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Abstract

:

Background: Volatile and intravenous anesthetics have substantial effects on physiological functions, notably influencing neurological function and susceptibility to injury. Despite the importance of the anesthetic approach, data on its relative risks or benefits during surgical clipping or endovascular treatments for unruptured intracranial aneurysms (UIAs) remains scant. We investigated whether using volatile anesthetics alone or in combination with propofol infusion yields superior neurological outcomes following UIA obliteration. Methods: We retrospectively reviewed 1001 patients who underwent open or endovascular treatment for UIA, of whom 596 had short- and long-term neurological outcome data (modified Rankin Scale) recorded. Multivariable ordinal regression analysis was performed to examine the association between the anesthetic approach and outcomes. Results: Of 1001 patients, 765 received volatile anesthetics alone, while 236 received propofol infusion and volatile anesthetics (combined anesthetic group). Short-term neurological outcome data were available for 619 patients and long-term data for 596. No significant correlation was found between the anesthetic approach and neurologic outcomes, irrespective of the type of procedure (open craniotomy or endovascular treatment). The combined anesthetic group had a higher rate of ICU admission (p < 0.001) and longer ICU and hospital length of stay (LOS, p < 0.001). Similarly, a subgroup analysis revealed longer ICU and hospital LOS (p < 0.0001 and p < 0.001, respectively) in patients who underwent endovascular UIA obliteration under a combined anesthetic approach (n = 678). Conclusions: The addition of propofol to volatile anesthetics during UIA obliteration does not provide short- or long-term benefits to neurologic outcomes. Compared to volatile anesthetics alone, the combination of propofol and volatile anesthetics may be associated with an increased rate of ICU admission, as well as longer ICU and hospital LOS.
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1. Introduction


With a prevalence of approximately 3–5% and an annual rupture risk of 0.95%, unruptured intracranial aneurysms (UIAs) remain a major cause of hemorrhagic stroke with significant morbidity and mortality [1,2,3,4]. Novel endovascular techniques provide an increasing array of treatment options for complex aneurysms, while surgical innovations, such as retractorless surgery, minimally invasive craniotomies, and novel diagnostic and reconstructive techniques, continue to improve patient safety and outcomes [5]. Although rare, hemorrhagic or ischemic injuries from aneurysmal perforation, cerebral hypoperfusion, or thromboembolism remain among the most devastating complications [6]. It is critical to minimize the risk of these complications and mitigate neurologic injury by optimizing surgical conditions through careful hemodynamic and respiratory control, as well as the optimization of fluid and metabolic balance, in order to achieve cellular homeostasis [7,8,9]. Therefore, anesthetic neuroprotection can play an important role in preserving neurologic function and improving outcomes, particularly in patients at risk for ischemic or hemorrhagic complications [10].



Volatile and intravenous anesthetics have major neurological and cardiovascular effects that have been studied and documented extensively in, among others types of studiy, experimental and clinical studies of ischemic stroke. These anesthetics are reported to possess neuroprotective properties that may decrease the risk of neurological injury [11,12]. In particular, propofol is suggested to induce neuroprotection through a wide range of physiological effects including its antioxidant activity, ability to reduce cerebral metabolism, and effects on GABAergic neuronal activity and excitotoxicity [13,14]. As a result, it has been hypothesized that a “multimodal” anesthetic regimen using propofol infusion could lead to better neurologic outcomes in patients at risk for perioperative stroke [13]. A recent retrospective study of 314,932 non-cardiac cases, however, documented a dose-dependent protective effect of volatile anesthetics, but not propofol, on the incidence and severity of postoperative ischemic stroke [15]. Further, in a retrospective study of 84 patients who underwent endovascular management of acute ischemic stroke, the best neurological outcomes were observed when volatile agents were used compared to total intravenous anesthesia (TIVA) with propofol or a combination thereof [16].



Even though previous studies have provided general guidelines for the anesthetic management of cerebral aneurysm surgery [7,17,18], there is currently only one systematic review exploring the risks and benefits of common anesthetic agents during UIA treatment [10]. A recent study also reported neuroprotective effects of propofol post-conditioning in patients undergoing the open repair of intracranial aneurysms [19], but there are currently no studies assessing the long-term neurologic outcomes with different anesthetic regimens for UIA treatment. Accordingly, we aimed to investigate the outcome effects of anesthesia maintenance with propofol or volatile anesthetics during UIA obliteration. We hypothesized that the anesthetic choice does not affect the overall or neurologic outcomes following UIA surgery.




2. Materials and Methods


2.1. Study Population


After obtaining study approval from the Institutional Review Board, we retrospectively examined data from all patients who underwent endovascular or open treatment for UIA between January 2014 and December 2018 at the Beth Israel Deaconess Medical Center (BIDMC). All data originated from the Anesthesia Research Data Repository and the Neurosurgery Outcome Database for aneurysm surgery at BIDMC. The need for patient consent was waived due to the nature of the study. The Anesthesia Research Data Repository included demographic characteristics as well as intraoperative data, such as administered drug doses, blood pressure, fluid volumes, and blood product transfusion. The Neurosurgery Outcome Database for aneurysm surgery included the type of surgery and the Modified Rankin Scale for Neurologic Disability (mRS), documented during neurosurgical evaluations before and repeatedly after surgery. Only patients with unruptured intracranial aneurysms were included. Patient data were merged from these two sources to create a single de-identified database of all patients with UIA treated at BIDMC, excluding those who had a documented history of aneurysm rupture and SAH (Figure 1).



We further divided our study population into two groups based on the anesthetic agents used: the volatile anesthetic group, which included patients who received maintenance anesthesia only with volatile anesthetic agents, and the combined anesthetic group, which included patients who received maintenance anesthesia with both volatile anesthetic agents and propofol. Two patients received total intravenous anesthesia (TIVA) with propofol without volatile anesthetics, and were therefore excluded from further analysis (Figure 1).




2.2. Outcome Measures


The primary outcome measures were short-term and long-term neurologic outcomes, determined using the mRS, calculated during the first 30 days after UIA treatment and the last follow up neurosurgery visit (between 6–12 months), as documented in each patient’s electronic medical record. Patients were categorized into neurologically intact (mRS = 0), good neurologic outcome (mRS = 1), and neurologic disability (mRS = 2–5) groups. There was no mortality (mRS = 6) among our study population. The secondary outcomes were intensive care unit admission and length of stay (ICU-LOS) and hospital length of stay (H-LOS).




2.3. Statistical Analysis


Continuous data are reported as means ± standard deviation or medians with interquartile ranges (IQR) and were compared between groups using t-tests or Wilcoxon signed-rank tests, as indicated. Categorical data are expressed as proportions and were compared using chi-squared tests.



Multivariable ordinal regression analysis was performed to examine the association between the anesthetic approach and outcome, while controlling for the following biologically relevant covariates: (1) age; (2) sex; (3) American Society of Anesthesiologists physical (ASA) status; (4) body mass index (BMI). Age and BMI were considered continuous variables, while sex (female versus male) and propofol infusion (yes or no), were considered dichotomous variables. The dosage of volatile anesthetics was documented using the average age-adjusted Minimum Alveolar Concentration (MAC), and opioid dosage as the Oral Morphine Equivalent of opioid (OME) during the perioperative period. All analyses were conducted using R (The R Foundation for Statistical Computing, Vienna, Austria) [20]. Odds ratios (ORs) are reported with 95% confidence intervals (CIs). p-values of 0.05 or less and 95% CIs that did not cross one were considered to be significant.





3. Results


A total of 450,000 patients underwent procedures under general anesthesia at BIDMC during the study period, of which 1132 underwent endovascular or open repair of UIAs. After applying the exclusion criteria, 1001 patients who underwent elective UIA surgery were included in the study. Short-term neurologic assessments were documented for 619 of the final cohort, and 596 patients were followed up for an average duration of 5 months (IQR 1–12 months) and had documented long-term neurologic assessments (Figure 1).



Anesthetic maintenance was performed with volatile anesthetics alone in 765 patients (volatile anesthetic group), and propofol infusion plus volatile anesthetics in 236 (combined anesthetic group). The demographic and clinical data, stratified by anesthetic group, are summarized in Table 1. ASA physical status was comparable between the two groups (p = 0.1). Patients in the combined anesthetic group were younger (57 ± 11 vs. 59 ± 12, p = 0.01) and more likely to have undergone an open craniotomy (78% in combined group vs. 19% in volatile anesthetic group, p < 0.001). The aneurysm morphology was documented in 616 patients, 380 (62%) of whom underwent endovascular and 236 (38%) open surgery. In the endovascular group, the mean aneurysm size measured 8.6 ± 0.6 mm, while in the open surgery group, it was notably smaller at 5.0 ± 0.3 mm (p < 0.001). The majority of the aneurysms fell within the size range of 5–9.9 mm, accounting for 44% of the cases. Approximately 27% of the aneurysms were smaller, measuring < 4.9 mm, while 17% were in the 10–14.9 mm range, and 12% were larger, measuring ≥ 15 mm. The majority of aneurysms, constituting 94% of the cases, exhibited a saccular morphology, while the remaining 6% were fusiform in shape. Geographically, 90% of these aneurysms were distributed within the anterior circulation, primarily localized in the middle cerebral artery, anterior communicating artery, and the C6 segment of the internal carotid artery.



The demographic and clinical data, stratified by treatment approach, are shown in Table 2. ASA physical status was comparable between the two groups (p = 0.8). With an average age of 56 ± 11 years, patients who underwent craniotomy were younger than those requiring an endovascular approach (60 ± 12, p < 0.0001). Propofol infusion was used more often among open craniotomy procedures compared to endovascular procedures (p < 0.001).



The baseline and long-term neurologic outcomes are summarized in Table 3. There were no significant differences in the baseline or long-term neurologic outcomes between groups. Multivariable ordinal regression analysis revealed no significant correlation between the maintenance anesthetic used and long-term neurologic outcomes, irrespective of the surgical approach (endovascular vs. open; Table 4 and Figure 2). We did, however, find a significant correlation between age (p = 0.002), BMI (p = 0.005), and long-term neurologic outcome.



Secondary outcome variables are summarized in Table 5. With regard to surgical approach, the rate of ICU admission was lower (p < 0.01), and ICU-LOS (p < 0.001) and H-LOS (p < 0.001) were shorter following endovascular treatment of UIA compared to open craniotomy. With regard to maintenance anesthetics, a higher rate of ICU admission (p < 0.001), longer ICU-LOS (p < 0.001), and longer H-LOS (p < 0.001) were observed in the combined anesthetic group. A subgroup analysis based on treatment approach (endovascular vs. open craniotomy) showed comparable patterns. Among patients who underwent endovascular obliteration, H-LOS (p < 0.0001) and ICU-LOS (p < 0.001) were longer after combined maintenance anesthetics. However, the ICU admission rate was not statistically different (76% vs. 67%) in the combined anesthetic group. Among patients who underwent open craniotomy, ICU-LOS (2.8 ± 3.7 vs. 2.3 ± 3.4 days) and H-LOS (5.2 ± 4.6 vs. 4.6 ± 3.7) were not significantly different between the two anesthetic groups. However, UIA patients had a higher ICU admission rate (81% versus 69%, p < 0.01) after open craniotomy and clipping when a combined anesthetic approach was elected.




4. Discussion


In this cohort of 1001 patients following UIA treatment, 596 with long-term neurologic outcome data, the addition of a propofol infusion to volatile anesthetics was not associated with improved outcomes. Surprisingly, the combined propofol and volatile anesthetic approach was associated with a higher rate of ICU admission and prolonged ICU and hospital LOS compared to volatile anesthetics alone, which raises concerns about potential adverse neurophysiological consequences.



The precise mechanism underlying the association between propofol infusion and an increased rate of ICU admission and length of stay (ICU-LOS) remains elusive. However, several factors might contribute to this phenomenon, including potential hemodynamic, neurovascular, or metabolic effects, or even a complex pharmacodynamic interaction between propofol and volatile anesthetics. It is also important to highlight that a substantial proportion of patients (78%) who received combined anesthetic maintenance underwent open craniotomy procedures. Notably, these open craniotomies were associated with considerably longer procedure times compared to the endovascular group (averaging 209 min versus 122 min). Given this discrepancy in surgical duration, it could be argued that the observed variations in secondary outcomes may be primarily attributed to these surgical factors, with limited direct influence from the chosen anesthetic approach. It is, therefore, essential to consider the potential confounding effects of the surgical procedure itself, which could be a significant contributor to the observed differences in patient outcomes.



As is summarized in Table 3, however, the neurological outcome did not differ between the endovascular and open surgery groups, nor was the anesthetic approach associated with outcome differences in either of these subgroups. Accordingly, these findings support the main conclusion that the neurological outcome is not influenced by the above approaches to anesthesia maintenance during UIA repair. One could also contend that the potential neuroprotective effects of propofol might be offset by the necessity to lower the concentration of inhaled volatile anesthetics. This hypothesis aligns with recent findings by Raub et al., who demonstrated that volatile anesthetics exhibit a dose-dependent neuroprotective effect, thereby diminishing the occurrence and severity of perioperative ischemic strokes [15].



Although both propofol and inhalational anesthetics are commonly used for the maintenance of anesthesia, they are often used as the sole anesthetic agent for most surgical procedures, and not in combination. There is currently a notable absence of conclusive evidence or established guidelines pertaining to the optimal anesthetic approach for the repair of UIA. Consequently, some institutions have formulated their own individual protocols, while others delegate the decision to the discretion of individual anesthetists. One promising approach involves the synergistic use of propofol in combination with volatile agents. This combination strategy appears to offer several advantages, including the potential reduction in total drug dosage requirements for each individual agent. This reduction, in turn, may mitigate the risk of associated complications such as cerebral vasodilation and intracranial pressure (ICP) effects, metabolic side-effects, and the potential development of propofol infusion syndrome. Furthermore, the propofol–volatile agent combination has been suggested to potentially decrease the incidence of postoperative nausea and vomiting (PONV), and may be associated with a shorter time to extubation, reduced intraoperative movement by the patient, and a more favorable postoperative perception of pain [21]. An additional argument in favor of this combined approach is its potential to provide enhanced neuroprotection for patients who are expected to experience neuronal injury during the procedure. Moreover, it facilitates the feasibility of intraoperative electrophysiological monitoring, offering a multifaceted approach to improving patient outcomes during UIA repair [22,23,24]. Propofol has anti-inflammatory properties and may protect against cell damage caused by hypoxia-induced oxidative stress [13,25]. Moreover, propofol provides neuroprotection by decreasing the cerebral metabolic requirement for oxygen (CMRO2) while maintaining cerebrovascular reactivity to carbon dioxide [26]. Unlike inhalational anesthetics, propofol does not cause direct cerebral vasodilation and can therefore provide better intraoperative brain relaxation [13,26,27]. Accordingly, propofol infusion is more commonly considered during open craniotomies as opposed to the endovascular treatment of UIA.



Despite a growing body of evidence of the neuroprotective properties of propofol, clinical studies have failed to show a significant benefit to patient outcomes compared to inhaled anesthetics. The incidence of postoperative complications is similar when using propofol vs. volatile anesthetics during elective craniotomies [28]. It has also been suggested that volatile anesthetics are more effective than propofol in mitigating cortical spreading depolarization, a common complication of subarachnoid bleeding that can complicate postoperative neurologic recovery [29,30]. Yet, randomized studies report better cognitive outcomes with volatile anesthetics compared to TIVA with propofol for carotid endarterectomy and cardiac surgery [31,32], and volatile anesthetics have also been reported to better protect against ischemic stroke after non-cardiac surgery, with a dose-dependent effect on both the incidence and severity of the stroke [15].



Our study differs from earlier reports in that we examined a combined maintenance anesthetic approach with propofol in addition to volatile anesthetics, which could provide information on the combined neuroprotective effects of these commonly used anesthetic agents. Given that both treatment groups in our study received volatile anesthetics, the absence of a difference in neurologic outcomes between groups leads us to reject the hypothesis that the addition of a propofol infusion provides superimposed neuroprotection. Moreover, the increased rate of ICU admission and ICU-LOS we observed in the combined anesthetic group is concerning in terms of the negative physiological effects of this combination, although it could also be related to other confounders that were not controlled for in our retrospective study.



One such confounder is the difference in the proportion of patients who received propofol infusion during endovascular treatment vs. open surgery (8% and 57%, respectively). Given that the ICU admission rate, ICU-LOS, and H-LOS were higher after open craniotomy, it could be argued that the observed increase in ICU admission rate, ICU-LOS, and H-LOS in the combined anesthetic group is attributable to the type of surgery and the preoperative group differences that determined the surgical approach (e.g., aneurysm size, type, and location and patient comorbidities) or physiologic differences between open and endovascular UIA treatment. Subgroup analysis, however, revealed a similar trend, with prolonged ICU-LOS and H-LOS in the combined anesthetic group for patients undergoing endovascular repair of UIA, as well as a higher ICU admission rate after open craniotomies. These findings can therefore signal important neurological effects of maintenance anesthetics, specifically the addition of propofol to volatile anesthetics, irrespective of the surgical approach. Moreover, preoperative comorbidities and ASA physical status did not differ between the combined and volatile anesthetic groups. Thus, while the inherent complexity of open craniotomy for aneurysm clipping could contribute to the observed differences in secondary outcomes, it is likely not the only cause of a prolonged ICU-LOS and H-LOS.



When considering study limitations, our study, like other retrospective studies, did not randomly assign patients to an anesthetic regimen. Provider bias and other uncontrolled confounders could certainly have affected the outcome. Moreover, we did not examine the effects of propofol infusion alone (without inhaled anesthetics) given the small number of these patients (n = 2), precluding the assessment of patient outcomes following TIVA in this population. Lastly, the mRS score used as our primary outcome measure is a relatively crude estimate of neurologic outcome, and although it is an established metric with excellent inter- and intra-rater reliability, it has a relatively low clinical sensitivity and does not measure more nuanced differences in cognitive performance [33].



The endovascular and open treatment of UIA are associated with significant cerebrovascular and systemic physiological perturbations and require an anesthetic approach that optimizes cerebral hemodynamics and maximizes perioperative neuroprotection. Despite the theoretical advantages of combining volatile anesthetics with propofol for anesthetic maintenance, our data support the use of only volatile anesthetics for both endovascular and open UIA treatment and showed no benefit of the addition of a propofol infusion. Although the observed association of propofol with ICU-LOS and H-LOS does not indicate causation, it is concerning in terms of the potential adverse effects of the combined anesthetics.



Our study demonstrates that the addition of propofol to volatile anesthetics does not provide any long-term or short-term benefits to neurologic outcomes among patients undergoing treatment for UIA. The combination of propofol and volatile anesthetics also showed worse secondary outcomes, including ICU admission rates, ICU-LOS, and H-LOS, compared to volatile anesthetics alone. The use of a combined propofol–volatile maintenance anesthetic should be carefully considered in this patient population as it might result in unanticipated adverse events, including prolonged ICU and hospital LOS. Further investigation with prospective, randomized studies is warranted to gain a better understanding of how the addition of propofol to a volatile maintenance anesthetic affects patient outcomes following UIA treatment.
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Abbreviation List




	ASA
	American Association of Anesthesiologists



	BIDMC
	Beth Israel Deaconess Medical Center



	BMI
	Body mass index



	CI
	Confidence interval



	H-LOS
	Hospital length of stay



	ICU
	Intensive care unit



	ICU-LOS
	Intensive care unit length of stay



	IQR
	Interquartile range



	LOS
	Length of stay



	MAC
	Minimum Alveolar Concentration



	mRS
	Modified Rankin Scale



	OME
	Oral Morphine Equivalents



	OR
	Odds ratio



	SAH
	Subarachnoid hemorrhage



	TIVA
	Total intravenous anesthesia



	UIA
	Unruptured intracranial aneurysm
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Figure 1. Flow chart showing the study inclusion criteria. 
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Figure 2. Neurological outcome was not statistically different after endovascular (p = 0.20) or open surgery (p = 0.44) with combined or volatile anesthetics. Green = neurologically intact (mRS = 0), orange = good neurologic outcome (mRS = 1), and red = poor neurologic outcome (mRS = 2–5). 
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Table 1. Demographic and clinical features of the study cohort based on the anesthetic agent groups.
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(Total N = 1001)

	
Combined *

(N = 236)

	
Inhalational †

(N = 765)

	
p Value






	
Age (years)

	
57 ± 11

	
59 ± 12

	
0.01




	
Sex




	
 Female

	
170 (72%)

	
587 (76%)

	
0.1




	
 Male

	
66 (28%)

	
178 (24%)




	
BMI

	
28 ± 6

	
27± 5

	
0.3




	
ASA Status




	
 I

	
0 (0%)

	
11 (1%)

	
0.1




	
 II

	
76 (26%)

	
257 (33%)




	
 III

	
141 (65%)

	
467 (61%)




	
 IV

	
18 (6%)

	
30 (4%)




	
 V

	
1 (0.4%)

	
0 (0%)




	
Anesthetic agents




	
 N2O

	
17 (8%)

	
58 (7%)

	
0.9




	
 Sevoflurane

	
215 (91%)

	
695 (90%)

	
1




	
 Desflurane

	
28 (11%)

	
82 (10%)

	
0.7




	
 Isoflurane

	
10 (5%)

	
13 (1%)

	
0.04




	
 Opioids

	
230 (97%)

	
756 (99%)

	
0.2




	
Treatment




	
 Endovascular management

	
53 (22%)

	
625 (81%)

	
<0.001




	
 Open craniotomy

	
183 (78%)

	
140 (19%)




	
 Duration of procedure (min)

	
210 ± 10

	
162 ± 3

	
<0.001








* Combined group = patients who received both propofol infusion and inhalational agents; † inhalational anesthetic group = patients who received inhalation anesthetics without propofol infusion. Data are presented as mean ± standard deviation, or proportions, and were compared using t-tests, Kruskal–Wallis tests, and chi-squared tests, respectively.













 





Table 2. Demographics, clinical parameters, and anesthetic approaches based on the type of surgical intervention.






Table 2. Demographics, clinical parameters, and anesthetic approaches based on the type of surgical intervention.





	
(Total N = 1001)

	
Endovascular *

(N = 678)

	
† Open Craniotomy

(N = 323)

	
p Value






	
Age (years)

	
60 ± 12

	
56 ± 11

	
<0.0001




	
Sex

	

	

	




	
 Female

	
520 (77%)

	
237 (73%)

	
0.2




	
 Male

	
158 (23%)

	
86 (27%)




	
BMI

	
28 ± 6

	
27 ± 5

	
0.1




	
ASA Status




	
 I

	
10 (1%)

	
1 (0.5%)

	
0.8




	
 II

	
223 (33%)

	
110 (34%)




	
 III

	
413 (61%)

	
195 (60%)




	
 IV

	
32 (5%)

	
16 (5%)




	
 V

	
0 (0%)

	
1 (0.5%)




	
Anesthetic agents




	
 N2O

	
52 (8%)

	
23 (7%)

	
0.86




	
 Sevoflurane

	
614 (90%)

	
296 (92%)

	
0.66




	
 Desflurane

	
68 (11%)

	
42 (13%)

	
0.19




	
 Isoflurane

	
2 (1%)

	
21 (7%)

	
<0.001




	
 Opioids

	
664 (97%)

	
322 (99%)

	
0.06




	
 Propofol infusion

	
53 (8%)

	
183 (57%)

	
<0.001




	
 Duration of procedure (min)

	
122 ± 6

	
209 ± 5

	
<0.001








* Endovascular group = patients who underwent endovascular obliteration of intracranial aneurysm; † open craniotomy group = patients who underwent open craniotomy. Data are presented as mean ± standard deviation, or proportions, and were compared using t-tests, Kruskal–Wallis tests, and chi-squared tests, respectively.













 





Table 3. (a) Neurological outcomes after repair of unruptured intracranial aneurysms in different anesthetic and treatment groups; (b) neurological outcomes in patients with open versus endovascular approach to intracranial aneurysm repair.
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(a)




	

	
Baseline mRS (Total N = 619)

	

	
Long-term mRS (Total N = 596)




	
Neurologically intact

	
Good neurologic

outcome

	
Poor neurologic outcome

	
Neurologically intact

	
Good neurologic outcome

	
Poor neurologic outcome




	
Volatile

(N = 466)

	
289

(62%)

	
150

(32%)

	
27

(6%)

	
Volatile

(N = 446)

	
363

(81%)

	
70

(16%)

	
13

(2%)




	
Combined (N = 153)

	
100

(65%)

	
46

(30%)

	
7

(5%)

	
Combined (N = 150)

	
115

(77%)

	
26

(17%)

	
4

(3%)




	
p value

	
0.4

	
p value

	
0.1




	
(b)




	

	
Baseline mRS (Total N = 619)

	

	
Long-term mRS (Total N = 596)




	
Neurologically intact

	
Good neurologic

outcome

	
Poor neurologic outcome

	
Neurologically intact

	
Good neurologic outcome

	
Poor neurologic outcome




	
Endovascular (N = 382)

	
235

(62%)

	
119

(31%)

	
28

(7%)

	
Endovascular (N = 364)

	
295

(81%)

	
52

(14%)

	
17

(5%)




	
Open

(N = 237)

	
154

(65%)

	
77

(32%)

	
6

(3%)

	
Open

(N = 232)

	
183

(79%)

	
44

(19%)

	
5

(2%)




	
p value

	
0.2

	
p value

	
0.6








Patients were categorized into neurologically intact (mRS = 0), good neurologic outcome (mRS = 1), and poor neurologic outcome (mRS = 2–5) groups. There was no mortality (mRS = 6) among the patients. Data are presented as proportions, and were compared using Kruskal–Wallis test.













 





Table 4. Multivariable ordinal regression analysis to examine the association between the anesthetic approach and long-term neurologic outcome.
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	Variables
	Coefficients
	Odds Ratio
	95% CI
	p Value





	N2O
	0.11 (0.39)
	1.13
	0.72–1.13
	0.7



	Sevoflurane
	−0.33 (0.56)
	0.72
	0.22–2.18
	0.5



	Desflurane
	−0.25 (0.48)
	0.77
	0.28–1.90
	0.5



	Isoflurane
	0.61 (1.20)
	1.84
	0.08–16.6
	0.6



	Propofol infusion
	0.29 (0.23)
	1.33
	0.83–2.10
	0.1



	Opioids
	−0.31 (1.13)
	0.72
	0.10–14.6
	0.7



	Age
	−0.02 (0.008)
	0.97
	0.95–0.99
	0.002



	Sex
	−0.18 (0.25)
	0.83
	0.49–1.36
	0.4



	ASA status
	0.22 (0.20)
	1.23
	0.83–1.85
	0.2



	BMI
	0.04 (0.01)
	1.04
	1.01–1.08
	0.005







Standard errors are reported in parentheses.













 





Table 5. Secondary outcome variables of unruptured intracranial aneurysm management in different groups.






Table 5. Secondary outcome variables of unruptured intracranial aneurysm management in different groups.





	

	
ICU Admission

	
ICU-LOS

	
H-LOS






	
Anesthetic (N) ± SD




	
 Volatile (765)

	
67%

	
2 (0–2)

	
2.1 ± 3.5

	
2 (2–3)

	
3.8 ± 5.6




	
 Combined (236)

	
80%

	
2 (2–3)

	
3.5 ± 5.4

	
4 (3–6)

	
5.7 ± 6




	
 p value

	
<0.001

	
<0.001

	
<0.001




	
Treatment (N)




	
 Endovascular (678)

	
68%

	
2 (0–2)

	
2.4 ± 4.3

	
2 (2–3)

	
3.9 ± 6.4




	
 Open Craniotomy (323)

	
76%

	
2 (2–3)

	
2.7 ± 3.6

	
4 (3–5)

	
4.9 ± 4.2




	
 p value

	
<0.01

	
<0.001

	
<0.001




	
EndovascularManagement (N)

	

	




	
 Volatile (625)

	
67%

	
2 (0–2)

	
2.1 ± 3.6

	
2 (2–3)

	
3.6 ± 5.9




	
 Combined (53)

	
76%

	
2 (2–4)

	
5.9 