP≥2 (p = 0.001) were identified as significant. However, these variables were excluded during stepwise selection due to their lack of independent significance in the multivariable context.



TABLE 3 Risk factors of poor prognosis (3-months mRS).
[image: Table3]

We enrolled these independent risk factors in a model and drew its ROC and calculated the AUC (AUC1; Figure 2). The AUC1 is 0.828, which means the model can play a role in predicting poor prognosis. To evaluate if elevated BNP deserves being added in predict model of poor prognosis, we built another model excluding BNP and calculated its AUC (AUC2; Figure 2). The two AUC showed no differences (AUC1 0.828, 95% CI 0.793–0.862 vs. AUC2 0.828, 95% CI 0.794–0.862). The DeLong test showed that the inclusion of BNP did not result in a statistically significant improvement in AUC (p = 0.596), indicating that BNP did not substantially enhance the model’s discriminatory ability. The NRI value was 0.0111 (p = 0.401), suggesting that the inclusion of BNP led to a modest, though statistically non-significant, improvement in risk reclassification. It seems that BNP does not have enough value to be added in the predict model of poor prognosis.

[image: Figure 2]

FIGURE 2
 ROC1 (red): the predict model with BNP (Variables included: age, WFNS grade, sugery, BNP, Graeb score, H-H grade) ROC2 (blue): the predict model without BNP (Variables included: age, WFNS grade, sugery, Graeb score, H-H grade) AUC, area under the curve.





Discussion

In our study, we discovered that age, gender, and certain rating scales (with the exception of SEBES) were associated with BNP levels. After adjusting for these variables, BNP remained an independent risk factor of the 3-month modified Rankin Scale (mRS) score. Similar findings have been observed in the studies conducted by James and Amber (22, 23). However, the former study only reported the association in univariate analysis, and the latter study used cTnI instead of mRS as the outcome indicator, which may not accurately reflect the association between BNP and patient outcomes. Additionally, both studies had relatively small sample sizes. Hideyuki Kishima conducted a retrospective study with a larger sample size compared to previous studies. However, the outcome indicator in their study was limited to death, and the survivors with poor prognosis were not taken into account (19).

Compared with existing literature, which often centers on cerebral infarction, DCI, or mortality as primary outcomes, our study provides a novel perspective by emphasizing functional outcomes represented by the mRS score. This approach not only aligns more closely with the real-world challenges of post-aSAH management but also offers a more nuanced understanding of the long-term impact of elevated BNP levels on patient prognosis. Additionally, the larger sample size in our study strengthens the robustness and generalizability of the findings. The department of cardiology has defined a normal BNP level as BNP < 100. In our study, we found that lgBNP >1.79 (corresponding to BNP ≥ 62 pg./mL) predicted poor prognosis more effectively than lgBNP >2 (corresponding to BNP ≥ 100 pg./mL). Although the risk of cardiac events is low in patients with BNP levels between 61.7 and 100, they still carry a risk of poor prognosis in the nervous system. This suggests the possibility that BNP directly influences the prognosis of the neurological system.

Although DCI is associated with elevated BNP and poor prognosis, it was excluded from the predictive model to avoid introducing mediators that might obscure direct predictive relationships. Additionally, BNP serves as an early biomarker, while DCI typically manifests later in the clinical course, limiting its utility for early prognosis.

Cardiovascular disease and cerebrovascular disease pose significant threats to human health. In the past, these two conditions were often considered as separate systems in medical practice. However, with advancements in medical knowledge and our evolving understanding of the spectrum of human diseases, the concept of brain-heart comorbidity has gained recognition. In the study conducted by Prosser, it was found that approximately 20% of patients with ischemic stroke experienced serious adverse cardiac events, particularly within the first 3 days after the stroke (24). More recent studies, both in animals and clinical settings, have demonstrated that similar cardiac events can occur in other acute brain diseases such as hemorrhagic stroke and traumatic brain injury, suggesting the presence of shared mechanisms (25). A review by Jan F Scheitz in 2018 introduced the concept of stroke-heart syndrome, which refers to cardiac damage secondary to neurological diseases (26). Stroke-heart syndrome has been shown to be significantly associated with an increased risk of death and poor prognosis in patients with aSAH and ischemic stroke (27, 28).

We have demonstrated the association between BNP and 3-month prognosis in aSAH patients. However, the underlying mechanism remains elusive. Firstly, elevated BNP levels primarily reflect the compromised cardiac condition, and its association with neurological outcomes can be attributed to the impact of various newly developed cardiac disorders on the nervous system. The literature has reported on the predictive value of BNP in relation to cardiovascular events, such as atrial fibrillation, heart failure, and coronary heart disease (29, 30). Previous studies have also highlighted the link between atrial fibrillation and an increased incidence of stroke and mortality (31). Studies conducted in patients with cerebrovascular disease and coronary heart disease have indicated an elevated risk of widespread cerebral and carotid atherosclerosis (32). In addition to the common risk factors such as hyperlipidemia and smoking, vascular factors including thrombosis and endothelial dysfunction contribute to the risk. It is important to note that the lack of anticoagulant therapy guidelines in aSAH patients with concurrent cardiac events can potentially lead to bleeding risks (33).

Secondly, in patients with acute brain injury, particularly aSAH, a systemic inflammatory response and activation of endothelial cells can occur (34). This inflammatory response, along with the release of endothelin, can increase the burden on the heart and lead to dysfunction of cardiomyocytes. In response to cardiac injury, plasma BNP levels increase. Excessive inflammatory factors can also contribute to the disruption of the blood–brain barrier, allowing immune cells to infiltrate brain tissue. This infiltration can result in complications such as increased intracranial pressure and vasospasm, thereby increasing the risk of poor prognosis. In a prognostic model established by Runting Li et al., plasma white blood cell (WBC) count was found to have a significant correlation with patients’ outcomes (35), suggesting that inflammatory factors play a role in predicting prognosis in patients with acute brain injury.

Thirdly, the catecholamine surge hypothesis is widely accepted as the primary mechanism underlying brain-heart interactions. Studies, such as the one conducted by S. Naredi, have reported persistent sympathetic excitation and elevated levels of noradrenaline in patients with aSAH (36). The increased sympathetic activity can lead to direct myocardial injury and the subsequent release of excessive catecholamines, resulting in elevated BNP levels. Additionally, the enhanced sympathetic activity can affect baroreflex sensitivity (37), leading to increased blood pressure. In response to this, more BNP is secreted to lower blood pressure. Therefore, BNP can serve as an indicator of the severity and recoverability of autonomic nervous system damage. However, in our data, we did not observe a significant relationship between BNP and hypertension. This discrepancy may be attributed to differences in patients’ individual drug therapy, as well as the fact that the timing of blood pressure measurement may not precisely correspond to BNP levels. To investigate this mechanism further, continuous blood pressure monitoring should be conducted and compared longitudinally to observe the pattern of variability.

Finally, BNP may have a direct impact on the nervous system due to its vasodilatory and natriuretic functions. Elevated BNP levels can lead to a reduction in blood pressure, potentially resulting in insufficient cerebral perfusion pressure. This, in turn, increases the risk of ischemic cerebrovascular diseases such as delayed cerebral ischemia (DCI), which is a common poor prognostic outcome in patients with aSAH. Gurmeen Kaur reported a correlation between elevated BNP levels and the occurrence of DCI (17). Similar results were observed in our study. It is worth noting that BNP is not only secreted by cardiomyocytes but also by the hypothalamus. However, our data did not collect information regarding the localization of patients’ lesions, so it is unknown whether lesions involving the hypothalamus directly affect plasma BNP levels through its secretion. Further investigation would be required to explore this aspect in more detail.

There are several limitations in our study that should be acknowledged. Firstly, while the majority of our variables were derived from laboratory examinations, we lacked detailed cardiac examination and sufficient imaging data, particularly related to the structural aspects of the brain and heart. This limitation restricts our ability to fully assess how these structural factors may influence the prognosis of aSAH patients. Secondly, we did not collect detailed information about the medical treatments that patients received during their hospitalization, which could potentially affect their prognosis. Variations in treatment could introduce confounding factors that may influence the observed relationship between elevated BNP levels and poor prognosis. Thirdly, the underlying biological mechanisms linking elevated BNP to poor prognosis remain unclear. Further research is needed to elucidate the specific pathways through which BNP influences neurological outcomes. Finally, as a retrospective study, the level of evidence generated is lower compared to prospective studies. The reliance on pre-existing data introduces potential biases and limits the generalizability of the findings. Future prospective studies with larger sample sizes, more comprehensive data collection, and a focus on both clinical and imaging data would provide more robust insights into the relationship between BNP levels and prognosis in patients with aSAH.



Conclusion

Elevated BNP stands as an independent risk factor of the 3-month prognosis in patients with aSAH. Although our models did not show significant improvement with the inclusion of BNP, it does not imply that monitoring BNP or considering its significance in clinical practice is futile. Elevated BNP serves as a robust indicator of cardiac injury and suggests a higher risk of cardiac events, which can indirectly impact neurological prognosis. Given these findings, we recommend that neurologists consult with cardiologists when BNP levels are elevated. Neurologists should work with cardiologists to assess cardiac function, identify any underlying cardiac conditions (e.g., heart failure, arrhythmias), and develop an individualized care plan. This collaboration can help optimize both cardiovascular and neurological management, reducing the risk of complications and improving overall prognosis. The efficacy of this therapeutic strategy should be further validated through prospective studies. BNP may not contribute significantly to prediction models, it still holds clinical relevance in guiding patient management and monitoring cardiac health in aSAH patients.
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