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Association between blood pressure control during aneurysm clipping and functional outcomes in patients with aneurysmal subarachnoid hemorrhage
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Objectives: We explored the relationship between blood pressure variability (BPV) during craniotomy aneurysm clipping and short-term prognosis in patients with aneurysmal subarachnoid hemorrhage to provide a new method to improve prognosis of these patients.

Methods: We retrospectively analyzed the differences between patient groups with favorable modified Rankin Scale (mRS ≤ 2) and unfavorable (mRS > 2) prognosis, and examined the association between intraoperative BPV and short-term prognosis.

Results: The intraoperative maximum systolic blood pressure (SBPmax, p = 0.005) and the coefficient of variation of diastolic blood pressure (DBPCV, p = 0.029) were significantly higher in the favorable prognosis group. SBPmax (OR 0.88, 95%CI 0.80–0.98) and Neu% (OR 1.22, 95%CI 1.03–1.46) were independent influence factors on prognosis. Patients with higher standard deviations of SBP (82.7% vs. 56.7%; p = 0.030), DBP (82.7% vs. 56.7%; p = 0.030), and DBPCV (82.7% vs. 56.7%; p = 0.030) had more favorable prognosis.

Conclusion: Higher SBPmax (≤180 mmHg) during the clipping is an independent protective factor for a 90-day prognosis. These results highlight the importance of blood pressure (BP) control for improved prognosis; higher short-term BPV during clipping may be a precondition for a favorable prognosis.

Keywords
 subarachnoid hemorrhage; aneurysm; aortic blood pressure; variability; prognostic factors


Introduction

Spontaneous subarachnoid hemorrhage (SAH) is the third most common type of stroke and is commonly associated with aneurysmal rupture (1). Globally, approximately 500,000 patients develop aneurysmal subarachnoid hemorrhage (aSAH) annually (2). Approximately a quarter of patients with SAH die before hospital admission; overall outcomes are improved in those admitted to hospitals; however, these survivors face years with a diminished quality of life (3). Age, hypertension, intraoperative and postoperative complications, surgical timing, and surgical methods are significant factors affecting the prognosis of aSAH (4). Conversely, the effect of blood pressure fluctuations on the prognosis of aSAH remains uncertain (5–7). Previous studies on blood pressure variability (BPV) have ignored the impact of surgical approaches and intraoperative blood pressure fluctuations on the prognosis of patients with aSAH. Consequently, the present study sought to examine the association between intraoperative BPV and 90-day prognosis in patients with aSAH who underwent craniotomy aneurysm clipping.



Methods


Study population

A total of 59 patients with aSAH were included in this retrospective study. All the patients underwent craniotomy aneurysm clipping at the Department of Neurosurgery of the First Affiliated Hospital of Xi’an Jiaotong University between January 2019 and December 2022. The inclusion criteria were as follows: (1) age 18–80 years; (2) spontaneous primary aSAH confirmed by CT scan and digital subtraction angiography (DSA); (3) admission within 72 h after symptom onset and aneurysm clipping within 36 h after admission; and (5) complete medical records. Patients with severe craniocerebral trauma, modified Rankin Scale (mRS) scores before onset exceeding 2, or hemodynamic instability were excluded. This study was reviewed and approved by the Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University (No. XJTU1AF2023LSK-265). Written informed consent from the legal guardians of the participants was not required for this retrospective study in accordance with national and local guidelines.



Clinical management

All patients underwent emergency clipping of ruptured intracranial aneurysms under general anesthesia with tracheal intubation. Blood pressure (BP) of patients obtained by invasive arterial pressure monitoring (patient monitor model: BeneView T8) through radial artery catheterization was recorded every 15 min from entering to leaving the operating room. Patients were transferred to the intensive care unit, and nimodipine was routinely administered to prevent cerebral vasospasm after surgery. Treatment was administered in strict accordance with the relevant clinical management guidelines.



Data collection

The general data of patients were recorded as follows: (1) demographic characteristics (age and sex); (2) medical comorbidities (hypertension and diabetes); (3) personal history (smoking and drinking); (4) characteristics of the aneurysm (location, size, and number); (5) assessment of severity at admission [Glasgow Coma Scale, Hunt-Hess Scale, modified Fisher grade (m-Fisher), and World Federation of Neurosurgical Societies (WFNS) score]; and (6) laboratory results at admission [hemoglobin, white blood cell, platelet, neutrophil percentage (Neu%), aspartate aminotransferase, alanine aminotransferase, cholesterol, blood urea nitrogen, serum creatinine, and random blood glucose].

We calculated the following indexes of systolic blood pressure (SBP) and diastolic blood pressure (DBP) (8, 9): The mean, maximum (max), minimum (min), difference of maximum minus minimum (max–min), standard deviation (SD, SD=[image: image]), coefficient of variation (CV, CV = (XSD/Xmean) *100%) and successive variation (SV, SV=[image: image]).



Evaluation of prognosis

The prognosis was evaluated using the mRS at 90 days after onset. All patients were followed up by the same neurologist through telephone interviews. The mRS is a 7-point scale ranging from 0 (no symptoms) to 6 (death). The mRS was dichotomized, as previously published, into favorable (mRS ≤ 2) and unfavorable (mRS > 2) prognoses for the outcome analyses (10).



Statistical analysis

All statistical analyses were performed using SPSS25.0 statistical package. Data were presented as mean ± standard deviation ([image: image] ± s) for continuous symmetric distribution variables, median (M) and interquartile range (IQR) for continuous skewed distribution variables, and percentages for categorical variables. Differences between the two groups were assessed using univariate analysis with independent Student’s t-tests for continuous variables and the chi-squared test for categorical variables. For non-parametric variables, we used the Mann–Whitney U-test. The significant parameters in the univariate analysis were used as inputs in the multivariate binary logistic regression model for regression analysis. Spearman’s rank correlation was used for correlation analysis. In all the tests, p < 0.05 was considered statistically significant.



Data availability

Data were recorded and stored in both paper and electronic databases. The supporting data for this study are available from the corresponding author on request.




Results

Fifty-nine eligible patients were enrolled over the four-year interval, of whom 29 (49%) were male, and 30 (51%) were female. The average age was 57.0 ± 8.2 years. The clinical data of the 59 patients (41 in the favorable group and 18 in the unfavorable group) are summarized in Table 1. The aneurysm size (p = 0.025), Hunt–Hess grade (p = 0.006), m-Fisher grade (p = 0.010), WFNS grade (p = 0.001), Neu% (p = 0.004), and blood Glu (p = 0.013) at admission and the incidence of delayed cerebral ischemia (DCI, p = 0.007) were significantly higher in the unfavorable group (mRS > 2) than in the favorable group (mRS ≤ 2). The two groups showed no significant differences in the remaining clinical data.



TABLE 1 Comparison of clinical characteristics between patient groups with favorable and unfavorable prognosis.
[image: Table1]

A comparison of the intraoperative SBP and DBP indices between the two groups is shown in Table 2. The SBPmax (152.2 ± 16.5 vs. 139.6 ± 12.7; p = 0.005) and DBPcv (10.8, IQR 8.5–12.8; 8.1, IQR 6.9–10.4; p = 0.029) were significantly higher in the favorable group than in the unfavorable group. Spearman’s correlation tests showed that intraoperative SBPmax (r = 0.34, p = 0.015) and DBPcv (r = 0.29, p = 0.027) were positively associated with a 90-day favorable prognosis.



TABLE 2 Comparison of intraoperative blood pressure parameters between patient groups with favorable and unfavorable prognosis.
[image: Table2]

Indices with statistical differences in univariate analysis were included in the multivariate binary logistic regression analysis. This analysis showed that Neu% (OR 1.22, 95%CI 1.03–1.46) is an independent risk factor for unfavorable prognosis, while SBPmax (OR 0.88, 95%CI 0.80–0.98) is an independent protective factor for prognosis. Figure 1 shows the factors that significantly influenced the 90-day prognosis of patients with aSAH. In addition, we stratified the 47 patients with systolic BP ≤180 mmHg and the 56 patients with ≤160 mmHg, according to the 95th and 90th percentiles, respectively. The results showed that when the SBPmax was ≤180 mmHg, the probability of developing a favorable prognosis at 90 days increased with increasing SBPmax (OR 1.06, 95% CI 1.01–1.11; p = 0.018). However, the trend was not statistically significant when the cutoff value was 160 mmHg (OR 1.04, 95% CI 0.98–1.10; p = 0.212).

[image: Figure 1]

FIGURE 1
 The influencing factors on the 90-day prognosis of patients with aneurysmal subarachnoid hemorrhage. m-Fisher, modified Fisher grade; WFNS, World Federation of Neurosurgical Societies score; SBPmax, maximum systolic blood pressure; DBPCV, coefficient of variation of the diastolic blood pressure.


Next, we stratified the patients into two groups based on the median BP variability parameters and compared their proportions of favorable prognoses. Patients with a higher SBPSD (56.7% vs. 82.7%; p = 0.030), DBPSD (56.7% vs. 82.7%; p = 0.030), and DBPCV (56.7% vs. 82.7%; p = 0.030) had a more favorable prognosis. Detailed data are presented in Figures 2, 3.

[image: Figure 2]

FIGURE 2
 The proportion of favorable prognosis at 90 days for patient groups with lower and higher systolic blood pressure variability. SBP, systolic blood pressure; max-min, difference of maximum minus minimum; SD, standard deviation; CV, coefficient of variation; SV, successive variation.
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FIGURE 3
 The proportion of favorable prognosis at 90 days for patient groups with lower and higher diastolic blood pressure variability during surgery. DBP, diastolic blood pressure; max-min, difference of maximum minus minimum; SD, standard deviation; CV, coefficient of variation; SV, successive variation.




Discussion

Our study demonstrated that intraoperative SBPmax is an independent predictor of favorable outcomes in patients with aSAH. Acute hypertension should be managed after developing aSAH; however, the parameters for appropriate BP control have not yet been defined. Insufficient management of BP may increase the risk of rebleeding, whereas aggressive treatment of hypertension increases the risk of ischemic stroke (11). It has been confirmed that induced hypertension can reduce the occurrence of DCI; however, unsurprisingly, having an SBPmax > 180 mmHg increases the risk of rebleeding (12, 13). In 2012, the AHA/ASA issued guidelines for SAH treatments, pointing out that maintaining euvolemia and inducing hypertension are effective measures to prevent DCI and recommended that SBP should be brought below 160 mmHg before clipping the aneurysm to reduce the risk of rebleeding (14). In 2013, the European Stroke Organization suggested that SBP should be maintained below 180 mmHg before surgery (13). In a previous study, Ascanio et al. reported that hypotension was independently associated with poor outcomes in patients with aSAH (15). Similarly, the present study showed that intraoperative SBPmax was an independent protective factor for patients with aSAH when it was below 180 mmHg. However, no protective effect was observed when SBPmax was <160 mmHg. These results led us to propose that the intraoperative SBPmax should be elevated but not exceed 180 mmHg, which is consistent with the management of preoperative hypertension proposed by the European Stroke Organization in 2013 (13). In addition, intraoperative hypotension appears to promote DCI and poor prognosis in patients with aSAH; however, the downline of intraoperative blood pressure control is inconsistent (16–19).

The unfavorable prognosis of patients with aSAH is often related to DCI, which is generally attributed to abnormal constriction of the cerebral arteries, namely, cerebral vasospasm (CVS) (20). DCI is associated with the autoregulatory failure of the nervous system (21). Furthermore, intracranial pressure variability (ICPV) is mainly affected by fluctuations in cerebral blood flow, which indirectly reflects cerebral autoregulation (22). Previous studies have shown that low BPV and ICPV are associated with unfavorable outcomes in patients with aSAH (7). The present results show that patients with higher BP variability have a higher incidence of favorable prognoses. In 1929, Walter B. Cannon first proposed the concept of “homeostasis.” According to self-regulation mechanisms, physiological homeostasis is not static but maintains a dynamic equilibrium within a tolerable range. Physiological variability reflects the ability of an organism to autoregulate. Abnormal variability, reflecting impaired physiological responsiveness, can increase the risk of further physiological derangement (23). DBP is mainly affected by the heart rate and peripheral resistance. After SAH, the concentration of calcium ions in the cerebrospinal fluid increases, and the flow of calcium ions into the cells accelerates, resulting in vasoconstriction and increased vascular resistance. A lower DBPCV in patients with aSAH implies distal microvascular spasms, indicating an increased risk of CVS or even DCI, which is closely related to unfavorable prognoses. However, other studies have shown that variability in SBP within 24 h of admission is an independent risk factor for poor prognosis in patients with SAH (6). These propositions were not entirely consistent, possibly owing to inconsistencies arising from the different timeframes considered in the variability assessment. Higher short-term variability may reflect faster and more effective functioning of adaptive mechanisms, and higher long-term variability (time spans exceeding 1 h) may reflect a decreased integrated ability of adaptive mechanisms to respond to challenges (7). Therefore, the timescale of BP variability determines its effect on clinical outcomes.

Previous studies have shown that BP variability is related to the vegetative nervous system function, such that decreased variability implies autonomic nerve dysfunction (24, 25). If the sympathetic nervous system is overactivated, feedback regulation of the neuroendocrine system may fail, leading to decreased short-term variability and an increased risk of unfavorable prognoses (26). Supporting this model, pharmacological blocking of the cervical sympathetic ganglion can effectively relieve DCI after SAH (27), which has also been confirmed in animal experiments (28). As mentioned above, timely and effective inhibition of sympathetic hyperactivity may benefit patients with aSAH, offering a new therapeutic target to reduce the incidence of CVS and improve prognosis.

The small sample size used during this study may have reduced the generalizability of the results; however, the overall trend was compelling. The mean duration of intracranial aneurysm clipping among the enrolled patients was only 5.4 h, so we could not analyze longer-term BPV. Furthermore, not all BP values were available during the entire hospital stay. Therefore, we cannot discuss the prognostic effects of BPV during hospitalization. We did not fully consider the influence of intraoperative drugs on BPV, which may have affected the accuracy of the research findings and should, therefore, be considered in future-related studies. We intend to conduct further clinical studies to evaluate whether patients benefit from intraoperative interventions for arterial pressure reduction.

In conclusion, SBPmax during craniotomy aneurysm clipping was an independent protective factor for a favorable prognosis at 90 days. Appropriately high BP is beneficial for improving prognosis. However, the risk of adverse effects such as rebleeding should be considered. A higher short-term BPV during surgery implies higher cerebral autoregulatory function, potentially leading to a more favorable prognosis.
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SBE, systolic blood pressure; DB diastolic blood pressure; max, maximum; min, minimun;
max-min, difference of maximum minus minimum; SD, standard deviation; CV; coefficient
of variation.

Bold indicates statistical significance under the two-sided p<0.05 assumption.
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Characteristic Favorable prognosis 41 Unfavorable prognosis 18 p value

(69.5%) (30.5%]
Age, year (R25) 561477 589291 0215
Sex, females (n, %) 18 (43.9%) 12(66.7%) 0107
Smoking (n, %) 15 (36.6%) 6(33.3%) 0810
Drinking (n, %) 9(22.0%) 8(44.4%) 0079
Hypertension (n, %) 26 (63.4%) 13 (722%) 0511
Diabetes (n, %) 2(4.9%) 2(111%) 0381

Aneurysm Location (n, %)

Anterior circulation 37(90.2%) 15 (83.3%)

0644
Posterior circulation 4(9.8%) 3(16.7%)
Aneurysm Number (n, %)
Single 37(90.2%) 15 (83.3%)

0644
Multiple 4(9.8%) 3(167%)
Aneurysm size (n, %)
Small (d<0.5cm) 22(53.7%) 4(2229%)

0.025
Larger (d>0.5cm) 19 (46.3%) 14 (77.8%)
Hunt-Hess score (n, %)
111 17 (41.5%) 1(5.6%)

0.006
-V 24(58.5%) 17 (94.4%)
m-Fisher score (n, %)
0-2 24(58.5%) 4(222%)

0.010
34 17 (41.5%) 14 (77.8%)
WENS classification (n, %)
o 27(65.9%) 3(16.7%)

0.001
v 14(34.1%) 15 (83.3%)
el 10 (24.4%) 11(61.1%) 0.007
Laboratory Results (X£5/M, Q)
Hb, g/L 1340 (1205, 1535) 1350 (1218, 150.8) 0811
WBC, cells/L 111 (82,13.1) 123(8.6,149) 0505
PLT, cells/1. 2030 (1625, 252.0) 187.5 (157.3,241.0) 0.627
Neu, % 858 (78.2,90.6) 913 (86.4,94.5) 0.004
AST, U/L 210(18.0,29.0) 2650 21.5,29.8) 0.106
ALT, UL 250(14.0,29.5) 225(153,26.0) 0479
CHO, mmol/L 45511 51212 0055
BUN, mmol/L 4815 43516 0299
Cr, pmol/L 450 (37.0,57.5) 500 (328,56.5) 0941
Glu, mmol/L 681(62,78) 7.84(72,9.6) 0.013

isher, modified Fisher grade; WENS, World Federation of Neurosurgical Societies score; DCI, delayed cerebral ischemia; Hb, hemoglobin; WBC, white blood cell PLT, platelet; Neu%,
neutrophil percentage; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CHO, cholesterol; BUN, blood urea nitrogen; Cr, serum creatinine; Glu, random blood glucose.
Bold indicates statistical significance under the two-sided p<(0.05 assumption.
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