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Abstract

Background Hearing loss and cognitive impairment are postoperative complications which need more awareness
by anaesthesiologists. We set out to investigate whether sevoflurane or propofol would have a negative impact on
auditory function, attention, or auditory memory. This is a prospective randomized controlled study which was con-
ducted on patients who were candidates for elective laparoscopic cholecystectomy under general anesthesia with
either the sevoflurane or the propofol. All included participants were subjected to cognitive and auditory evaluation
preoperative and 1 week after the operation. Cognitive assessment included: Paired Associate Learning test (PALT)
and Paced Auditory Serial Addition Test (PASAT). Audiological assessment was done by measuring the auditory brain-
stem response (ABR).

Results There was no statistically significant difference between both groups in either age (p value=0.537) or sex
(p value=0.175). In the propofol group, the postoperative values of LT ABR-I and Ill were significantly higher than
the preoperative ones (p value <0.001, 0.003), all the postoperative RT ABR waves were significantly higher than the
preoperative ones (P<0.05). In the sevoflurane group, the postoperative values for LTABR-I, Ill, -V were significantly
higher than the preoperative ones with p value (0.012, 0.008 and 0.009) and the postoperative values for RTABR-III,
V, I-1ll, and -V were significantly higher than preoperative values (P=0.041, 0.029, 0.005 and <0.001). There were
no statistically significant differences between the propofol and sevoflurane groups in all waves of ABR on both
sides (P> 0.05). There was a significant worsening between pre- and postoperative PASAT scores in the propofol and
sevoflurane groups, respectively, with p value (< 0.001) with no statistically significant difference between both groups
(p value =0.906). In addition, there was a significant worsening between pre- and postoperative PALT scores in the
propofol group only (p value=0.01) with a statistically significant difference between both groups (p value =0.038).

Conclusions There was a statistically significant postoperative impairment in auditory function and attention follow-
ing both the propofol and sevoflurane anesthesia with no significant difference between the two drugs. Whereas, the
auditory memory was significantly impaired following the propofol only.
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Background

Hearing loss is one of the postoperative complications,
which happens more commonly than most anaesthesi-
ologists expect. Perioperative hearing loss may be uni-
lateral or bilateral, conductive or sensorineural, and
temporary or permanent [1]. Several reports suggested
that some anesthetics such as propofol can cause insta-
bility of hemodynamics due to hypotension which may
occur during the operation with transient vertebrobasilar
hypoperfusion which reduces blood supply to the coch-
lea producing cochlear injury and hearing loss [2]. Trau-
matic, mechanical causes, and cerebrospinal fluid (CSF)
pressure fluctuations were also reported as contributing
factors for perioperative hearing loss [1].

Perioperative hearing loss may be subclinical and may
pass unobserved unless audiometry is performed [1]. The
(ABR) can evaluate the behavioral audiogram shape and
so, it is a very useful method for the assessment of hear-
ing sensitivity. It involves a series of voltage peaks which
occur within the first few milliseconds (ms) after the
auditory stimulus and represent the progressive propa-
gation of neural activity through the ascending auditory
pathway [3]. The use of the propofol was reported to
cause a significant increase in the latencies of ABR waves
III and V and the interpeak intervals I-V and III-V [4].

Postoperative cognitive dysfunction (POCD) is a
well-known complication of anesthetic drugs [5]. Sub-
tle deficiencies in a variety of neurocognitive functions,
including attention, auditory memory, executive func-
tion, visuospatial abstraction, and psychomotor speed are
typical symptoms. POCD can be moderate and only be
identified by psychometric testing, but it can occasionally
have substantial negative effects on functional status and
quality of life [6].

In an international multicenter study [International
Study of POCD (ISPOCD1)], older persons with major
non-cardiac surgery had an incidence of POCD of 25.8%
at 1 week, 9.9% at 3 months and 1% at 1-2 years [7, 8].
While post-operative cognitive dysfunction was reported
to be transient and self-limiting, strong evidence indi-
cated that elderly patients that are three times more
likely to suffer from permanent cognitive impairment or
dementia [9].

The role of neuroinflammation and neurodegeneration
in the pathogenesis of POCD has been implicated by a
substantial and expanding body of evidence, but the find-
ings were not entirely conclusive due to the heterogeneity
of the animal models and human populations studied, as
well as the variability in the clinical assessment tools [10,
11].

General anesthetics such as propofol and sevoflu-
rane are frequently utilized in clinical settings.The inci-
dence of POCD was reported to be significantly higher
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in patients undergoing major surgery under inhalational
anesthesia with sevoflurane in comparison with those
maintained on intravenous propofol [12, 13]. The detri-
mental effects of both sevoflurane and the propofol on
neuronal cell integrity were addressed in multiple animal
studies. Exposure of newborn rat’s brain to sevoflurane
has been shown to induce apoptotic neurodegeneration
[14]. In addition, direct experimental evidence indicated
that the anesthetic dose of the propofol-induced neu-
ronal cell death in the cortex and thalamus of the devel-
oping rat brain [15].

We aimed to evaluate the probable harmful effect of
the propofol versus sevoflurane on attention, auditory
memory and function in patients undergoing laparo-
scopic cholecystectomy before and 1 week postoperative.

Methods

Patients who were candidates for elective laparoscopic
cholecystectomy under general anesthesia partici-
pated in this prospective randomized controlled experi-
ment. Participants were randomly assigned to either
the sevoflurane or propofol groups. We used a closed
opaque envelope technique for randomization. Between
June 2021 and December 2021, the patients who were
included in the study were recruited from Beni-Suef uni-
versity hospital, Beni-Suef University. All of the patients
that were involved provided written informed con-
sent. The Helsinki Declaration of Biomedical Ethics, as
updated, was followed in the study’s design. The research
ethics committee of the faculty of medicine, Beni-Suef
University approved this study with (approval number:
FMBSUREC/12062018). On May 5, 2021, the study’s pro-
tocol was entered on ClinicalTrials.gov. The identifica-
tion number is NCT04874545.

According to the American Society of anesthesiologists
physical status classification system (ASA), we included
in our study ASA I-II patients who were candidates for
elective laparoscopic cholecystectomy from both gen-
ders, aged from 20 to 70 years (ASA-I is defined as nor-
mal healthy patients and ASA-II is defined as patients
with mild systemic disease). These patients were excluded
from our research: patients with conductive or sensori-
neural hearing loss, patients using drugs are known to be
ototoxic or neurotoxic, patients who have experienced
trauma or infection to ears, patients exposed to intraop-
erative major hemodynamic fluctuations, patients with
severe bleeding or postoperative shock, patients who are
allergic to any drug used in the study, patients with neu-
rodegenerative disorders and patients with medical or
metabolic disorders which may affect cognition. Illiterate
patients and pregnant females were also excluded from
the study. A flow diagram is demonstrated in Fig. 1
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Enrollment

Assessed for eligibility (n=108)

Excluded (n=28)
* Not meeting inclusion criteria (n=14)
« Declined to participate (n=9)
« Other reasons (n=5)
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Allocation

A4

A4

Allocated to the Propofol group (n=40)
* Received allocated intervention (n=40)
* Did not receive allocated intervention (n= 0)

Allocated to the Sevoflurane group (n=40)
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» Did not receive allocated intervention (n= 0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

v

Follow-Up
A
Lost to follow-up (n=0)
Discontinued intervention (n=0)
Analysis Analyzed (n=40)

« Excluded from analysis (n=0)

Analyzed (n=40)

* Excluded from analysis (n=0)

Fig. 1 Flow diagram for patient selection

Patients were submitted to clinical assessment com-
prising the patient’s hemodynamics; heart rate, mean
arterial blood pressure, SPO,, and end-tidal CO,. Rou-
tine preoperative biochemical and hematological testing,
along with electrocardiograms were performed for all the
included patients. All included participants were sub-
jected to cognitive and auditory evaluation preoperative
and 1 week after the operation.

Cognitive assessment: included: Paired Associate
Learning test (PALT) and Paced Auditory Serial Addition
Test (PASAT).

(PALT) was used to evaluate auditory—verbal memory
using the idea of semantic cueing. Ten-related pairs were
uttered aloud by the inspector in front of the applicant.
Six of these pairs are semantically related and four are
not, with these pairs containing 6 well-matched semanti-
cally related pairs. The candidate was given the first word
in each pair after 1 min, and was then asked to recall the
second word. Three times were given the test. Correctly
paired incompatible pairs received a score of 1, while cor-
rectly paired compatible pairs received a score of 0.5. The
overall score was between 0 and 21 [16].

(PASAT) was used to evaluate attention and audi-
tory working memory. On an audiotape, a series of 61

single-digit, digits were stated one every 3 s. Each num-
ber had to be added to the one before it, without provid-
ing a running total, and the candidate was to report the
total verbally. The total score, which varies from 0 to 60,
is the accumulation of all right responses [17].
Audiological assessment: Interacoustic Eclipse’s "EP25"
was used to measure brainstem auditory evoked poten-
tials (BAEPs). The ground electrode was placed on the
lower mid-frontal region, the active electrode was placed
on the scalp at the vertex (Fz position of the 10-20 Inter-
national System of electroencephalogram (EEG) elec-
trode placement), and the reference electrodes were
placed on the right (A2) and left (Al) mastoids (Fpz
position). On skin that had been rubbed raw with a
skin-prepping gel, Ag/AgCl electrodes loaded with con-
ductive paste were affixed. There were inter-electrode
impedances of less than 2 k and electrode impedances of
less than 5 k. The candidate was in a calm mood. Using
TDH39 headphones, a click was obtained. At an intensity
of 80 dB HL (hearing loss in decibels), rarefaction polar-
ity click stimuli were provided at a rate of 21.1 stimuli
per second and potentials on average to 1200 clicks. To
guarantee that the waveforms could be replicated, two
recordings were collected. With the use of BAEPs, the
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latencies of waves I, I1I, and V as well as interpeak laten-
cies I-V, I-1II, and III-V (IPLs) were estimated.

Anesthetic technique: A 18 G intravenous cannula was
placed when the patient entered the operation room,
and intravenous (IV) crystalloid fluids were started. For
the purpose of taking preoperative readings, the moni-
tor was linked to the patients. Fentanyl 2 mg/kg, propofol
1.5-2.5 mg/kg, and atracurium 0.5 mg/kg for muscular
relaxation was injected to induce anesthesia. For per-
forming laryngoscopy and endotracheal intubation, an
oral cuffed tube lubricated with 2% lidocaine jelly was
used. Depending on the situation, sevoflurane or propo-
fol was used to maintain anesthesia. The propofol total
intravenous anesthesia (TIVA) 6-12 mg/kg/h and a com-
bination of oxygen and air were used to maintain anes-
thesia in the propofol group (70:30). Sevoflurane 1.5-2%
and a combination of oxygen and air were used to main-
tain anesthesia in the sevoflurane group (70:30). Propofol
and sevoflurane concentrations were altered according to
patient’s vital signs.

Both groups’ ventilation was artificially regulated to
maintain an end-tidal partial pressure of carbon dioxide
between 35 and 45 mmHg. Neostigmine 0.04 mg/kg and
atropine 0.02 mg/kg were administered intravenously
to reverse neuromuscular blockade following surgery.
When the patient reacts to commands, the trachea has
been extubated. The patients were then monitored and
supplied 3—4 L/min of oxygen through a face mask.

The primary endpoint is the occurrence of a signifi-
cant decline in auditory function, attention, and auditory
memory in both the propofol and sevoflurane groups 1
week following surgery.

The secondary endpoint is the occurrence of significant
differences between the propofol and sevoflurane groups
in the postoperative decline in auditory function, atten-
tion, and auditory memory.

Sampling: Based on the outcomes of a pilot study we
conducted before beginning our study, we computed the
sample size. G*Power version 3.1.9.2 software was used
to calculate the sample size. Type I error (a) was 5%,
the effect size was 0.65, non-centrality parameter 1 was
2.842, critical t was 1.992, and df was 74.394. To achieve
a statistical power (1-) 80%, each group needed a total of
forty participants.

Statistical analysis: The data were examined using
IBM SPSS (Statistical Package of Social Science) version
25 ‘IBM SPSS Statistics for Windows, version 25 (IBM
Corp., Armonk, N.Y,, USA). Numbers and percentages
were used to express categorical variables. The median
and interquartile ranges were used to express quanti-
tative factors (IQR). Quantitative data were compared
between groups using the Mann—Whitney test, while cat-
egorical data were compared using the Chi-squared test.
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Table 1 Demographics
sevoflurane groups

of the patients in propofol and

Demographic data Propofol group Sevoflurane group p value

Age [Median (IQR)]  37(8.75) 36 (13.5) 0.537
Sex
Males [n (%)] 26(65%) 20(50%) 0.175
Females [n (%)] 14(35%) 20(50%)

p value >0.05 (non-significant); IQR: inter-quartile range; n: number

Table 2 Intraoperative clinical data of the patients in propofol
and sevoflurane groups

Intraoperative clinical data Propofol group Sevoflurane p value
group

Median BP [Median (IQR)] 85 (30) 86 (40) 0.558

HR [Median (IQR)] 82.5(15) 80 (13) 0456

SPO, [Median (IQR)] 100 (1) 100 (0) 0.305

ET CO, [Median (IQR)] 35(0) 35(0) 0.559

P value >0.05 (non-significant); IQR inter quartile range, BP blood pressure, HR
heart rate, SPO, oxygen saturation, ET CO, end-tidal carbon dioxide

Quantitative data from both the pre- and post-operative
periods in each group were compared using the Wil-
coxon test. Quantitative data from the two groups’ pre-
and post-operative periods were compared using a mixed
ANOVA test. P values lower than 0.05 were regarded
as statistically significant. There were two tails on each
exam.

Results
This prospective randomized controlled trial was con-
ducted on 80 patients who were candidates for elective
laparoscopic cholecystectomy under general anesthesia;
40 patients received the propofol (propofol group), and
40 patients received the sevoflurane (sevoflurane group).

Regarding the demographics of the patients, There was
no statistically significant difference between both groups
in either age (p value=0.537) or sex (p value=0.175)
(Table 1). As regards the intraoperative clinical data of
the patients, There was no statistically significant differ-
ence between both groups regarding the median value
of B/P (p value=0.558), HR (p value=0.456), SPO2 (p
value=0.305), or ETCO, (p value=0.559) (Table 2).

There was a significant difference between pre- and
postoperative PASAT scores in the propofol and sevoflu-
rane groups, respectively, with p value (<0.001) with no
statistically significant difference between both groups (p
value=0.906) (Table 3).

There was a significant difference between pre- and
postoperative PALT scores in the propofol group (p
value=0.01), but there was no significant difference
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Table 3 Pre- and postoperative psychometric tests scores of the
patients in propofol and sevoflurane groups

Psychometric Preoperative Postoperative pvalue pvalue

tests assessment  assessment between
[Median [Median (IQR)] groups
(IQR)]

PASAT

Propofol group  44.5 (11.25) 435 (27) <0.001* 0.906

Sevoflurane 44 (11.5) 41(27) <0.001*

group

PALT

Propofol group  17.5 (4.5) 17(11) 0.01* 0.038*

Sevoflurane 18.5 (3.75) 19(10) 0488

group

" P value <0.05 (significant); PASAT Paced Auditory Serial Addition Test, PALT
Paired Associate Learning test, IQR inter quartile range

between pre- and postoperative PALT scores in the sevo-
flurane group (p value=0.488); moreover, there was a
statistically significant difference between both groups (p
value =0.038) (Table 3).
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In the propofol group, there was a statistically sig-
nificant difference between pre- and postoperative RT
ABR [, 111, V, I-11II, I-V, III-V with p value (0.011, 0.001,
0.004, 0.046, 0.007and 0.019), respectively. In the sevo-
flurane group, there was a statistically significant dif-
ference between pre- and postoperative RT ABR III, V,
I-1I1, III-V with p value (0.041, 0.029, 0.005 and <0.001),
respectively (Table 4).

In the propofol group, there was a statistically signifi-
cant difference between pre- and postoperative LT ABR I,
IIT with p value (<0.001, 0.003), respectively. In the sevo-
flurane group, there was a statistically significant differ-
ence between pre- and postoperative LT ABR I, I1I, III-V
with p value (0.012, 0.008 and 0.009), respectively. Finally,
there were no statistically significant differences between
the propofol and sevoflurane groups in all waves of ABR
in both sides p value >0.05).

Discussion

This study was conducted to detect the possible delete-
rious effect of propofol versus sevoflurane on auditory
function, attention and auditory memory. A total of 80

Table 4 Pre- and postoperative ABR of the patients in propofol and sevoflurane groups

ABR Preoperative assessment Postoperative assessment p value p value
[Median (IQR)] [Median (IQR)] between
groups
Right ABR Propofol group 1.515(0.35) 1.6 (0.66) 0.011* 0.582
Sevoflurane group 1435 (0.47) 1.565 (0.78) 0.058
1l Propofol group 3.53(0.39) 3.635(0.77) 0.001* 0358
Sevoflurane group 3.6 (0.36) 3.725(1.4) 0.041*
Y Propofol group 5.53(0.33) 5.73(147) 0.004* 0313
Sevoflurane group 5.635(0.38) 5.685 (0.82) 0.029*
[l Propofol group 2.13(0.20) 2.235(1.4) 0.046* 0.161
Sevoflurane group 2.1(0.27) 2.225(1.4) 0.005*
Y% Propofol group 4(0.38) 4.215(1.8) 0.007* 0.822
Sevoflurane group 4(0.27) 412 (2.53) 0.052
1% Propofol group 1.965 (0.24) 2(14) 0.019*% 0.897
Sevoflurane group 1.93(0.24) 213 (2.6) <0.001
Left ABR Propofol group 1.4 (0.19) 1.515(0.73) <0.001 0.395
Sevoflurane group 147 (0.12) 1.53(0.8) 0.012*
Ml Propofol group 3.57(0.18) 3.67(2.13) 0.003* 037
Sevoflurane group 3.5(0.25) 3.645(2.3) 0.008*
V Propofol group 5.47 (0.35) 5.6 (0.93) 0.052 0.532
Sevoflurane group 5.5(0.34) 5.585 (0.85) 0.152
|-l Propofol group 2.2(0.26) 2.115(1.27) 0.387 0.885
Sevoflurane group 2.095 (0.18) 2.13(1.53) 0.132
% Propofol group 4.165 (0.44) 4.115(1.14) 0.554 0.597
Sevoflurane group 3.915(042) 4(1.33) 0.388
-V Propofol group 1.87 (0.34) 207 (1) 0.116 0.593
Sevoflurane group 1.9(0.36) 2.005 (2.87) 0.009*

" Pvalue <0.05 (significant); ABR Auditory brain stem response, IQR inter quartile range
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patients were enrolled in this study (n =40 in each group).
Our results revealed that there was a significant delay in
the latency of most of the waves of postoperative ABR
than preoperative assessment for both the propofol and
sevoflurane groups separately with no significant differ-
ence between the two drugs regarding ABR parameters.

Similar findings were obtained by Mun and Cho who
reported that propofol can cause transient vertebrobasi-
lar hypoperfusion-producing cochlear injury resulting
in hearing loss [2]. Propofol increases cerebral vascu-
lar resistance by 50% and decreases systolic blood pres-
sure by 20-30% [18]. It was also reported to change the
evoked otoacoustic emissions (OAE) thresholds [19]. In
contrast, Gungor and colleagues reported that transient
evoked otoacoustic emissions (TEOAE) were not signifi-
cantly affected after propofol [20].

A drop in ABR wave I amplitude, a marker for ribbon-
synapse functionality, was found in mice whose hearing
had been reportedly impaired by sevoflurane exposure.
Sevoflurane exposure did not appear to harm hair cells,
but it did produce a drop in cochlear ribbon synapses
in children at postnatal day 15 and a partial recovery
at postnatal day 30. This was explained by the cochlear
explants’ higher mitochondrial reactive oxygen species
stress and decreased autophagy [21]. However, sevoflu-
rane, described by other authors to be safe in terms of
ototoxicity, (TEOAE) were not significantly changed after
sevoflurane, but propofol, while having a similar effect
on blood pressure to sevoflurane, has less of a protective
effect on inner ear microcirculation. They also noticed
that sevoflurane has a hypotensive effect without chang-
ing cochlear blood flow [22]. The decline of hearing func-
tion could also be explained by that anesthetic agents can
cause the dysfunction of the eustachian tube cilia and
resultant hearing dysfuction. Previous studies reported
that ear volume and ear pressure to increased on tympa-
nography after the induction of general anaesthesia [1].

Changes in middle ear pressure (MEP) could affect
auditory function measurements besides agents’ direct
pharmacological effects on cochlear micromechanics and
hemodynamics. Both the tympanic membrane and the
conducting tissues can be damaged by abrupt changes in
MEDP. The round window may burst as a result of exces-
sive MEP, seriously impairing hearing. Furthermore,
middle ear injuries were caused by rapid transmission of
high pressure through the Eustachian tube during intense
mask ventilation [23].

Sevoflurane was reported increased MEP. Therefore,
the propofol may be used in middle ear operations more
safely than sevoflurane [24].

In addition, according to a number of reports, the
cause of sensorineural hearing loss (SNHL) follow-
ing general anesthesia during non bypass surgery is the
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microembolic phenomenon. Hearing impairment by
microembolisms, which can cause ischemia of the stria
vascularis and hair cells, has often been linked to unilat-
eral hearing loss. In addition, cholecystectomy may lib-
erate microemboli that obstruct the cochlear division of
the internal auditory artery and cause hearing loss [25]
and this may support our results that there was no sig-
nificant difference in postoperative hearing impairment
in either the propofol or sevoflurane.

Furthermore, medication used during anesthesia may
either worsen the ototoxic effects of drugs administered
prior to anesthesia or induce ototoxicity themselves' [26]

And so our findings in postoperative hearing impair-
ment after anesthesia with either the propofol or sevoflu-
rane can be explained by vascular pathology, changes in
MEDP, embolism, or ototoxic drugs.

The anesthesiologist can actively participate in prevent-
ing or limiting drug-induced hearing deficits by being
aware of patients who are at high risk for developing
ototoxicity, such as those with impaired renal function,
those with preexisting ototoxic drug serum levels, those
with preexisting SNHL, and those who could receive a
synergistic combination of ototoxic drugs [25].

Early detection of ototoxicity can be important to the
anesthesiologist. Audiometry is the best tool for early
detection of drug-induced ototoxic effects on the coch-
lea. The prognosis for recovery depends on a number of
variables, including patient age, the presence of vertigo
at onset, degree of hearing loss, audiometric configura-
tion, and the interval between the loss’s occurrence and
treatment [27]. Within 7 days of the onset of symptoms,
prompt therapy is linked to a positive prognosis and
hearing improvement in 49-79% of patients. The greatest
improvement in hearing usually occurs during the first
2 weeks with little benefit after 4—6 weeks [25].

The choice of general anesthetic medications and their
relationship to the occurrence of POCD is still debatable
issues. In the present study, there was a statistically sig-
nificant postoperative impairment in attention (assessed
by PASAT) following both the propofol and sevoflurane
anesthesia with no significant difference between the
two drugs. Whereas, the auditory memory (assessed by
PALT) was significantly impaired following the propofol
but not sevoflurane anesthesia.

Sun and colleagues observed that sevoflurane has a
shorter half-life and is rapidly excreted, whereas propo-
fol has a more noticeable negative effect on postop-
erative cognitive function. Laboratory research also
demonstrated that pretreatment with sevoflurane at high
concentrations could successfully protect against focal
cerebral ischemia in rats, lowering neurological impair-
ment scores, cerebral infarction volume, and cerebral
edema regions, and that sevoflurane may have a more
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subtle impact on elderly patients’ cognitive function due
to the up-regulation of the expression levels of NR1 and
NR2 subunits of hippocampal N-methyl-D-aspartate
receptors [28]. Schoen and colleagues also discovered
that, despite having similar pre- and intraoperative risk
profiles, patients who underwent sevoflurane-based anes-
thetic performed better in four independent cognitive
assessments than those who underwent propofol-based
anesthesia. This finding implies that sevoflurane has neu-
roprotective effects [29]. In addition, a prior study found
that sevoflurane had no significant impact on cerebral
blood flow as measured by transcranial Doppler sonog-
raphy when compared to propofol, indicates the safety of
sevoflurane [30]. These findings reflect our results that,
in contrast to the propofol group, the sevoflurane group
did not experience postoperative impairment in audi-
tory—verbal memory as measured by PALT. Neverthe-
less, sevoflurane was found to have a stronger negative
effect on cognitive function than the propofol, according
to Tang and colleagues who explained that in the absence
of a particular ongoing inflammatory process (which acts
via lipopolysaccharide [LPS] activation), propofol and
sevoflurane have both been shown to only slightly alter
the production of cytokines in resting microglia. How-
ever, sevoflurane allowed the LPS response to continue
unabatedly, while propofol demonstrated dramatically
diminished anti-inflammatory effects once these micro-
glia were activated by LPS stimulation. Given that sevo-
flurane anesthesia can worsen the degree of impairment
in patients with mild cognitive impairment (MCI), this
finding suggests that propofol may be a preferable gen-
eral anesthetic in terms of minimizing the neuroinflam-
matory response [31].

In animal experiments, inhaled anesthetics were found
to increase amyloid b oligomerization and cytotoxicity in
phenochromocytoma cells. Propofol, on the other hand,
significantly increased amyloid b oligomerization at very
high doses and may mitigate sevoflurane-induced cyto-
toxicity. As a result, it has been claimed that sevoflurane
may increase the neuropathogenesis of Alzheimer’s dis-
ease. Furthermore, following 2 years of follow-up, sevo-
flurane may increase the advancement of amnestic MCI
in older patients [32]. High concentrations of sevoflu-
rane were found to induce serious cognitive dysfunction
through changing the integrity of the blood-brain bar-
rier (BBB) and increasing an intracerebral oxidative stress
response [33]. In addition, a previous study discovered
that the incidence of POCD was considerably reduced in
the propofol group over the sevoflurane group at D1 and
D3. Plasma concentrations of S-100p and AP1-40 were
considerably higher in the propofol group at T1(after
extubation) and T2(1 h), but not at T3 (24 h) [34] Iso-
flurane and sevoflurane have been shown to increase AP
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oligomerization, raise Ap levels, and amplify AB-induced
cytotoxicity. Propofol, on the other hand, has a lower
effect on AP and can even reduce isoflurane-induced cas-
pase-3 activation [35].

Guo and colleagues discovered in another trial that
there was no appreciable difference in the incidence
of POCD in elderly patients undergoing sevoflurane-
or propofol-based general anesthesia which can be
explained by the fact that prolonged sevoflurane and
propofol exposure causes neurodegeneration and apop-
tosis in the developing rats’ brains [36, 37]. In addition,
Erdem and colleagues noted that both sevoflurane and
propofol-based anesthesia had high levels of the neuro-
degenerative markers S100 and neuron-specific enolase
(NSE), which indicate severe neuronal damage [38].

Sevoflurane and propofol were also known to stimulate
GABAA receptors, raise intracellular calcium, and cause
turbulences in mitochondrial membrane potential, which
result in neuronal dysfunction and death. These effects
also increase the production of reactive oxygen species
(ROS), which worsens ischemic brain damage. Therefore,
avoidance of excessive hyperoxic ventilation or adminis-
tration of antioxidants, while under anesthesia may pro-
tect against anesthetic neurotoxicity [39]

In a different study, the incidence of POCD was eval-
uated in patients who received either sevoflurane or
propofol for maintaining anaesthesia during total hip
replacement surgery after receiving a spinal anaesthia.
A neuropsychological test battery was used to evalu-
ate POCD postoperatively at day 7, 3 months, and 12
months. They discovered no statistically significant dif-
ference between sevoflurane and propofol in terms of the
occurrence of POCD at any timepoint [40].

It must be noted that Terri and colleagues showed that
POCD can develop in adult patients of any age following
non-cardiac surgery. One thousand sixty-four patients,
aged 18 or older and classified as young (18-39), mid-
dle-aged (40-59), or elderly (60 years or older), partici-
pated in their study. The findings showed that POCD was
present at hospital discharge in 117 (36.6%) young, 112
(30.4%) middle-aged, and 138 (41.4%) elderly patients,
but being older was a risk factor for POCD 3 months fol-
lowing surgery independently of other factors [41].

One of the most significant factors that affect POCD
is advanced age, since it is frequently accompanied by
alterations in (BBB) permeability brought on by chronic
inflammatory processes, which are a part of the pathol-
ogy of POCD. Increased (BBB) permeability adds to
the load of chemicals, infections, and inflammation
entering the brain, which speeds up neurodegenerative
processes and reduces brain reserve, making the brain
more vulnerable to POCD [42]. In addition, as people
age, their ability to eliminate medicines from the body
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declines, which increases the risk of neurodegenerative
diseases when such chemicals enter the brain [43].

To avoid the advanced age contributor to POCD, we
kept the median age of our trial participants at 36 for
the sevoflurane group and 37 for the propofol group at
37 years.

Conclusions

This study was conducted to detect the possible harm-
ful effect of the propofol versus sevoflurane on audi-
tory and cognitive functions (attention and auditory
memory) which were assessed for the included patients
before and 1 week after the operation.

There was a statistically significant postoperative
impairment in auditory function and attention fol-
lowing both the propofol and sevoflurane anesthesia
with no significant difference between the two drugs.
Whereas, auditory memory was significantly impaired
following the propofol only. This study is regarded as
the first to explore the effect of propofol versus sevo-
flurane anesthesia on attention, auditory memory, and
auditory function. This study, however, had certain
drawbacks. First, there is the brief follow-up time. Sec-
ond, we only assessed attention and auditory memory
and did not test the other cognitive domains. Third, we
did not investigate the effect of anesthesia intensity or
duration on ABR alterations and cognitive functions.
The anesthesiologist must have a better awareness of
the incidence, etiology, and prognosis of perioperative
hearing loss and POCD.

Abbreviations

ABR Auditory brain stem response
TIVA Total intravenous anesthesia
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ASA American society of anesthesiologists physical status classification
system

EEG Electroencephalogram

dBHL Hearing loss in decibels

SPSS Statistical Package of Social Science

IQR Inter quartile range

SNHL Sensorineural hearing loss

CSF Cerebrospinal fluid

TEOAE Transient evoked otoacoustic emissions

MEP Middle ear pressure
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