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Abstract

Introduction: Contamination of operating theaters with the waste anesthetic gases
(WAGs) is unavoidable. Halogenated anesthetics namely halothane, isoflurane,
desflurane, and sevoflurane are the major constituents of WAGs. Medical personnel are
exposed to lower WAGs concentrations than patients, yet their extended exposure over
years magnifies the risk of WAGs-associated toxicity. Aim of Work: To investigate
the possible toxic effects of exposure to the halogenated inhalational anesthetics on
the general health, liver functions, oxidative parameters, and cognitive functions of
occupationally exposed personnel, and to study the effect of exposure duration / years
on such effects. Materials and Methods: The current study was conducted on 56
healthcare workers (HCW) (28 exposed and 28 non-exposed) who were subjected to
a questionnaire, medical examination, liver function tests, oxidative stress analysis,
and Montreal Cognitive Assessment (MOCA). Results: Clinical evaluation of both
groups revealed a statistically significant increase in the frequency of headache,
dizziness, and fatigue among the exposed group compared to the non-exposed. Also, a
significant elevation in the mean values of aspartate aminotransferase (AST), alkaline
phosphatase (ALP), total bilirubin, and malondialdehyde (MDA) levels, along with
reduction in the total antioxidant capacity (TAC), attention, language, delayed recall,
and total MOCA score were noticed among the exposed group compared to the non-
exposed. A statistically significant positive correlation was found between the duration
of exposure / years and levels of ALP, bilirubin, and MDA in serum, while a statistically
significant negative correlation was detected between the exposure duration / years
and TAC and total MOCA score as well, among the exposed group. Conclusion and
Recommendations: Occupational exposure to inhalation halogenated anesthetics is
associated with adverse health effects like headache, dizziness, fatigue, altered hepatic
functions, impaired redox balance, and disturbed cognitive functions. In addition,
exposure duration / years positively correlates with the hepatic dysfunction and lipid
peroxidation and negatively with the TAC and total MOCA score in the occupationally
exposed personnel. A central high-flow scavenging system and low leakage anesthesia
machines are strongly required in all the operating theaters.

Key words: Halogenated anesthetics, Oxidative stress, Liver functions, Cognitive
functions, Waste anesthetic gases (WAGs) and Exposure duration.
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Introduction

Waste anesthetic gases (WAGs) are
the halogenated anesthetics (halothane,
isoflurane, desflurane, sevoflurane),
and nitrous oxide (N20) leaked from
the systems in operating rooms or
exhaled by patients in the recovery
units. Consequently, healthcare workers
(HCWs), especially anesthesiologists
and nurses, are inevitably exposed
to WAGSs in each operation using the
inhaled anesthetics (Gaya da Costa
et al.,, 2021). Although exposure to
such gases seems to be much lower
among HCW than patient, it usually
extends over years increasing the risk
of health hazards in medical personnel
(Al-Ashour et al., 2014). According to
OSHA, more than 200,000 HCWs are
potentially prone to WAGs in operating
theaters, recovery rooms, as well as
dental and veterinary clinics (OSHA,
2010).

In order to minimize the negative
health hazards on occupationally
exposed workers, the USA National
Institute for Occupational Safety
and Health (NIOSH) has settled the
maximum 8-h time-weighted average
of N20O concentration at 25 ppm and
less than 2 ppm for all the halogenated

anesthetics if used alone, or below

0.5 ppm when combined with N20O
(NIOSH, 1977).

Healthcare
to inhalational anesthetics,

workers,  exposed
usually
experience wide variety of adverse
health effects like headache, anxiety,
loss of appetite, impaired memory,
altered intellectual functions
(Ozer et al., 2006). Furthermore, some

halogenated anesthetics

and

have been
linked to the neurotoxic, nephrotoxic,
hepatotoxic, and carcinogenic effects, as
well as the impaired fertility among the
exposed workers (Borayek et al., 2018).
Although the underlying mechanism is
not certainly clarified, some researchers
ascribed these effects to the oxidative
stress mechanism (Malekirad et al.,
2005).

Halogenated  anesthetics are
metabolized in the liver via a metabolic
pathway entailing cytochrome P-450
2E1 (CYP2E1), with production of
toxic trifluoroacetylated metabolite
(Siha et al.,, 2019). The severity of
hepatotoxicity positively correlates
with the degree of hepatic metabolism
and the toxic metabolite production.
One third of halothane is fully
metabolizes in the liver with the highest
incidence of hepatic toxicity, while a

considerably less common incidence of
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hepatotoxicity has been reported with
sevoflurane, desflurane, and isoflurane
due to limited hepatic metabolism
(Safari et al., 2014).

The fluoride containing halogenated
anesthetics; sevoflurane, desflurane, and
isoflurane produce inorganic fluoride
during metabolism (Lin et al. 2013).
Over a long time of exposure, fluoride
causes fat deposition in liver, disturbs
protein expression, enhances oxidative
damage, induces vacuolization and
necrosis of hepatic cells, and finally
impairs liver functions (Emara et al.,

2020).

Results of epidemiological studies
remain controversial. Although the
extended exposure to low concentrations
of WAGs has been connected to the
different health hazards in HCW, some
investigators still deny the relationship
between the inhalational anesthetics
and the development of adverse effects
(Ebrahem and Shaltout, 2021).

Aim of Work

To investigate the possible toxic
effects of exposure to the halogenated
inhalational anesthetics on the general
health,
parameters, and cognitive functions of

liver function, oxidative
occupationally exposed personnel, and

to study the effect of exposure duration

/ years on such effects.
Material and Methods

-Study design: It is a comparative
cross-sectional study.

-Place and duration of the study:
The study took place in operating
theaters at Zagazig University Hospital;
from 1st December 2021 to end of
March 2022.

-Study sample:

Sample size: The sample size was
calculated using Open Epi according to
the mean of Aspartate aminotransferase
(AST) among the non-exposed group
(15.6£6 U/L) and the exposed group
(11.844 U/L) (Prokes et al, 2009). So,
at power of study 80% and CI 95%,
the sample size was calculated to be
56 subjects (28 exposed and 28 non-
exposed).

-Sample selection: was done using
systematic random sample technique.
The study population included two
groups:

1-Exposed group with Inclusion
criteria as follows: workers
(anesthesiologists and nurses) who had
been working for 6 h/day for 6 days/
week, over duration of 2 years or more
in the operating theaters and recovery
rooms. Exclusion criteria: workers
of less than two years of exposure,
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cardiac, hepatic, and renal diseases,
neurodegenerative disorder, psychiatric
disorders, surgery within the last 6
months, hypertension, diabetes, drug
dependence, malignant tumors, and
those who refuse to participate in the
study.

2-Non-exposed Non-
exposed subjects (doctors and nurses)

group:

were obtained from the outpatient
clinics with no history of occupational
exposure to anesthetic agents.

Study methods:

1-Questionnaire: All participants
were subjected to a questionnaire
including socio-demographic
characteristics (age,
special habits as smoking)
occupational  history  (types  of
anesthetics to which they are exposed,
duration of exposure /hours/days/

years).

marital status,

and

2- Clinical assessment: including
medical, neurological, and psychiatric
examination.

3- Investigations

of blood
blood was

Collection samples:

venous collected from
the studied group and transferred to
the laboratory in special containers.
Samples were centrifuged (4500% g, 5

min) immediately after they were drawn

to separate serum, and then frozen at
—20 °C for the subsequent analyses of:

A- Liver function tests: Aspartate

aminotransferase ~ (AST),  alanine
aminotransferase ~ (ALT), alkaline
phosphatase (ALP), and total bilirubin
were determined using kits of

Biodiagnostic (Giza, Egypt) following
the instructions of the manufacturer.

B- Oxidative stress indices in serum:
the lipid peroxidation marker (MDA)
was measured according to Ohkawaetal.
(1979) method and the total antioxidant
(TAC)
according to the spectrophotometric
method of Koracevic et al. (2001).
Kits were obtained from Biodiagnostic
(Giza, Egypt)

capacity was  determined

4- The Montreal Cognitive
Assessment (MOCA): evaluates
multiple  domains of  cognitive

functioning, a cutoff score of 26
was used (25 or below indicating
impairment) (Nasreddine et al., 2005).

Consent

All subjects were fully informed
about the nature and objectives of this
study and a written informed consent was
taken from all the included subjects. All
data were kept confidential and used only
for the research purpose and no harm or
risk was encountered for any of them.
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Ethical Approval

This study was carried out within
the ethics of The Scientific Ethical
Committee of Faculty of Medicine,
(Institutional

Zagazig  University

Review Board).
Data Management

Data  were analyzed using
Statistical Package of Social Science
(SPSS), software version 27.0 (SPSS
Inc, 2020) (SPSS for windows, version

27.0. Chicago, SPSS Inc). Quantitative

variables are reported as Means and SD,
an independent t test and Mann Whitney
test used for comparing two groups.
Qualitative data were represented as
frequencies and percentages, Chi-
square test (y?) and fisher exact test
were used for comparing groups.
Pearson’s  correlation  coefficient
used for finding correlation between
quantitative variables. The test results
significant

p-value <0.05 and highly significant if

were considered when

p <0.001. All p values were two-tailed.

Results

The study was conducted on 56 healthcare workers (29 doctors and 27 nurses)
with mean age of 35.6 &+ 6.12 years and sex distribution 20 females (35.7%) and 36

males (64.3%).
Table (1): Socio-demographic data of the studied groups.
'Variables fl;li(]:zo;est)l N(;;_(fil;‘;:)ed Test
Age: Range 26 -45 27-43 t p
Mean + SD 36.1+ 6.46 353+£5.94 0.47 0.64
Duration of work (years): Range 2-20 2-18 MW
Median 13 12 139 0.17
Mean + SD 15.6 £ 7.94 14.5 £ 6.54 ) )
Sex: Male No (%) 19 (67.9%) 17 (60.7%) 1
Female No (%) 9 (32.1%) 11 (39.3%) 0.31 0.58
Marital state: Married No (%) 18 (64.3%) 15 (53.6%) v
Non married No (%) 10 (35.7%) 13 (46.4%) 0.66 0.42
Smoking: NO No (%) 20 (71.4%) 21 (75%) v
Yes No (%) 8 (28.6%) 7 (25%) 0.09 0.76
Occupation: Doctor No (%) 15 (53.6%) 14 (50%) v
Nurse No (%) 13 (46.4%) 14 (50%) 0.07 0.79

SD: Standard deviation

t: Independent t test

MW: Mann Whitney test y*: Chi square test

Both exposed and non-exposed groups were matched for age, sex, educational

level, marital status, smoking, and occupation (Table 1).
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Table (2): Health complaints among the studied group.

Exposed Non-exposed
(No =28) (No =28)
Health effects OR
€a Yes NO Yes NO P (95% CI)
No (%) No (%) No (%) No (%)
15 13 7.22
V) 0, %
Headaches 25(89.3%) | 3 (10.7%) (53.6%) (46.4%) 0.003 (1.77-29.55)
12 0.04* 3.45
3 1 V) 0, o
Dizziness 23 (82.1%) | 5(17.9%) | 16 (57.1%) (42.9%) (1.02-11.72)
Memory 22 6 20 8 0.54 1.47
problems (78.6%) (21.4%) (71.4%) (28.6%) ' (0.43-4.97)
Faticue 26 2 19 9 0.02* 6.16
g (92.9%) (17.1%) (67.9%) (32.1%) (1.19-31.82)

Chi square & Fisher exact test OR: Odds ratio *: Statistically significant (p<0.05)

Table 2 showed a statistically significant increase in the frequency of physical
symptoms like headache (OR=7.22), dizziness (OR=3.45) and fatigue (OR=6.16)
among the exposed group compared to the non-exposed .
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Table (3): Liver function tests and oxidative stress markers among the studied

groups.
. Exposed Non-exposed
Variables Mean = SD Mean + SD t P
(No=19) (No=17)
AST (IU/L) | Male 28.09 £6.12 26.54 +5.80 0.78 0.44
(No=9) (No=11)
Female 27.50 +4.82 23.35+3.12 2.33 0.03*
t 0.01 143
0.99 0.17-
(No=19) (No=17)
ALT (IU/L) | Male 22.16 £6.48 20.09 £5.50 1.03 031
(No=9) (No=11)
Female 19.62+6.82 16.74 +4.06 1.17 025
t 0.95 1.73
p 035 0.09
(No=19) (No=17)
ALP (IU/L) | Male 90.55+13.25 70.54+12.08 471 <0.001%*
(No =9) (No =11)
Female 03 44+14.82 70.33+13.51 3.65 0.002*
t 051 0.04
b 0.61 0.97
- (No=19) (No=17)
(lezld:’)‘l““b‘“ Male 0.74+0.24 0.58+0.18 2.24 0.03*
(No=9) (No=11)
Female 0.73+0.23 0.55+0.15 211 0.04*
t 0.10 0.41
b 0.92 0.69
(No=28) (No—28)
MDA (mmol /L) 68(.13&1258.)25 57('1(\)14i12 %.)90 3.06 0.003*
0= 0=
TAC (mmol /L) 152.99+33.12 196.95+34.21 4.88 <0.001%*

AST: Aspartate aminotransferase ALT: Alanine aminotransferase
MDA: Malondialdehyde

t: Independent t test

TAC: Total antioxidant capacity
*: Significant (p<0.05)

ALP: Alkaline phosphatase
SD: Standard deviation
**: Highly significant (p<0.001)

Table (3) showed a statistically significant increase in the mean values of AST
levels among females of exposed group compared to the non-exposed one. In
addition, the mean values of both ALP and bilirubin were found to be higher among
the exposed group (male and female) compared to the non-exposed. As regards
the oxidative stress indices, a statistically significant increase in lipid peroxidation
marker (MDA) and reduction in TAC were detected in the exposed group when
compared to the non-exposed one.
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Figure (1): MOCA subscale among the studied groups.
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Comparing MOCA score test results among the exposed and the non-exposed
groups revealed that there was a statistically significant decrease in the mean
values of attention (5.07+0.77 versus 5.61+£0.63), language (2.04+0.43 versus
2.29+0.46) and delayed recall (2.64+0.91 versus3.21£1.03) as well as the total
MOCA score (26.14+1.8 versus 27.75+1.43) among the exposed versus non-
exposed group (Figure 1).
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Table (4): Correlation between exposure duration and laboratory findings and
MOCA score among the exposed group.

Variables Duration of exposure/years

r P
AST 0.24 0.11
ALT 0.22 0.13
ALP 0.46 0.008*
Total bilirubin 0.38 0.02*
MDA 0.39 0.02*
TAC -0.36 0.03*
MOCA score -0.51 0.001*

AST: Aspartate aminotransferase ALT: Alanine aminotransferase ALP: Alkaline phosphatase
MDA: Malondialdehyde TAC: Total antioxidant capacity MOCA score: Montreal Cognitive

Assessment r: Pearson’s correlation coefficient *: Statistically significant (p<0.05)

Table 4 showed a statistically significant positive correlation between the
duration of exposure / years and ALP, bilirubin, and MDA levels and a statistically
significant negative correlation between the duration of exposure / years and TAC
and total MOCA score among the exposed group compared with the non-exposed
one.
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Discussion

When
are administered, minimal amounts
of WAGs are -claborated
environment of operating room. As

inhalation anesthetics

into the

a result, all staff becomes exposed to
the leaked volatile compounds (AL-
Rasheedi et al., 2021). A number of
studies suggested a correlation between
the chronic exposure to WAGs and
the development of systemic toxicity
in medical personnel (Byhahn et al.,
2001).

There was a statistically significant
increase in the frequency of headache,
with non-

dizziness, and fatigue

significant change in the memory
among the exposed studied personnel
compared to the non-exposed ones
(Table 2). This agreed with the results
obtained by Shaker et al. (2011) from
Egypt who revealed a statistically
significant increase in headache and
drowsiness among the exposed group
compared to the control. Also, Aal et
al. (2008) from Egypt and Deng et al.
(2018) from China have reported a
statistically significant increase in the
frequency of symptoms like dizziness,
headache,

decreased concentration, as well as the

irritability, anxiety,

easy fatigability among the operating

room personnel in comparison with the
control. Interestingly, all manifestations
have disappeared after leaving the
workplace (Deng et al., 2018).

As regards liver function tests,
results of the current work demonstrated
of AST, ALP,
total bilirubin in the exposed group

higher levels and
compared to the non-exposed (Table 3).
These results are in line with Emara et
al. (2020) from Egypt and Safari et al.
(2014) from Iran who revealed elevated
hepatic markers (AST, ALT, ALP, GGT)
in subjects with repeated exposure to
halogenated inhalational anesthesia.
Emara et al. (2020) attributed the
hepatotoxicity to the reduced hepatic
blood flow and oxygenation caused by
halogenated anesthetics.

Similarly, by comparing the
operating room personnel exposed to
halothane to the control group working
inabank, there was a significant increase
in AST, ALT, ALP, and total bilirubin
levels among medical personnel
compared to the control group. Hepatic
toxicity and altered liver biochemistry
were linked to the aggressive generation
of free radicals and lipid peroxidation
(Prokes et al., 2009).

Also, the current study findings cope
with the results of Casale et al. (2014)
from Ghana in which occupational
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exposure to low dose of anesthetic
gases has resulted in increased hepatic
parameter such as AST, ALT, GGT,
and total bilirubin among the exposed
workers compared to the non-exposed
ones. Also, a study conducted by
Ebrahem and Shaltout (2021) from
Egypt had revealed a statistically
significant increase in the mean values
of ALT and AST among the exposed
group compared to the control ones.

Halogenated  anesthetics  can
initiate oxidative stress. When reactive
oxygen species (ROS) are created faster
than their elimination, an imbalance of
redox status supervenes (Elgharabawy
et al. 2018). Although ROS play a key
role in maintaining normal cell function
including cell signaling, excess ROS
generation can negatively affect cell
function (AL-Rasheedi et al., 2021).

Concerning the oxidative stress
parameters, there was a statistically
significant increase in malondialdehyde
(MDA) levels and reduction in total
antioxidant capacity (TAC) among
the exposed group compared to the
non-exposed (Table 3). These results
are consistent with the study of
Malekirad et al. (2005) from Iran who
reported a significant increase in lipid
peroxidation marker and reduction in
antioxidant thiol groups in the staff
exposed to halothane and N2O in the
operating rooms for nine years. Also,

Wronska-Nofer et al. (2012) stated that
chronic exposure to anesthesia induces

oxidative damage and diminishes
the antioxidant defense markers.
Furthermore, in Turkish operating

rooms, Tiirkan et al. (2005) indicated
reduced glutathione peroxidase (GPX)
and superoxide dismutase (SOD) levels
among staff exposed to halothane,
isoflurane, desflurane, enflurane, and
sevoflurane.

In order to investigate the effect of
halogenated anesthetics on cognitive
function of HCWs, Montreal Cognitive
Assessment (MOCA) score was applied
to the studied groups. Results revealed
a statistically significant reduction in
attention, language, delayed recall,
and total MOCA score in exposed
subjects (Figure 1). Actually, the
brain represents the prime target of
inhalational anesthetics which work
by magnifying the inhibitory function
or reducing the excitatory transmission
in brain nerve endings (Darkwa et al.,
2017). Diminished synaptic density
and dendritic numbers were noticed in
subjects exposed to subclinical doses of
halothane over a long-time span (Chen
et al., 2022).

The like
memory retrieval, consciousness, and

cognitive  functions

coding are strictly related to the changes
in functional network connections of
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the brain. In healthy volunteers inhaled
2% and 1% sevoflurane, respectively,
decreased brain network correlation
was detected, especially the network
anterior and
and the
secondary parietal cortex (Chen et al.,
2022). Consistently, Ranft et al. (2016)
reported the ability of sevoflurane to

connection between

posterior cingulate gyrus

reduce the connection between the
frontal lobe and thalamic cortex with
impaired cognition functions.

The study of the effect of duration
of exposure/years on the toxic effects of
halogenated anesthetics has indicated
a statistically significant positive
correlation between the exposure
duration and AST, ALP, and bilirubin,
as well as MDA levels on one hand, and
a negative correlation with TAC and
total MOCA score on the other hand,

among the exposed subjects (Table 4).

In support of our results, a highly
significant increase in ALT, AST, and
MDA levels and reduction in antioxidant
enzymes levels has been found in
personnel with more than 10 years
of working experience compared to
personnel who had less than 10 years of
working experience (Jafari et al., 2018).
Likewise, Ebrahem and Shaltout (2021)
reported increased ALT and AST levels

with the increased exposure duration to
halogenated inhalational anesthesia and
the highest values among the group of
more than 20 years of exposure.

Conclusion and Recommendations:

Occupational exposure to
halogenated anesthetics is associated
with adverse health effects like
headache, dizziness, and fatigue,
altered hepatic functions, impaired
redox balance, and disturbed cognitive
function. Exposure duration positively
correlates with altered hepatic function
and lipid peroxidation, and negatively
with the TAC and cognitive score. A
central high-flow scavenging system
and low leakage anesthesia machines
are strongly required in all the operating

theaters.
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