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Objective: To compare the effects of remifentanil-propofol versus propofol alone on anesthesia outcomes in patients undergoing
surgery for severe traumatic brain injury (TBI).

Methods: In this single-center, retrospective cohort study, we analyzed the data of 113 consecutive severe TBI (GCS <9) patients
who underwent emergency neurosurgery. Patients were allocated into two groups based on the anesthesia maintenance regimen:
the control group (n=56) received a continuous infusion of propofol alone, while the observation group (n=57) received a combination
of remifentanil and propofol. The groups were well-matched at baseline. We compared anesthesia recovery times, hemodynamic
parameters (SpO,, MAP, HR) at various time points, postoperative pain (VAS) and agitation (RSAS) scores, levels of inflammatory
(TNF-a, IL-6) and neurological damage (S-10083, NSE) biomarkers, and 3-month neurological outcomes using the Glasgow Outcome
Scale (GOS).

Results: Compared to the control group, the observation group demonstrated significantly shorter extubation time (13.54 + 3.23 vs
24.79 £ 5.71 min, P < 0.001) and awakening time (8.72 + 2.43 vs 17.21 £ 3.96 min, P < 0.001). The remifentanil-propofol regimen
was associated with superior intraoperative hemodynamic stability for MAP and HR (Group and Interaction effects, P < 0.05). At
24 hours postoperatively, the observation group also exhibited lower VAS and RSAS scores (both P < 0.05), as well as reduced
elevations in TNF-a, IL-6, S-100B, and NSE levels (all P < 0.05). Critically, a significantly higher proportion of patients in the
observation group achieved a “Good Recovery” on the GOS at 3 months (54.39% vs 25.00%, P = 0.001).

Conclusion: For severe TBI surgery, remifentanil-propofol is associated with faster emergence, better hemodynamic control, reduced
pain/agitation, attenuated neuro-inflammation, and improved long-term recovery versus propofol alone, suggesting significant clinical
benefits. Prospective studies are warranted for confirmation.
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Introduction

Traumatic Brain Injury (TBI) is a common and serious clinical condition, causing significant health and socioeconomic
burden worldwide.! With the continuous progress of social development and industrialization, the incidence of TBI is
gradually increasing, making it one of the important global public health issues.” The treatment and rehabilitation of TBI
have always been of great concern, with surgical intervention being one of the key steps to improve patient prognosis.® In
the surgical treatment of TBI patients, the choice of anesthesia is crucial for the smooth progress of the surgery and the
impact on postoperative recovery.* Propofol is a widely used intravenous anesthetic in clinical practice, characterized by
rapid and smooth induction and recovery, and is widely used in various surgeries.” However, the use of propofol
anesthesia alone in TBI patients may have limitations, such as inadequate postoperative pain control and unstable
intraoperative hemodynamics, affecting postoperative recovery.
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Remifentanil, as a highly efficient short-acting p-opioid receptor agonist, has rapid and potent analgesic effects and is
widely used for adjunctive analgesia and sedation in anesthesia.® Recent studies’* have shown that the combined use of
remifentanil with propofol in surgical anesthesia is superior to using propofol alone. However, its clinical effects in TBI
patient anesthesia and its impact on postoperative recovery have not been sufficiently studied and confirmed. Therefore,
this study aims to retrospectively analyze the clinical data of TBI patients admitted to our hospital in the past two years,
compare the clinical effects of remifentanil combined with propofol versus propofol alone in TBI patient anesthesia, and
explore their effects on patient anesthesia recovery, intraoperative hemodynamic stability, postoperative pain, agitation
control, inflammatory response, neurological injury, and prognosis recovery.”'® The goal is to provide a more scientific
and effective anesthesia management strategy for the surgical treatment of TBI patients.

Data and Methods

Study Design and Patient Selection
This single-center, retrospective cohort study was approved by the Medical Ethics Committee of The First Hospital of
Nanping City (Approval No.: NPFH2021-ETH-032). The requirement for informed consent was waived due to the
retrospective nature of the study, patient data will not be shared with third parties. Patient data confidentiality was
maintained. We reviewed the clinical data of 113 consecutive patients with severe traumatic brain injury (TBI) who
underwent emergency neurosurgery at our hospital between January 2022 and January 2024.

All procedures performed in this study involving human participants were conducted in accordance with the ethical
standards of the institutional and/or national research committee and with the principles of the Declaration of Helsinki (as
revised in 2013).

Inclusion and Exclusion Criteria
Inclusion Criteria: O Patients aged > 18 years with a clinical and radiological (CT scan) diagnosis of severe TBI
(Glasgow Coma Scale [GCS] score < 9) upon emergency department admission; @ Time from injury to surgery <
12 hours; ® American Society of Anesthesiologists (ASA) physical status II-IV; @ Patients who received general
anesthesia with either propofol alone or a remifentanil-propofol combination as per the study protocol; & Availability of
complete clinical data for analysis.

Exclusion Criteria: (D Pre-existing severe organ dysfunction (eg, heart failure NYHA Class III-1V, severe hepatic or
renal insufficiency); @ History of previous cranial neurosurgery or intracranial infection; 3 Coexisting immune,
neurological, or hematological disorders that could confound outcome assessment; 4 Known allergy or contraindication
to any drug used in the study protocol; ® Pregnant or lactating women.

Based on the anesthesia maintenance regimen, patients were allocated into two groups: the Control group (n=56)
received propofol infusion alone, and the Observation group (n=57) received a remifentanil-propofol combination.

Anesthesia Management
All patients were managed according to a standardized institutional protocol for severe TBI. Upon arrival in the operating
room, standard monitoring was established, including electrocardiogram (ECG), non-invasive blood pressure (NIBP),
pulse oximetry (SpO,), and capnography (P.CO,). An arterial catheter was placed in the radial artery for continuous
blood pressure monitoring. Depth of anesthesia was monitored using the Bispectral Index (BIS, Covidien, USA), with
a target range of 40—60.
Anesthesia Induction: After preoxygenation, anesthesia was induced intravenously with midazolam (0.03-0.05 mg/kg),
fentanyl (2-4 ng/kg), propofol (1.5-2.5 mg/kg), and rocuronium (0.6 mg/kg) to facilitate orotracheal intubation.
Anesthesia Maintenance: Following intubation, mechanical ventilation was initiated to maintain P,CO, at
35-40 mmHg.
Control Group: Anesthesia was maintained with a continuous intravenous infusion of propofol at 4-6 mg-kg 'h™".
Observation Group: Anesthesia was maintained with a continuous infusion of propofol at 4-6 mg-kg '*h™" and

remifentanil at 0.10-0.25 pg-kg '-min'.
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In both groups, the infusion rates of propofol and remifentanil were titrated in real-time to maintain hemodynamic
stability (MAP > 65 mmHg and within 20% of baseline) and the target BIS value. Supplemental doses of rocuronium
were administered as needed to maintain neuromuscular blockade.

Hemodynamic Management: Intraoperative hypotension (MAP < 65 mmHg or a decrease > 20% from baseline) was
primarily managed with fluid boluses (crystalloids) and, if refractory, with intravenous boluses of norepinephrine
(4-8 pg). Bradycardia (HR < 50 beats/min) was treated with atropine (0.5 mg IV).

Postoperative Management: At the end of surgery, the decision to extubate was made by the attending anesthesiol-
ogist based on standard criteria: hemodynamic stability, adequate spontaneous ventilation, core temperature > 36°C, and
return of protective airway reflexes. Patients who did not meet extubation criteria were transferred to the neurosurgical
ICU for continued sedation and mechanical ventilation. For extubated patients, postoperative analgesia was provided

with intravenous dezocine (0.1 mg/kg) upon emergence.

Observation Indicators

(1) Anesthesia indicators: Anesthesia maintenance time, time to extubation, and awakening time (time from cessation
of anesthetics to eye opening on command).

(2) Hemodynamic indicators: At pre-operation (T0), 30 minutes after anesthesia induction (T1), immediately after
surgery (T3), and 24 hours after surgery (T3), patient’s levels of oxygen saturation (SpO2), mean arterial pressure
(MAP), and heart rate (HR) were measured using electrocardiographic monitoring.

(3) Pain and agitation: At 1 hour and 24 hours after surgery, the Visual Analog Scale (VAS)'' was used to assess pain,
with scores ranging from 0 to 10, and the Ricker Sedation-Agitation Scale (RSAS)'? was used to assess agitation,
with scores ranging from 1 to 7.

(4) Inflammation and neurologic factor indicators: Before surgery and 24 hours after surgery, 5 mL of fasting elbow
venous blood was collected from patients, and the supernatant was obtained by routine centrifugation. Enzyme-
linked immunosorbent assay was used to measure the levels of tumor necrosis factor-alpha (TNF-a), interleukin-6
(IL-6), S-100pB, and neuron-specific enolase (NSE).

(5) Prognosis and recovery: Patients were followed up at 3 months after surgery, and the Glasgow Outcome Scale
(GCS)"? was used to evaluate prognosis. Scores ranged from 1 to 5: 1 = death; 2 = vegetative state with minimal
responsiveness; 3 = severe disability requiring assistance for daily living; 4 = moderate disability with indepen-
dence in daily living; 5 = good recovery with ability to live normally.

Statistical Analysis

GraphPad Prism 8 was used for graphing, and SPSS 20.0 was used for data analysis. Descriptive statistics for continuous
data were presented as (X £ s), and independent sample t-tests, paired t-tests, and repeated measures analysis of variance
were used. Descriptive statistics for categorical data were presented as n (%), and the chi-square test was used for
analysis. A P-value < 0.05 indicated statistical significance.

Results

A total of 113 patients were included in the final analysis, comprising 56 allocated to the control group (propofol alone)
and 57 to the observation group (remifentanil-propofol). The comparison of baseline demographic and clinical char-
acteristics between the two groups is summarized in Table 1. No statistically significant differences were observed in any

of the recorded baseline variables (all P > 0.05), indicating that the two groups were well-matched and comparable.

Comparison of Anesthesia Indicators

The comparison of anesthesia maintenance time between the two groups was not statistically significant (P > 0.05). The
extubation time and awakening time in the observation group were significantly shorter than those in the control group (P <0.05),
as shown in Table 2.

Drug Design, Development and Therapy 2025:19 hetps: 10563



Zhu et al

Table I Comparison of Baseline Data

Control (n=56) | Observation (n=57) | y*/t/Z P
Gender 0.708 | 0.400
Male 29 (51.79) 34 (59.65)
Female 27 (48.21) 23 (40.35)
Age (years) 41.86+4.77 42.57£5.16 0.694 | 0.488
BMI (kg/m?) 22.18+1.54 22.42+1.71 0.718 | 0.474
ASA Grade 0.883 | 0.641
1l 2 (3.57) 4 (7.02)
1] 7 (12.50) 6 (10.53)
v 47 (83.93) 47 (82.46)
Cause of Injury 0.485 | 0.486
Traffic Accident 20 (35.72) 24 (42.11)
Fall from Height 16 (28.57) 12 (21.05)
Struck by Heavy Object 13 (23.21) 11 (19.30)
Other 7 (12.50) 10 (17.54)
GCS score at admission, M (QL, QU) 6.0 (4.0, 9.5) 6.0 (5.0, 10.0) —0.370 | 0.711
Hypertension, n (%) 12 (21.43) 9 (15.79) 0.279 | 0.597
Symptom at admission, n (%) 0429 | 0512
Vomiting 36 (64.29) 36 (63.16)
Spasm 27 (48.21) 32 (56.14)
Consciousness dysfunction 51 (91.07) 53 (92.98)
Combined injury, n (%) 0.991 0.987
Thoracic injury 16 (28.57) 16 (28.07)
Limb fracture 7 (12.50) 7 (12.28)
Neck injury 3 (5.36) 3 (5.26)
Result of CT examination, n (%) 0.388 | 0.533
Focal injury 21 (37.50) 25 (43.86)
Diffuse injury 35 (62.50) 31 (54.39)
ICU stay (days), EQN 25.00 + 1853 2440 £ 14.82 0.166 | 0.869
Type of craniocerebral surgery, n (%) 0423 | 0515
Removal of intracerebral hematoma 14 (25.00) 11 (19.30)
Removal of subdural hematoma 7 (12.50) 8 (14.04)
Removal of epidural hematoma 0 (0.00) 3 (5.26)
Ventricular puncture drainage 15 (26.79) 9 (15.79)
Tracheotomy, n (%) 29 (51.79) 27 (47.37) 0.186 | 0.666

Table 2 Comparison of Anesthesia Indicators (X £ s, Min)

Control (n=56) | Observation (n=57) t P
Anesthesia Maintenance Time 310.57+35.34 308.65+£34.46 0.292 0.770
Extubation Time 24.79+5.71 13.54+3.23 12.919 | <0.001
Awakening Time 17.21£3.96 8.72+2.43 13.763 | <0.001

Comparison of Hemodynamic Indicator Levels

As shown in Figure 1, there were statistically significant differences in SpO2, MAP, and HR between the two groups at different
time points, as well as significant interaction effects between time and grouping (SpO2: Froup=6.387, Frime=308.129, Fiyteraction
=25.974, P < 0.05; MAP: Fgroup=24.439, Frime=434.852, Frnteraction=36.975, P < 0.05; HR: Fr0uy=9.064, Frime=348.757,
Flateraction=16.918, P < 0.05).
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Figure | Comparison of Hemodynamic Indicator Levels (X =+ s).
Note: *P < 0.05 compared to TO; #P < 0.05 between groups.

Comparison of Pain and Agitation
As depicted in Figure 2, the VAS scores and RSAS scores of both groups increased at 24 hours postoperatively compared

to 1 hour postoperatively, with the observation group showing a smaller change in magnitude (P < 0.05).

Comparison of Inflammatory and Neurological Factor Levels
As illustrated in Figure 3, the levels of TNF-a, IL-6, S-100f, and NSE in both groups increased at 24 hours postoperatively

compared to preoperative levels, with the observation group showing a smaller change in magnitude (P < 0.05).

Comparison of Prognosis and Recovery
There were no deaths in either group. The proportion of good prognosis and recovery was higher in the observation group

compared to the control group (P < 0.05), as shown in Table 3.
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Postoperative 1 hour Postoperative 24 hours Postoperative 1 hour Postoperative 24 hours

Figure 2 Comparison of Pain and Agitation (X £ s, score).
Note: *P < 0.05 compared to | hour postoperatively; #P < 0.05 between groups.
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Figure 3 Comparison of Inflammatory and Neurological Factor Levels (X % s).
Note: *P < 0.05 compared to | hour postoperatively; #P < 0.05 between groups.

Discussion
Traumatic Brain Injury (TBI) is a complex and severe neurological condition often caused by external forces acting on
the head, leading to significant disruption in brain structure and function.'* Data shows that TBI results in millions of
people losing their quality of life due to disability or death each year, significantly impacting the quality of life of patients
and their families, as well as their social functioning.'® Early diagnosis and treatment are crucial for TBI patients. While
significant progress has been made in emergency care and surgical treatment, the postoperative recovery of patients
remains unsatisfactory. Postoperative recovery depends not only on the effectiveness of surgical treatment but also on the
management of anesthesia during and after surgery.'® Therefore, selecting appropriate anesthetic drugs and effective
anesthesia management strategies is crucial for the surgical treatment and postoperative recovery of TBI patients.
Propofol, as a commonly used anesthetic drug, has the advantages of rapid onset and recovery and is widely used in
various surgeries and medical procedures. However, its sole use may have limitations such as unstable intraoperative
hemodynamics, inadequate postoperative pain control, and limited neuroprotective effects.'” Therefore, finding a safer
and more effective anesthesia management strategy is an urgent clinical need. In recent years, remifentanil, as a potent
analgesic, has been widely used in clinical anesthesia management.'® Remifentanil has the advantages of rapid onset,
potent analgesia, and hemodynamic stability. It not only provides excellent anesthesia but also alleviates intraoperative
and postoperative pain, thereby improving the surgical experience and postoperative recovery of patients. Therefore, this
study attempted to explore the application effect of combining remifentanil with propofol in anesthesia for TBI patients
and its impact on patients’ postoperative recovery.

Surgery, as a potent stressor, often induces intense physiological responses in patients, affecting the changes in
hemodynamic parameters, which may impact the patient’s prognosis.'” The results of this study show that the

Table 3 Comparison of Prognosis and Recovery [n(%)]

Group (n) Good Recovery | Mild Disability | Severe Disability | Vegetative State
Control (n=56) 14 (25.00%) 24 (42.86%) I (19.64%) 7 (12.50%)
Observation (n=57) 31 (54.39%) 18 (31.58%) 6 (10.53%) 2 (3.50%)

x* 10.178 1.538 1.836 2.009

P 0.001 0.214 0.175 0.156
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perioperative levels of SpO2, MAP, and HR in both groups exhibited a trend of initial increase followed by decrease,
with the observation group showing smaller fluctuations compared to the control group. The VAS scores and RSAS
scores of both groups increased at 24 hours postoperatively compared to 1 hour postoperatively, with the observation
group showing smaller fluctuations compared to the control group. The proportion of patients with good prognosis in the
observation group was higher than that in the control group. These results are consistent with previous studies,”*'
indicating that compared to the sole use of propofol, the combination of remifentanil and propofol in TBI surgery patients
can stabilize the patients’ hemodynamic levels, effectively alleviate perioperative pain and agitation, and contribute to the
patients’ postoperative recovery. The reasons for this are as follows: ) Remifentanil has the effect of dilating cerebral
blood vessels and improving blood flow, thereby maintaining the hemodynamic stability of brain tissue; 2 Remifentanil
can also act synergistically with propofol to dilate peripheral brain vessels, reduce venous tension, prevent sudden blood
pressure rise, and exert a neuroprotective effect; 3 Remifentanil can also protect brain tissue by inhibiting the
neuroendocrine system, prolonging analgesic effects, reducing the production of oxygen free radicals, inhibiting brain
tissue metabolism, and reducing the risk of cerebral edema and intracranial hypertension. Additionally, the results of this
study also showed that the extubation time and awakening time of patients in the observation group were shorter than
those in the control group, which may be related to factors such as the rapid metabolism of remifentanil after
administration, contributing to the shortened awakening time.

Research?” indicates that the impact of TBI on the body is not only due to direct mechanical damage, but also
involves complex changes in inflammation and the nervous system. S-100B, a low molecular weight calcium-binding
protein, is primarily concentrated in astrocytes in the nervous system and cells of the anterior pituitary lobe. TBI-induced
brain tissue damage leads to a significant increase in S-100B levels in cerebrospinal fluid, which then enters the
bloodstream through the damaged blood-brain barrier, resulting in elevated serum S-100p concentrations.*
Meanwhile, NSE mainly exists in brain neurons and neuroendocrine cells. Under normal circumstances, its content in
serum is low. However, after brain tissue damage, NSE is released into cerebrospinal fluid and blood, causing a sharp
increase in serum NSE concentration.”* TNF-o is primarily produced by monocytes and serves as the initiator of
inflammatory responses. It can activate various immune cells during acute brain injury, exacerbating the inflammatory
response and thus aggravating brain tissue damage.”> IL-6, a pleiotropic cytokine produced by monocytes and macro-
phages, participates in the cascade of inflammatory reactions, and its levels are positively correlated with the severity of
early neurological dysfunction in brain injury patients.”® The results of this study show that TNF-a, IL-6, S-100B, and
NSE levels in both groups increased at 24 hours postoperatively compared to preoperative levels, with smaller
fluctuations in the observation group compared to the control group, suggesting that the application of remifentanil
combined with propofol may further alleviate the impact of surgery on patients’ brain injury. The reasons for this may be
related to the neuroprotective effects of propofol and remifentanil. Propofol can reduce the expression of free radicals and
inflammatory factors, while remifentanil has a certain antihypertensive effect in cranial surgery, which is beneficial for

temporarily reducing cerebral oxygen consumption and thus protecting brain cells.

Limitations

However, it is important to note that although this study has obtained some meaningful results, there are also some
limitations. Firstly, the sample size of this study is relatively small, which may affect the reliability and generalizability
of the results. Secondly, the study design adopted retrospective analysis, which may have issues with information bias
and confounding factors. Additionally, this study lacks long-term follow-up results, making it impossible to comprehen-
sively assess the long-term prognosis and recovery of patients, which is crucial for the rehabilitation process of TBI
patients. Finally, this study was conducted only in a single medical institution, lacking support from multicenter data,
which may limit the representativeness and reliability of the results. Therefore, in future research, we will improve and
refine the above shortcomings to further enhance the credibility of the research results and the effectiveness of clinical

applications.
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Conclusion
In this retrospective cohort study of patients with severe traumatic brain injury, the use of a remifentanil-propofol
anesthetic regimen, compared to propofol alone, was associated with several more favorable perioperative
outcomes. Specifically, the remifentanil-propofol combination was correlated with accelerated anesthesia recov-
ery, demonstrated better stability in intraoperative hemodynamics, and showed improvements in perioperative pain and
agitation levels. Furthermore, this regimen was linked to a reduction in postoperative inflammatory and neural damage
biomarkers and was associated with better recovery quality at the 3-month follow-up.

These findings suggest that the remifentanil-propofol combination may be a valuable anesthetic strategy for severe
TBI patients undergoing surgery. However, given the observational nature of this study, further prospective, randomized
controlled trials are warranted to confirm these associations and establish causal efficacy.

Disclosure
The authors report no conflicts of interest in this work.
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