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Abstract 

Background: Interventional neuroradiology (INR) is a minimally invasive procedure that is often performed 

under general anesthesia. A potential complication, emergence agitation (EA), can hinder immediate and 

accurate postoperative neurological assessments. Sevoflurane and propofol are common anesthetics used for 

these procedures. This study aimed at comparing the incidences of EA arising from sevoflurane-based anesthesia 

versus propofol-based total intravenous anesthesia (TIVA). Methods: Eighty patients scheduled for INR under 

general anesthesia were randomly allocated into two groups. The sevoflurane group (n=40) received induction 

with propofol, fentanyl, and cisatracurium, followed by sevoflurane for maintenance. The propofol group (n=40) 

received a target-controlled infusion (TCI) of propofol for both induction and maintenance. Anesthetic depth 

was maintained at a Bispectral Index (BIS) of 40-60 in both groups. The primary outcome was the incidence of 

EA, which was assessed using the Richmond Agitation-Sedation Scale (RASS). Secondary outcomes consisted of 

time to recovery, pain scores, postoperative nausea and vomiting, and hemodynamic instability. Results: No 

incidences of emergence agitation (RASS > 0) were observed in either group. However, the sevoflurane group 

required a significantly higher dose of ephedrine to manage intraoperative hypotension compared to the 

propofol group (p=0.031). 

Conclusions: In patients, who had undergone interventional neuroradiology, there was no difference in the 

incidence of emergence agitation between sevoflurane and propofol-based anesthesia. However, propofol-based 

TIVA may be associated with better intraoperative hemodynamic stability, as evidenced by a lower vasopressor 

requirement. 

Keywords: Emergence agitation; Interventional radiology; Sevoflurane; Propofol 

 

Introduction 

Presently, advancements in the treatment of neurological conditions have significantly 

progressed, particularly in the realm of neurointerventional radiology (INR). INR represents a form 

of minimal invasive surgery for neurological conditions, predominantly conducted under general 

anesthesia to ensure precise and high-quality imaging. Additionally, it allows for the control of 

intracranial pressure.[1] One crucial consideration in the general anesthesia for neurointerventional 

radiology is the ability for the patients to rapidly awaken, comprehend, and cooperate, which 

facilitates the immediate assessment of neurological symptoms post-surgery.[1] 

Postoperative emergence agitation is a condition that can occur in a range of 5-30% [2] of cases 

and is immediately evident after recovery from general anesthesia. [3] This phenomenon can pose 
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challenges in the assessment of neurological status following surgery, leading to difficulties in 

precision and accuracy. Such challenges can impact the evaluation of surgical outcomes, 

complications, and treatment planning, as well as may pose risks to the patient if the emergence 

agitation is severe. 

The medications commonly used for muscle relaxation and general anesthesia in 

neurointerventional radiology procedures for the nervous system are the widely utilized muscle 

relaxant, sevoflurane, and the anesthetic, propofol, which is administered intravenously.[4,5] Despite 

extensive studies over the years, further research is required to advance our understanding of the 

risk factors associated with both patient-related factors and surgical factors, including those that are 

related to general anesthesia and emergence agitation post-recovery.[6,7] 

Studies comparing emergence agitation during post-recovery from general anesthesia between 

these two types of medications have been conducted, but clear conclusions in various surgical 

procedures have not yet been reached. The majority of the research findings have indicated a higher 

risk of emergence agitation when using the muscle relaxant, sevoflurane, compared to other 

anesthetic agents. However, some studies have found no significant difference in emergence agitation 

between sevoflurane and propofol administered intravenously.[8] Importantly, there is a lack of 

comparative studies on the outcomes of these two medications in neuro-interventional radiology 

procedures, which are considered minimally invasive surgeries involving needle punctures in the 

groin area. It is anticipated that these procedures may induce less stimulation and pain, both during 

and after surgery, compared to more invasive surgeries with larger incisions. Pain is a significant risk 

factor that contributes to the occurrence of emergence agitation post-recovery from general 

anesthesia.[9] 

Objectives 

 Primary objectives: In order to compare the incidence of emergence agitation post-recovery 

from general anesthesia between the muscle relaxant, sevoflurane, and the intravenously 

administered anesthetic, propofol, in neurointerventional radiology procedures, further studies are 

needed. 

 Secondary objectives: In order to compare the severity of emergence agitation post-recovery 

from general anesthesia, as well as the time-related parameters, such as the time to recovery, time to 

extubation, time to eye opening, time to orientation, incidences of postoperative nausea and 

vomiting, occurrences of hypotension, bradycardia, and the intensity of postoperative pain between 

the muscle relaxant, sevoflurane, and the intravenously administered anesthetic, propofol, in neuro-

interventional radiology procedures, a detailed comparative study is necessary. 

Methods 

Study Design and Participants 

This study was approved by the Human Research Ethics Committee of Khon Kaen University, 

in accordance with the principles outlined in the Declaration of Helsinki and the International 

Conference on Harmonisation Good Clinical Practice guidelines (Project ID: HE631514). Informed 

consent was obtained from all participating patients. This was a prospective randomized double-

blind controlled trial. Patients, who underwent neurointerventional radiology procedures from 2021–

2022 under general anesthesia at Srinagarind Hospital, but who did not urgently require general 

anesthesia, were enrolled. The inclusion criteria encompassed patients aged 18 to 65, with an 

American Society of Anesthesiologists (ASA) Physical Status classification of 1 to 3, and a Glasgow 

Coma Scale score of 15. The exclusion criteria consisted of those patients, who had refused to 

participate and those who were unable to communicate. In addition, those individuals with known 

allergies or contraindications to the study drugs, those with a history of psychiatric disorders, and 

patients with chronic alcohol abuse or substance dependence were also excluded. 
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Patients, who met the inclusion criteria for undergoing neurointerventional radiology 

procedures, received an assessment and informational briefing from the research team at the patient 

ward on the day before the surgery. The details of the informational briefing consisted of the study 

objectives, study methods, the benefits for the patients, potential complications, and the care that they 

would receive in the event of any unforeseen complications. Additionally, the briefing outlined the 

method for assessing pain levels using a verbal numerical rating scale, in which a score of 0 indicated 

no pain and 10 represented the worst pain imaginable.  

 The 80 patients were randomly assigned to one of the two study groups, namely the sevoflurane 

group or the propofol group. The randomization was conducted using a computer program, 

employing a stratified randomization approach to ensure an equal distribution of male and female 

participants within each group. The assignment of patients to the study groups followed a 

predetermined sequence, and the randomization order was concealed within sealed envelopes. The 

personnel administering anesthesia opened the sealed envelopes, then implemented the assigned 

anesthesia protocol (sevoflurane or propofol) and managed the patient accordingly. Both the patients 

and the outcome assessors were blinded to the type of anesthesia that had been used. After the 

surgery was completed and before the assessors were allowed to enter the room, the anesthesia team 

ceased the administration of sevoflurane and discontinued propofol, removed the anesthesia 

apparatus, and collected the Target-Controlled Infusion (TCI) device. After that, the assessors, who 

were not present in the operating room during the procedure, entered the room and evaluated the 

outcomes.  

Anesthetic Protocol 

After explaining the research study procedures and obtaining the patients' signed consent on 

the night before the surgery, patients underwent the standard preoperative fasting protocols on the 

day of the surgery. The protocols consisted of abstaining from solid food for at least 6 hours and 

refraining from clear fluids or non-particulate liquids for at least 2 hours before the surgery. In the 

operating room, prior to the administration of anesthesia, patients received preoperative monitoring 

in accordance with standard anesthesia practices. This monitoring involved providing vigilant care 

by the anesthesia team, measuring and recording the vital signs (i.e., electrocardiogram (ECG), heart 

rate, blood pressure, respiratory rate, and blood oxygen saturation levels), and assessing the depth 

of anesthesia using the Bispectral Index (BIS). These measures aim to ensure the patients' safety and 

well-being during the induction of anesthesia.   

Patients in the Sevoflurane group received a combination of medications for induction of 

anesthesia. This combination was composed of the opioid analgesic, fentanyl, at a dosage of 1-2 

micrograms per kilogram, the induction agent, propofol, at a dosage of 1.5-2.5 milligrams per 

kilogram, the neuromuscular blocking agent, cisatracurium, at a dosage of 0.1-0.2 milligrams per 

kilogram, and dexamethasone at a dosage of 4 milligrams intravenously to prevent postoperative 

nausea and vomiting. Anesthesia was maintained by using a combination of inhaled sevoflurane, air, 

and oxygen (Sevoflurane:Air:Oxygen) with a maximum oxygen concentration of 50 percent. 

Patients in the Propofol group received a combination of medications for the induction of 

anesthesia. This consisted of the opioid analgesic, fentanyl, at a dosage of 1-2 micrograms per 

kilogram, the neuromuscular blocking agent, cis-atracurium, at a dosage of 0.1-0.2 milligrams per 

kilogram, and dexamethasone at a dosage of 4 milligrams intravenously to prevent postoperative 

nausea and vomiting.   

Anesthesia maintenance in the Propofol group was achieved by using propofol administered 

through TCI. The Target effect-site concentration was set at 4 micrograms per milliliter. Additionally, 

the continuous intravenous administration of propofol was utilized for ongoing anesthesia control. 

Summary of Anesthetic Protocols: This study compared two different general anesthesia 

techniques: one using inhaled sevoflurane and the other using intravenous propofol. 

Control Group (Group S): Sevoflurane Anesthesia  
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• Induction: Patients in this group were put to sleep with a single intravenous (IV) injection 

of propofol at a dose of 1.5-2.5 mg/kg. 

• Maintenance: Anesthesia was then maintained with inhaled sevoflurane gas, which was 

mixed with air and oxygen. The concentration of oxygen (FiO₂) was kept at a maximum of 50%. 

Intervention Group (Group P): Propofol Anesthesia  

• Induction: Anesthesia was induced using propofol administered through a TCI pump. 

This device is programmed to achieve a target drug concentration of 4 mcg/mL in the brain (effect-

site concentration, or Ce). 

• Maintenance: Anesthesia was maintained with a continuous IV infusion of 

propofol using the same TCI system. The anesthesiologist adjusted the target concentration as needed 

to keep the patient adequately anesthetized throughout the surgery. 

The concentration of both sevoflurane and propofol were adjusted to maintain the Bispectral 

Index (BIS) within a range from 40-60. The neuromuscular blocking agent cis-atracurium was 

continuously administered intravenously at a rate of 1-2 micrograms per kilogram per minute in both 

groups. The end-tidal carbon dioxide (EtCO2) concentration during expiration was maintained at a 

level of 30-35 millimeters of mercury in both groups. 

The vasoconstrictor, ephedrine, was used to maintain the mean arterial blood pressure at not 

lower than 20% of the patient's baseline mean arterial blood pressure or in cases in which the systolic 

blood pressure fell below 90 millimeters of mercury. Ephedrine was administered at a dose of 3 

milligrams per infusion. 

The heart rate stimulant atropine was given when the patient's heart rate fell below 50 beats per 

minute. Atropine was administered at a dose of 0.3 milligrams per infusion. 

The neuro-interventional radiologist applied pressure to stop bleeding in the patient's leg for a 

minimum of 15 minutes. When compression on the leg started, the administration of muscle relaxants 

was halted. Once the radiation oncologist stopped or released the pressure to prevent bleeding, the 

administration of sevoflurane and propofol through the intravenous route was discontinued. The 

muscle relaxant effect was reversed by administering neostigmine at a dose of 0.05 milligrams per 

kilogram. Atropine was also given to prevent bradycardia. Additionally, both groups received 4 

milligrams of ondansetron intravenously to prevent postoperative nausea and vomiting. The patients 

were allowed time to wake up, and then the endotracheal tube was removed.  

After the intervention, both groups of patients received 100% oxygen at the rate of 6 liters per 

minute. The endotracheal tube was removed after the patients had met the criteria, which consisted 

of having a sufficient response from the airways, having the ability to breathe adequately on their 

own, exhibiting sufficient muscle function (measured by handgrip strength, the ability to lift the 

head/legs, and holding up the head on command), and regaining consciousness. 

The assessment of the postoperative emergence from general anesthesia was conducted 

immediately within five minutes after extubation. The Richmond Agitation Sedation Scale (RASS) 

was used for this evaluation. The assessors, who were two members of the research team, were 

unaware of the type of anesthesia that had been used for sensory blockade. The research team 

ensured that the assessors had acquired a shared understanding of the defined terms and the severity 

of emergence agitation after sensory blockade suppression and that they had undergone a joint 

training for assessment. To ensure reliable data, inter-rater reliability was tested with Cohen’s Kappa 

coefficient (K) and exceeded 0.8 before actual data collection. 

Outcomes and Measurements 

The collected data was comprised of the duration until the moment that the patient had opened 

his/her eyes, the time to extubation, the time until the patient could correctly state his/her name, any 

incidents of hypotension and bradycardia, and the amounts of ephedrine and atropine that had been 

administered. 

Afterwards, the patient was transferred to the observation room for monitoring at least one hour 

before being discharged to the patient ward. In the observation room, patients underwent pain 
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assessment using the Numeric Rating Scale (NRS) immediately upon arrival and 30 minutes after 

having arrived. Pain management was initiated if the pain score was greater than 5, using 25 

micrograms of fentanyl intravenously. If there were no improvement, additional doses were 

administered every 5 minutes (up to two doses).  

During the observation period, occurrences of nausea and vomiting were recorded. Patients 

received 4 milligrams of ondansetron intravenously or 10 milligrams of metoclopramide 

intravenously in order to treat their nausea and vomiting. 

This study collected basic patient information: age, gender, weight, height, body mass index 

(BMI), ASA physical status, duration of sensory blockade, and surgical duration. 

 The secondary study data consisted of RASS scores, duration of extubation, duration of ptosis 

(time until patients open their eyes), time until patients can correctly respond with their name, 

postoperative nausea and vomiting, blood pressure, and heart rate during sensory blockade, as well 

as the severity of postoperative pain.  

Statistical Analysis  

An a priori power analysis was conducted to determine the optimal sample size required to 

detect a statistically significant difference in the incidence of emergence agitation between the two 

groups. The calculation was based on the assumption of a two-sided test for the difference between 

two independent proportions. 

Based on a previous study [10], we hypothesized the incidence of emergence agitation to be p₁ 

= 0.025 for the propofol group (Group P) and p₂ = 0.25 for the sevoflurane group (Group S). With a 

specified Type I error rate (α = 0.05) and a desired power of 80% (β = 0.2), the analysis determined a 

minimum required sample of 34 subjects per arm. 

To compensate for potential subject attrition, this number was adjusted for an 

anticipated dropout rate of 15%. 

Therefore, to ensure adequate statistical power, the final target enrollment was rounded up to 

40 participants per group, yielding a total study size of 80 patients.  

This study analyzed its data using STATA version 10. For the categorical group data, frequencies 

and percentages were reported, and statistical tests, such as Pearson Chi-square test or Fisher’s exact 

test, were employed. For the continuous data, if normally distributed, the means and standard 

deviations were presented, along with statistical tests like the Independent t-test. In case of non-

normally distributed data, the median and interquartile range were provided, and the statistical test 

used was the Mann-Whitney U test. 

Results 

Participant Characteristics 

All 80 volunteers remained throughout the entire study, and no patient withdrew before 

completing the study period. The data for each patient was analyzed in the respective groups 

assigned from the beginning (Figure 1). Basic demographic information for the patients in both 

groups showed similarities (Table 1). 
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Quantitative data, including age, weight, height, duration of surgery, and duration of anesthesia, 

is presented in the mean (SD) format. Qualitative data, such as gender and ASA classification, is 

presented as counts and percentages. Regarding the main study outcomes, the incidence of 

emergence agitation, measured by RASS values greater than or equal to 1, was not observed in both 

groups (Table 2). 
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Primary Outcomes 

In the comparison of the severity of emergence agitation after regaining consciousness from 

anesthesia suppression, presented in the form of counts and percentages in both groups, it was found 

that in the propofol group, patients had a higher sedation score than the sevoflurane group. However, 

no statistically significant difference was observed (Table 3). 

Secondary Outcomes 

Regarding the duration of self-awareness, including the time it takes for patients to open their 

eyes, the duration of extubation, and the time it takes for patients to respond to their names, it was 

found that the sevoflurane group had shown a faster duration of self-awareness compared to the 

propofol group. This applies to the time it takes for patients to open their eyes, the duration of 

extubation, and the time it takes for patients to respond to their names. However, no statistically 

significant differences were observed (p=0.076, 0.094, and 0.146, respectively). Regarding 

postoperative pain, there was no difference between the two groups (Table 5). 

Adverse Events  

Regarding the side effects related to hypotension, when comparing the dosage of ephedrine, it 

was found to be significantly higher in the sevoflurane group (p=0.031). In terms of bradycardia, 

comparing the use of atropine, it was found that the propofol group had used more medication, but 

the difference was not found to be statistically significant (p=0.317) (Table 6).  

Table 1. The Demographic data. 

 Propofol group 

(n=40) 

Sevoflurane group 

(n=40) 

Male Gender, N (%) 20 (50.0) 20 (50.0) 

Age, mean (S.D.), y 43.1 (13.2) 46.0 (13.6) 

Weight, mean (S.D.), kg. 63.6 (10.4) 63.4 (11.3) 

Height, mean (S.D.), cm. 162.7 (7.9) 161.0 (9.1) 

BMI, mean (S.D.), kg/m2 24.0 (3.4) 24.2 (3.6) 

ASA classification, N (%)   

1 12 (30.0) 12 (30.0) 

2 24 (60.0) 24 (60.0) 

3 4 (10.0) 4 (10.0) 

Duration of surgery, mean (S.D.), min 39.5 (30.8) 51.0 (36.8) 

Duration of anesthesia, mean (S.D.), min 85.7 (29.9) 97.5 (38.7) 

The data is presented as a number (%), mean ± S.D. S.D.= standard deviation, cm.= centimeter, kg. = kilogram, 

kg/m²= kilograms per square meter, BMI = Body Mass Index, ASA = American Society of Anesthesiologist. 

Table 2. Incidences of emergence agitation. 

Agitation (RASS >=1) 
Propofol group 

(n=40) 

Sevoflurane group 

(n=40) 

Yes - - 
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No 40 (100.0) 40 (100.0) 

The data is presented as a number (%). RASS = The Richmond Agitation Sedation Scale. 

Table 3. The Severity of the Agitation/Sedation Scale. 

Scores 
Propofol group 

(n=40) 

Sevoflurane group 

(n=40) 
p-values 

-3 4 (10.0) 2 (5.0) 0.675 

-2 7 (17.5) 6 (15.0) 0.762 

-1 13 (32.5) 19 (47.5) 0.171 

0 16 (40.0) 13 (32.5) 0.485 

The data is presented as a number (%). RASS = The Richmond Agitation Sedation Scale. 

Table 4. Recovery times. 

 Propofol group 

(n=40) 

Sevoflurane group 

(n=40) 
p-values 

The data is presented as mean ± S.D. S.D.= standard deviation. 

Table 5. The other outcomes 

Eye opening time, mean (S.D.), min 8.3 (4.9) 6.2 (2.7) 0.076 

Extubation time, mean (S.D.), min 9.4 (5.1) 7.1 (2.5) 0.094 

Orientation time, mean (S.D.), min 11.1 (6.5) 8.4 (2.8) 0.146 

The data is presented as mean ± S.D. S.D.= standard deviation, NSR = Numeric Rating Scale, mcg.= 

microgram 

 Propofol group 

(n=40) 

Sevoflurane group 

(n=40) 
p-values 

Pain on Arrival    

Pain score, mean (S.D.), NRS 0.2 (0.6) 0.2 (0.9) 0.970 

Fentanyl, mean (S.D.), mcg. 0 (0) 0.6 (3.9) 0.317 

Pain on 30 Mins    

Pain score, mean (S.D.), NRS 0.4 (1.1) 0.2 (0.7) 0.454 

Fentanyl, mean (S.D.), mcg. 0.6 (3.9) 0 (0) 0.317 
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Table 6. The rescue drugs used. 

 Propofol group 

(n=40) 

Sevoflurane group 

(n=40) 
p-values 

Ephedrine, mg. 0.5 (1.6) 2.5 (4.6) 0.031* 

Atropine, mg. 0.02 (0.1) 0 (0) 0.317 

The data is presented as a mean ± S.D., *Statistically significant, p < 0.05 S.D.= standard deviation, 

mg.= miligram 

 

Discussion 

This randomized controlled study was designed to compare the effects of propofol-based total 

intravenous anesthesia and sevoflurane-based inhalation anesthesia on recovery profiles and 

hemodynamic stability in patients, who had undergone minimally invasive neurointerventional 

procedures. The primary finding was the complete absence of emergence agitation, defined as a 

Richmond Agitation-Sedation Scale score ≥ +1, in both arms of the study. While the sevoflurane group 

had demonstrated a trend towards faster recovery, this did not reach statistical significance. Notably, 

significant hemodynamic differences were observed, with the sevoflurane group requiring more 

frequent intervention for hypotension. 

Mechanisms of Agitation 

The most striking result of this study is the zero incidence of EA in the cohort of 80 patients. 

Emergence agitation is a multifactorial phenomenon characterized by disorientation, restlessness, 

and hyperactivity during recovery from anesthesia, with reported incidences ranging from 5% to 30% 

in the general adult population [11]. The complete absence of EA in our trial strongly supports the 

hypothesis, as suggested by Yu et al. [12], that postoperative pain is a primary and potent trigger for 

this condition. The neurointerventional procedures performed in this study were characterized by 

minimal tissue trauma, low inflammatory response, and consequently, low levels of nociceptive 

input. This interpretation was corroborated by our finding of uniformly low postoperative pain 

scores (NRS), which did not differ between the groups. 

Beyond pain, other contributing factors to EA include preoperative anxiety, residual effects of 

certain anesthetic agents, and physiological disturbances like bladder distension or hypoxia [13]. Our 

study protocol, which utilized standardized, short-acting agents and BIS-guided anesthetic depth, 

likely minimized the pharmacological contribution to agitation. The controlled, minimally invasive 

nature of the procedure also obviates many of the physiological stressors that are associated with 

major open surgery. Therefore, our findings suggested that in the context of modern, low-pain 

surgical procedures, the choice between propofol and sevoflurane may have a negligible impact on 

the incidence of EA, as the principal trigger is effectively absent. This challenges results from earlier 

studies that found a higher incidence of EA with volatile anesthetics, which may have been conducted 

in more painful surgical settings where the intrinsic properties of the agents become more influential. 

Comparative Effectiveness and Clinical Significance 

A key secondary objective was to compare the recovery profiles. Our data revealed a consistent 

trend towards a more rapid recovery in the sevoflurane group across all the measured parameters: 

time to eye-opening (p=0.076), time to extubation (p=0.094), and time to correct name response 

(p=0.146). While these differences did not achieve statistical significance, the proximity of the p-

values to the 0.05 threshold suggested that a clinically meaningful difference may exist, which our 

study was underpowered to definitively detect. A delay of even a few minutes can have significant 

implications for operating room turnover and patient flow in a high-volume interventional suite. 

The lack of statistical significance likely stemmed from our rigorous, BIS-guided anesthetic 

maintenance. Unlike studies that titrate anesthesia based on hemodynamic parameters, which can 
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lead to variable anesthetic depths, BIS monitoring ensures a comparable level of central nervous 

system depression among groups [14]. This precise titration minimizes deep anesthesia, thereby 

standardizing the starting point for emergence and potentially masking the inherent pharmacokinetic 

differences between the drugs. This contrasts with findings from Castagnin et al., who reported 

statistically significant, albeit small, differences in recovery times [15]. Our results suggested that 

when anesthetic depth is meticulously controlled with objective monitoring, the clinical differences 

in recovery speed between modern intravenous and inhaled agents may be attenuated to the point 

of being statistically indistinguishable in smaller cohorts. 

Integration with Contemporary Interventional Radiology Practice 

The findings of this study have direct implications for anesthetic practice in the interventional 

neuroradiology (INR) suite, particularly for neurovascular procedures. The goals in this setting are 

to provide immobility, ensure hemodynamic stability for optimal cerebral perfusion, and facilitate a 

rapid, smooth recovery for prompt neurological assessment [16]. 

The sevoflurane group's profile presented a trade-off. The trend towards faster emergence is 

advantageous for high-throughput environments and enables more rapid neurological evaluation 

post-procedure. However, the significantly higher incidence of hypotension requiring vasopressor 

support is a critical concern. In neuro-interventional cases, maintaining stable mean arterial pressure 

is of paramount importance when seeking to prevent cerebral ischemia or to manage intracranial 

pressures [16]. The vasodilation associated with sevoflurane, while manageable, introduces a level of 

hemodynamic instability that may be undesirable during the delicate phases of a procedure. 

Conversely, propofol offered superior hemodynamic stability with significantly less need for 

ephedrine. This predictable blood pressure profile is highly advantageous for neurovascular patients 

for whom iatrogenic hypotension can have severe consequences. While recovery was marginally 

slower, it remained rapid and predictable, without any instances of agitation that could complicate 

immediate post-procedural care. Therefore, for contemporary INR practice, the choice of agent 

should be tailored to the specific procedural requirements and patient comorbidities. Propofol may 

be the preferred agent when hemodynamic stability is the highest priority, whereas sevoflurane 

could be considered for shorter cases in hemodynamically robust patients for whom rapid turnover 

is the primary operational goal. 

Safety Profile and Clinical Implementation 

Both anesthetic techniques demonstrated a high degree of safety in this cohort of predominantly 

healthy (ASA I-II) patients. The principal difference in the safety profile was hemodynamic. The 

significantly greater requirement for ephedrine in the sevoflurane group (p=0.031) confirmed the 

well-documented vasodilatory effects of volatile anesthetics [17]. While this was effectively managed, 

it necessitates increased vigilance and pharmacological intervention from the anesthesiologist. 

In the propofol group, there was a non-significant trend towards a greater use of atropine for 

bradycardia (p=0.317). This is consistent with propofol's known propensity to blunt the baroreceptor 

reflex, which can lead to unopposed vagal tone [18]. Although it was not statistically significant here, 

it remains a known clinical consideration, particularly in patients with pre-existing low heart rates 

and those on beta-blockers. 

Importantly, there were no differences in postoperative pain or the incidences of postoperative 

nausea and vomiting. The low rates of both complications were likely attributable to the minimally 

invasive nature of the procedures rather than to a specific property of the anesthetic agents. From the 

standpoint of clinical implementation, both agents are viable options, but the clinician must be 

prepared to manage their distinct and predictable side-effect profiles: hypotension with sevoflurane 

and the potential for bradycardia with propofol. 

Limitations and Future Research Directions 

This study had several limitations that warrant consideration. Firstly, the sample size of 80 

patients, while sufficient to detect large differences, may have been underpowered to identify 

smaller, yet clinically relevant, differences in recovery times, which could have potentially led to a 

Type II error. The non-significant trends observed in the recovery metrics suggest this possibility. 
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Secondly, the study was conducted at a single center with a specific patient population (ASA I-II), 

who underwent a narrow range of low-pain procedures. These results may not be generalizable to 

sicker patients or to those undergoing more extensive, painful surgeries in which EA is more 

common. Thirdly, our definition of EA (RASS ≥ +1) was specific and may not have captured the more 

subtle forms of emergence delirium. 

Future research should be directed towards several key areas. A large-scale, multicenter 

randomized controlled trial is needed to definitively determine if there are statistically significant 

differences in recovery times between BIS-guided propofol and sevoflurane anesthesia. Such a study 

would have the statistical power to clarify the clinical significance of the trends observed here. 

Furthermore, comparative studies conducted among different surgical populations, particularly 

those undergoing moderately to severely painful procedures, are essential to elucidate whether the 

choice of primary anesthetic agent can influence the incidence of EA when a powerful trigger like 

pain is present. Finally, future investigations could incorporate patient-centered outcomes, such as 

the quality of recovery scores (e.g., QoR-40) and patient satisfaction, to provide a more holistic 

comparison of these two common anesthetic techniques. 

Conclusions 

In patients undergoing neurointerventional radiology, no incidence of post-anesthetic 

emergence agitation was observed in either the group that had received the inhaled sevoflurane or 

the group that had received intravenous propofol. However, a notable difference in hemodynamic 

stability was identified. Compared to the propofol group, the sevoflurane group had experienced a 

significantly higher incidence of hypotension that required treatment with vasopressor agents.  
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