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ABSTRACT

Exposure to anesthetic gases, particularly halogenated agents, can result in
health hazards on operating room personnel especially anesthesiologists. This study
aimed to evaluate the effect of duration of exposure to anesthetic gases on the liver
and kidney functions of anesthesiologists. 80 blood donors participated in the study;
20 healthy unexposed office workers (control group), and 60 exposed
anesthesiologists. Exposed subjects were divided into 3 groups; group I was exposed
to anesthetic gases for < 10 years, group II was exposed to anesthetic gases for 10-20
years, while group III has >20 years of exposure. During work, all exposed subjects
were exposed to a complex mixture of anesthetic agents. The most commonly used
anesthetics were halothane and Isoflurane. Venous blood samples were drawn from
each subject into tubes without the addition of an anticoagulant. Aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), total bilirubin (TB), Albumin, Total protein, Blood Urea Nitrogen (BUN),
creatinine (Cr) were analyzed. ALT and AST showed a significant difference
between groups while their values were within normal ranges. Concerning the kidney
function tests among anesthetists exposed to anesthetic agents, BUN and creatinine
levels were within normal range without significant difference between groups. In
conclusion, the current study showed that anesthesiologists were more at risk to
develop health hazards related to exposure to waste anesthetic gases.

Introduction -

Contamination of operating rooms

Chronic exposure to WAGs can lead
to health hazards and more than 200,000
health professionals are at risk of

with anesthetic gases is unavoidable due to
the probability of leakage from anesthesia
systems and the release of waste anesthetic
gases (WAGs) through patients’ expiration.
Halogenated anesthetics, including halothane,
1soflurane, desflurane, sevoflurane, and
nitrous oxide (N20) are the main constituents
of WAGs (Odette, 2018).
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occupational diseases because of WAGs
According to records of the American
Occupational Safety and Health
Administration (OSHA). Because it is a
public health matter, knowledge of these
risks and adoption of regulations that reduce
ambient air pollution in the operating room to
minimum levels are critical issues (Lucio et
al., 2018).

Long-term exposure to anesthetic
gases, particularly halogenated agents, can
result in  neurotoxicity,  genotoxicity,
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congenital malformations, as well as liver and
kidney damage (Jafari et al., 2018).

The results of epidemiological studies
as regard exposure to anesthetic agents are
still controversial. Some investigators believe
there is no causal relationship between
exposure to trace concentrations of
inhalational anesthetic gases and the probable
development of health hazards (McGregor,
2000). However, some other researchers have
reported that long-term occupational exposure
to low levels of these gases has adverse
effects on the health of operating room
personnel (Casale et al., 2014).

The study aimed to evaluate the effect
of duration of exposure to anesthetic gases on
the liver and kidney functions of
anesthesiologists.

Patients and Methods:

The current study is a cross- sectional
study that was conducted after obtaining
ethical approval from the ethical committee,
Faulty of Medicine, Assuit University (code
no. 17300579). All participants received
detailed information concerning the aims of
this research work, and informed consent was
obtained from each of them before the
beginning of the study.

A total of 80 blood donors participated
in the study; 20 healthy unexposed office
workers (control group), and 60 exposed
personnel.

The control group included 20
individuals (10 males and 10 females) aged
from 30 to 65 years. They were selected from
the same hospital population, but with no
history of occupational exposure to anesthetic
agents.

The  exposed  personnel  were
anesthetists (35 males, 25 females) aged from
30 to 65 years.

All subjects were non-smoker without
a history of chronic illness particularly liver
and kidney diseases and did not take any
hepatotoxic or nephrotoxic drugs and also, not
exposed to any kind of radiation or
chemotherapy.

Exposed subjects were divided into 3
groups; group I: persons that were exposed to
anesthetic gases for < 10 years, group II:
persons were exposed to anesthetic gases for
10-20 years, while group III: persons were
exposed to anesthetic gases for >20 years.

During work, all exposed subjects
were exposed to a complex mixture of
anesthetic agents. The most commonly used
anesthetics were halothane and Isoflurane.

Blood sample collection:

Venous blood samples (approximately
5 ml) were drawn from each subject into plain
tubes. Samples were coded, transmitted on
icebox to the laboratory, to be processed.

Aspartate aminotransferase (AST),
alanine  aminotransferase ~ (ALT), total
bilirubin (TB), Albumin, Total protein, Blood
Urea Nitrogen (BUN), creatinine (Cr) were
analyzed.

The reference values of them are:

AST (Aspartate aminotransferase): 10-
40U/L

ALT (Alanine aminotransferase): 10-55U/L
ALP (Alkaline phosphatase):45-115U/L
Bilirubin Total: 0.3-1.2mg/dl
Total protein: 6.2-8 (g/dl)
Albumin: 35-60 g/dl
Urea: 23-43mg/dl
Creatinine: 0.8-1.4 mg/dl
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Statistical analysis

Data were analyzed using an advanced
statistical package for social sciences (SPSS
version 20.0) (SPSS, Inc., Chicago, IL). The
results were expressed as frequency and
percent in qualitative data and mean + SD for
quantitative data. Parametric data were
analyzed using ANOVA test and T- test,
while non-parametric data were analyzed
using the Manwitny test.

Results

Regarding the demographic data and
patient characteristics, there was a significant
difference in age between groups with a p-
value <0.001. However, the sex and BMI did
not show significant changes between groups
(Table 1).

Table (1): Demographic criteria of all studied groups.

Group I Group II Group III Control
Variables p- value
(n=20) (n=20) (n=20) (n=20)
Age 34.25£2.9 44.60+4.3 57.05+4.3 46.05+11.6 <0.001*
Sex (male/female, n) 12/8 10/10 13/7 10/10 0.800
BMI 25.25+5.5 24.85+5.2 25.64+5.4 24.65+5.3 0.946

BMI: body mass index, *, p- value <0.05% using ANOVA test, n: number

As regards the liver function tests in
all studied groups, ALT and AST showed a
significant difference between groups with P-
value (0.012 and 0.010 ) respectively. While
there was no significant difference in the ALT
and AST values between groups. Moreover,

there was a significant difference between
groups II and IV for ALT, AST. Also, there
was significant difference between groups III
and IV for ALT, AST. Furthermore,
significant difference was found between
groups I and III for ALT, AST (Table 2).

Table (2): Liver function tests in all studied groups.

Variable Group I Group II Group III Control group - value
(n=20) (n=20) (n=20) (n=20)
ALT(U/L) 30.80+9.4 35.05+9.6" 40.32+15.8 “¢ 28.75+9.9 0.012*
AST(U/L) 29.42+6.9 32.50+8.4° 37.55+14.2 ¢ 27.55+7.5 0.010*
ALP(U/L) 66.00+£20.66 | 71.30+21.6 69.60+20.6 66.35+21.22 0.820
Bilirubin (mg/dl) 0.7+0.4 0.75+0.44 0.73+£0.42 0.68+0.43 0.96
Albumin (g/dl) 51.6048.02 50.65+9.6 49.15+6.6 51.2048.5 0.79
Total protein (g/dl) 7.2+0.7 7.2+0.7 7.07+0.7 6.9+0.7 0.73

*: p-value <0.05% using ANOVA test, n: number, ALT: Alanine aminotransferase AST: Aspartate aminotransferase,
ALP: Alkaline phosphatase, *: P-value <0.05% between group II, IV using paired t-test’ P-value <0.05% between
group III, IV using paired t-test, °: p-value <0.05% between group I, III using paired t-test, n: number.
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Concerning the kidney function tests
among anesthetists exposed to anesthetic
agents, BUN and creatinine levels were

within normal range without significant
difference between groups (Table 3).

Table (3): Kidney function tests in all studied groups.

Group I Group II Group III Control group p-
Variable
(n=20) (n=20) (n=20) (n=20) value
Urea (mg/dl) 27.86+8.67 | 25.97+8.61 30+9.34 26+8.91 0.7
Creatinine (mg/dl) 0.82+0.24 0.78+0.31 0.81+0.31 0.85+0.18 0.8
n: number
. . Casale et al. (2014) who investigated the
Discussion

Exposure to anesthetic agents in the
operating room, recovery room, may entail a
health risk for the personnel exposed.
Although health care workers are exposed to
much lower anesthetic concentrations than the
patients, this exposure often extends over
many years (Al-Ashour et al., 2014).

The possible adverse effects of long-
term exposure to trace levels of anesthetic
gases in operating room personnel have been
a matter of concern (Jafari et al., 2018).

This study is a cross- sectional study
done to evaluate the effect of duration of
exposure to anesthetic gases on the liver and
kidney functions of anesthesiologists.

All exposed subjects were exposed to
a complex mixture of anesthetic agents. The
most commonly used anesthetics were
halothane and Isoflurane.

Our study revealed a statistically
significant increase in the mean value of ALT
and AST among exposed groups compared to
the control group. Moreover, the mean value
of ALT and AST increases with the increase
in the period of exposure with higher values
among the group who exposed to anesthetic
agents for more than 20 years. However, the
mean of all measured parameters was within
normal ranges. This was in agreement with

effect of anesthetic gases on 119 operating
room personnel in Italy, as they found that
AST and ALT, were significantly higher
among exposed than the control group. Also,
the current work was similar to that of Siha et
al. (2019), in their study on liver enzymes
changes induced by anesthetic gases among
the operation room personnel, when a total of
46 persons, who worked in the operating
room more than 3 hours a day, 3 days a week,
were chosen and compared with a control
group. They found that all liver enzymes were
significantly higher among the exposed
group.

These controversial findings suggest
that other factors, including duration and
severity of exposure, the type of anesthetic
gases, age, gender, co-exposure to other
chemicals may affect the hepatotoxicity of
these agents.

Overall, the side effects of anesthetic
agents, including halothane, nitrous oxide,
isoflurane, and sevoflurane are dependent on
the magnitude and frequency of exposure
(Jafari et al., 2018). Also, it is known that
chronic exposure is mainly a risk factor for
hepatotoxicity of halogenated anesthetic gases
(Bauer and Raupach, 2019).

Several mechanisms are responsible
for hepatic injury following exposure to
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anesthetic gases. Fassoulaki et al. (1984)
reported that exposure to anesthetic agents is
expected to be associated with hepatotoxicity
due to the decrease in liver blood flow.
Halogenated agents can also cause liver
damage through the disruption of cellular
calcium homeostasis mechanisms (Shi et al.,
2017).

It is of interest to note that the mean
values of kidney tests (BUN and creatinine)
were within the normal range in all groups
without statistically significant change in the
level of urea and creatinine, among exposed
when compared to the control group. This
finding is the same as what was found by
Mohamed et al. (2003) where they didn’t
reveal any change in the level of serum
creatinine or blood urea nitrogen (BUN),
between exposed and control groups in their
study on the effect of anesthetic gases on the
operating room personnel. similarly, Trevisan
et al. (2003) studied the effect of waste
anesthetic agents on renal function of exposed
personnel and found that renal function
biomarkers were not affected by these agents.
Correspondingly, Neghab et al. (2020)
reported that exposure to low-flow of
isoflurane and sevoflurane are not associated
with significant renal effects. Likewise, Qin
et al. (2019) did not find any difference in
creatinine levels after exposure to sevoflurane
and isoflurane anesthesia.

In contrast to what was found by
Caciari et al. (2013) in their study on
occupational exposure to anesthetic gases
among health workers where they found a
significant increase in serum creatinine in 145
exposed subjects compared to 89 non-exposed
controls. This was probably due to the
numerous limitations in the use of serum
creatinine and BUN as sensitive and specific
biomarkers for early detection of kidney
injuries. Serum creatinine and BUN are two
useful indicators for evaluating kidney

function. First, many non-renal factors such
as age, sex, race, body weight, diet, and drug
consumption can influence serum creatinine
levels. Second, the production rate of urea is
not stable and depends upon the consumption
of protein-rich diets and increases under
certain situations such as bleeding, muscle
trauma, or steroid administration (Klaassen
Curtis D et al., 2013).

Conclusion:

The current study showed that
anesthesiologists were at risk to develop
health hazards related to exposure to waste
anesthetic gases. These hazards included
elevation in liver function which is related to
the prolonged exposure to anesthetic gases
over years.

Recommendations:

The researchers recommend that
further studies should be employed to involve
a large number of health staff members.
Implementation of adequate scavenging of
waste anesthetic gases with securing adequate
functioning of air conditioning systems,
periodic measurement of anesthetic gases in
the operating room to ensure keeping them
within the safe levels. Periodic examination
of personnel working in the operating room in
addition to the use of closed systems of
anesthesia whenever possible and treatment of
any health problems
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