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ABSTRACT
AIM: To compare the effects of sevoflurane and propofol anesthesia on perioperative cerebral oxygenation in patients undergoing
carotid endarterectomy (CEA) under general anesthesia by using near-infrared spectroscopy (NIRS) monitoring.
MATERIAL and METHODS: Institutional approval was obtained, and the perioperative data of 33 patients undergoing CEA were
retrospectively evaluated. The study groups were organized according to the anesthesia drugs used for maintenance: sevoflurane
(n=17) and propofol (n=16). The regional cerebral oxygen saturation (rScO2) of the ipsilateral and contralateral hemispheres was
monitored continuously using a NIRS instrument and analyzed at specific time points starting from induction to the 12th hour
postoperation. The data were analyzed using the appropriate tests, and a p value of <0.05 was considered significant.
RESULTS: Compared with those of groups with non-clamped hemispheres, the rScO2 values of the sevoflurane and propofol
groups decreased significantly during clamping (p<0.05) and increased to above-preoperative values after declamping (p<0.05).
When the sevoflurane and propofol groups were compared, a significant decrease in rScO2 was noted during extubation in the
sevoflurane group (p<0.05). In the propofol group, female patients had significantly lower rScO2 values compared with male patients
during clamping of the carotid artery (p<0.05). None of the observed decreases was greater than 20%, which is considered an
indication for shunting.
CONCLUSION: Our NIRS monitoring results indicate that sevoflurane or propofol anesthesia does not generally cause significant
differences in cerebral oxygenation during and after cross-clamping in patients undergoing CEA. The finding of sex-related
differences in cerebral oxygenation in patients receiving propofol and decreased oxygenation during extubation in patients receiving
sevoflurane warrants further studies.
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█

INTRODUCTION

S

troke is the fifth leading cause of registered resident deaths
in the United States and the second leading cause of
death in patients with cardiovascular diseases worldwide
(2,8). Atherosclerotic carotid stenosis is the main cause of
ischemic stroke. Carotid endarterectomy (CEA) in combination
with medical therapy is superior to medical therapy alone in
individuals with high-grade (>70% angiographic stenosis)
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carotid stenosis (19,38). The advantages and disadvantages of
local and general anesthesia during CEA are well recognized.
Data from existing randomized controlled trials (RCTs) show
no difference in the neurological outcomes of local and general
anesthesia (11). General anesthesia allows optimal patient
positioning, excellent control of ventilation and oxygenation,
and improved comfort for the patient and surgeon. However,
intraoperative neurological monitoring with general anesthesia
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is more complicated and less sensitive than that with local
anesthesia (16,22).
CEA requires clamping of the ipsilateral carotid artery. Most
patients can tolerate clamping because they have sufficient
intra-cerebral collateral blood flow. Electroencephalography,
somatosensory- and motor-evoked potentials, carotid
stump pressure, transcranial Doppler, and cerebral oximetry
are commonly used to detect cerebral hypoperfusion and
ischemia during clamping under general anesthesia. None of
these modalities is superior to the other (22).
Cerebral oximetry is based on near-infrared spectroscopy
(NIRS) and measures the hemoglobin oxygen saturation of
the mixed arterial, capillary, and venous blood (rScO2) (25).
Real-time critical reductions in cerebral circulation can be
detected by NIRS monitoring. Significant reductions in rScO2
during carotid artery clamping are observed when occlusion
leads to a decrease in ipsilateral or contralateral cerebral
perfusion (31,34). Earlier studies considered NIRS to have
high sensitivity and specificity for detecting cerebral ischemia
in patients receiving CEA under general anesthesia (37).
Total intravenous anesthesia (TIVA) with propofol and
inhalational anesthesia with sevoflurane are two of the most
frequent anesthesia-maintenance techniques. Previous
reports concerning the beneficial effects of propofol and
sevoflurane for cerebral protection describe conflicting results
(10,23,29). On the one hand, volatile anesthetic agents,
including sevoflurane, provide neuroprotection during carotid
clamping by decreasing the cerebral metabolic rate (CMRO2)
and causing intrinsic dose-dependent cerebral vasodilation
(9,26). On the other hand, propofol has been shown to have
neuroprotective effects, which are attributed mainly to its free
radical scavenging and anti-inflammatory properties (26).
Information regarding the impact of the anesthesia technique
on the neurological outcomes of CEA patients is limited.
Thus, the present retrospective study compares the effects
of sevoflurane and propofol anesthesia on regional cerebral
oxygenation in patients undergoing carotid endarterectomy
with clamping of the carotid artery by using NIRS monitoring.
█

MATERIAL and METHODS

Approval to conduct this study was obtained from the
Institutional Ethics Committee. The perioperative anesthesia
and ICU data of patients between the ages of 50 and 80
years, American Society of Anesthesiologists classes I–III,
and undergoing CEA were retrospectively evaluated. Patients
with a history of lung disease and heart failure, those with
renal impairment (creatinine > 2 mg/dl) or emergency surgery,
patients with a history of cancer, and patients confirmed to be
hemodynamically unstable during anesthesia were excluded
from this analysis. The study groups were organized according
to the anesthesia drugs used for maintenance: sevoflurane
(n=17) and propofol (TIVA; n=16).
Anesthesia was provided using standard protocols without
premedication. Monitoring consisted of ECG, intermittent noninvasive blood pressure, invasive arterial blood pressure, body
temperature, pulse oximetry, and capnography. After 3 min of

preoxygenation, induction of anesthesia with propofol (2–2.5
mg/kg), rocuronium (0.6 mg/kg), and fentanyl (2 mg/kg) was
performed in both groups; tracheal intubation followed shortly
after. In the sevoflurane group, anesthesia was maintained
with 1–1.3 MAC of sevoflurane in 100%–50% oxygen; in the
propofol group, anesthesia was maintained with 6–10 mg/
kg/h propofol and 0.5–1.5 µg/kg/min remifentanil. The drugs
were adjusted manually according to the patients’ mean
arterial pressure and heart rate. Mechanical ventilation was
initiated after intubation with 50% oxygen, a tidal volume of
8–10 ml/kg, a positive end-expiratory pressure of 5 cmH2O,
and a respiratory rate to maintain an end-tidal carbon dioxide
(EtCO2) of 30–35 mmHg were obtained. FiO2 was increased to
1.0, and 120 IU/kg heparin was administered prior to clamping.
At the end of the procedure, the patients were transferred to
the ICU and received sedation and mechanical ventilation.
Patients were extubated in the ICU when they woke up and
reacted to the endotracheal tube.
Monitoring
Cerebral Oximetry
The rScO2 of the ipsilateral and contralateral hemispheres
was monitored continuously using a NIRS instrument (INVOS
5100 C; Somanetics, Troy, MI, USA) during the perioperative
period, and the data of specific timepoints were transferred
to a computer in Excel format (INVOS Monitoring System
Analysis Program), selectively registered, and analyzed.
These timepoints are as follows: awake before induction;
during induction; 5 minutes after intubation; 5 minutes after
fiO2 was reduced to 50%; before carotid clamping; 3, 5, 15,
and 30 minutes after clamping; after the release of the clamp,
during transfer, during intensive care; pre and post extubation,
and the12th hour postoperation. A decrease in the ipsilateral
hemisphere rScO2 of greater than 20% is considered an
indication for shunt placement (31).
Invasive arterial blood pressure results were recorded
continuously. Mean arterial pressure was recorded and
analyzed at the same time points considered in the NIRS
recordings.
The data were analyzed using the Kolmogorov–Smirnov,
Mann–Whitney U, and t-tests as appropriate. The rScO2 data
are presented as mean ± SE, and a p value of <0.05 was
considered significant.
█

RESULTS

The records of 39 patients were reviewed. Six patients (Figure
1) were eventually excluded from the analysis because of
cardiovascular instability (n=4) and renal impairment (n=2).
The demographic characteristics and preoperative health
status of all eligible 33 patients in the sevoflurane and propofol
groups are described in Table I. Among the patients, 20 were
male (60.6%), 13 were female (39.4%), and the mean age was
69.1 ± 9.3 years. Nineteen patients had right carotid artery
stenosis, while 14 patients had left carotid artery stenosis.
The most frequent comorbidities reported were hypertension
(51.2%) and diabetes (23%). A total of 14 and 5 patients
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Figure 1: Patient recruitment flowchart.
Table I: Demographic Characteristics and Preoperative Health Status of the Patients. Data are Presented as Number of Patients (n) or
mean ± SD, p<0.05 = Significant

Sevoflurane
n=17
Sex (M/F)

TIVA
n=16

p

10/7

10/6

>0.05

Age (years)

71.1 ± 9.0

66.1 ± 9.9

>0.05

ASA score

2.8

2.8

>0.05

12/5

9/7

>0.05

Diabetes (n)

2

7

>0.05

Hypertension (n)

10

10

>0.05

COPD (n)

2

2

>0.05

Preoperative TIA-Stroke (n)

8

6

>0.05

Postoperative TIA-Stroke (n)

4

1

>0.05

Duration of surgery (min)

107.4

109.4

>0.05

Duration of cross-clamp (min)

37.0

37.0

>0.05

Duration of anesthesia (min)

135.0

138.4

>0.05

306

294

>0.05

Side of surgery R/L (n)

Extubation time (min)
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respectively suffered from transient ischemic attack/stroke
before and after surgery. No significant differences in the
demographic characteristics and preoperative health status
of the patients were observed between the two groups.
The MAP values between male and female patients and
patients receiving sevoflurane or propofol for maintenance
were similar (p>0.05).
Cerebral Oximetry
Compared with the contralateral (non-clamped) hemisphere,
rScO2 values decreased significantly in the ipsilateral
(clamped) hemisphere in the sevoflurane and propofol groups
during clamping of the carotid artery (p<0.05) and increased
to above-preoperative values after declamping (p<0.05).
Although a significant decrease in rScO2 was observed during
extubation in the sevoflurane group, the rScO2 values of the
ipsilateral hemisphere were generally similar between the
sevoflurane and propofol groups in all measurements (p<0.05;
Figure 2).
When the patients were grouped as male and female, significant
differences in rScO2 values in the ipsilateral hemisphere during
cross-clamping were observed between male and female
patients in the propofol group. Female patients showed
significantly lower rScO2 values compared with male patients
during clamping of the carotid artery (p<0.05; Figure 3).
No patient required intraoperative shunting.
█

DISCUSSION

The human brain consumes large amounts of oxygen and
is susceptible to ischemia/hypoxia (6). Ischemia of the brain
leads to the release of excitatory amino acids, resulting in
receptor activation, followed by metabolic dysfunction and
oxidative stress (39). Thus, global or focal brain ischemia may

lead to a large variety of neurological injuries, manifesting in
several forms ranging from a short-term decline in cognitive
function to persistent physical dysfunction or even death. CAE
is effective in preventing stroke in patients with symptomatic
carotid stenosis but is not without its complications. Carotid
clamping, for example may lead to ischemia on the brain’s
ipsilateral side if the contralateral flow is unable to compensate
for the lack of blood flow (31,34).
Debris from atherosclerotic plaques can result in a distal
stroke. The incidence of perioperative stroke during CEA is
2.3% (3). Detecting perioperative ischemia promptly and
protecting the brain during the ischemic insult are of great
importance. Cerebral oximetry is non-invasive, continuous,
and easy to interpret. NIRS presents some limitations. For
instance, NIRS only reflects oxygen saturation in the brain’s
focal areas, and large inter-individual differences due to
extracranial blood flow, including the scalp, arterial oxygen
saturation, and hemoglobin concentration, may be obtained.
Although these limitations hinder the assessment of rScO2
data as an absolute value, continuous monitoring of rScO2
changes during CEA surgery can detect ischemia. No
consensus on an optimal cut-off value for rScO2 has yet been
achieved, but cerebral perfusion reduction is well correlated
with postoperative neurologic deficits (7,31,32,34,35). Earlier
studies considered a relative decrease of 11.7%–25% in
rScO2 value as a significant reduction in cerebral oxygenation
(22,37). Yu et al. determined the cut-off value of change in
rScO2 for predicting the need for intervention during CAE to
be 16%. The sensitivity and specificity of rScO2 were 70.8%
and 91.1%, respectively (37). In practice, a decrease in rScO2
of greater than 20% is considered a clinically critical decrease
and indication for shunt placement (31).
The present work presents a real-life retrospective
observational study. RCTs offer advantages in evidence
generation as controlled standard methods such as

Figure 2: Comparison of the
rScO2 values of the clamped
(ipsilateral) and non-clamped
(contralateral) hemispheres of
patients receiving sevoflurane
(SEVO; broken black line)
or propofol (TIVA; grey line)
during and after carotid
endarterectomy. Triangle:
clamped (C), square: nonclamped (NC). Data are
presented as mean ± SEM,
*p<0.05 compared with clamped
hemispheres, p<0.05 compared
with the SEVO group.
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Figure 3: Comparison of the
rScO2 values of the clamped
(ipsilateral) carotid artery of male
(dotted line) and female (straight
line) patients during and after
carotid endarterectomy. Data
are presented as mean ± SE.
Square: sevoflurane group
(SEVO), circle: propofol (TIVA)
group. *p<0.05 compared
with female patients, p<0.05
compared with the SEVO group.

randomization and blinding to reduce bias, and demonstrate
efficacy against active and placebo controls. However, RCTs
may not accurately reveal real-world data because the clinical
circumstances under which patients are treated are often
different from those in controlled conditions; thus, real-life
observational studies are necessary to provide additional
information on the safety and effectiveness of a medication
or technique (1,17). Previous RCTs comparing the effects of
propofol and sevoflurane anesthesia among non-vascular
surgery patients suggested that sevoflurane is better than
propofol for maintaining cerebral oxygen balance (12,20). In
contrast to these studies, Park et al. showed that propofol–
remifentanil anesthesia is comparable with sevoflurane–
remifentanil anesthesia in preserving cerebral oxygen balance
in patients undergoing carotid endarterectomy with carotid
cross-clamping, as assessed by NIRS (30). Our results
support the findings of Park et al. and revealed a statistically
significant difference in cerebral oximetry values between
male and female patients receiving propofol anesthesia during
cross-clamping of the carotid artery.
As expected, rScO2 levels in the present study increased
during induction and endotracheal intubation with 100%
oxygen, returned to normal with 50% oxygen while preparing
for carotid artery clamping, and increased once more when
oxygen was increased to 100% before the cross-clamp.
The mean rScO2 was similar between the ipsilateral and
contralateral hemispheres from induction until carotid artery
clamping. Similar to earlier results, the decrease in mean rScO2
noted in the present work was significantly different between
the two hemispheres (18,30). rScO2 values were significantly
lower in the sevoflurane group than in the propofol group
before extubation in the ICU and in female patients than in
male patients in the propofol group during cross-clamping.
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While our results are consistent with the expected reduction in
unilateral blood flow during and after cross-clamping in both
groups, no patient experienced a decrease of over 20% in
rScO2, indicating sufficient collateral flow.
Our results show significantly lower oxygenation in the clamped
hemisphere during the ischemic period in female patients
receiving propofol anesthesia compared with that of males in
the same group. Previous experimental studies suggested a
difference in microcirculation oxygenation between male and
female patients during ischemia. Kao and Sun used NIRS to
detect gender differences in microcirculation in healthy adults
and found a difference in oxygenation status between males
and females during microcirculation intervention by far-infrared
illumination (FIR) (15). Moreover, the authors’ results showed
a significant increase in hemoglobin oxygen saturation in male
subjects but steady levels in female subjects. The authors
thus argued that, besides hormone-dependent differences
in vascular function between the sexes, the ratio of skeletal
muscle and subcutaneous fat thickness varies according to
sex. Propofol is known to decrease cerebral blood flow and
cerebral perfusion pressure. Kim et al. showed significantly
lower rScO2 values in women receiving propofol than
sevoflurane during gynecological laparoscopic surgery. The
authors thus warned of a possible cerebral desaturation in
women under propofol anesthesia (20).
Aside from differences in microcirculation, previously documented sex-significant differences in the pharmacokinetics
and pharmacodynamics of propofol may be partially responsible for the sex-related difference in cerebral oxygenation
observed during ischemia. Loryan et al. examined the effects
of sex on propofol biotransformation in vivo and in vitro (24),
and their results suggested sexual dimorphism in the metabolic pathways for propofol elimination and biotransformation.
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Our small sample size and study design prevented us from
speculating on the mechanisms behind the difference we
observed between the two sexes during cross-clamping
and the decrease in oxygenation during extubation between
patients receiving propofol anesthesia and those receiving
sevoflurane. Therefore, further studies with larger cohorts are
warranted to verify our findings.
Emergence agitation is occasionally seen during sevoflurane
anesthesia in adults and children (33). Emergence agitation
may explain the lower saturation observed before extubation in
the sevoflurane group. Changing from sevoflurane to propofol
during anesthesia maintenance may reduce the incidence of
emergence agitation (36).
Earlier experimental and clinical studies focused on the possible
neuroprotective effect of anesthetic preconditioning during
cardiac and vascular surgery (4,13,14,27). Sevoflurane has
an intrinsic dose-dependent cerebral vasodilatory effect and
protects in the brain by reducing CMRO2 (21,26). The carbon
dioxide response and cerebral blood flow autoregulation
are well maintained during sevoflurane anesthesia (28). The
efficacy of propofol in neuroprotection appears to be similar
to that of barbiturates (40). Propofol reduces CMRO2 by
inhibiting synaptic activity (5). Anesthetic-mediated cerebral
protection is efficient only if the anesthetic drug is present at
the time of ischemia and more noticeable in focal ischemia
than in global ischemia (40). Besides anesthesia, blood
pressure, maintenance of normocarbia, and good control of
hemodynamic conditions are essential to achieve a favorable
outcome in CEA.
Several limitations of this study must be considered. The
present study was retrospective by design and included a
relatively small number of patients. Nevertheless, evidence
from our study can help extrapolate the data obtained in RCTs
to real-life settings.
█

CONCLUSION

In this study, we hypothesized that a significant difference
in rScO2 would be observed between the two groups if
sevoflurane or propofol promotes cerebral blood flow or
reduced oxygen consumption in the ipsilateral brain during
and after cross-clamping. Our results indicate that the NIRS
monitor does not show significant differences in cerebral
oxygenation during and after cross-clamping in patients
undergoing CEA with sevoflurane or propofol anesthesia.
The sex-related difference in cerebral oxygenation observed
between patients receiving sevoflurane and propofol during
the carotid cross-clamping period, as well as the decreased
cerebral oxygenation of patients receiving sevoflurane in the
ICU during extubation, warrants further study.
█
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