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Abstract

related neurotoxicity in children aged under three years old.

of anesthesiology.

to be improved through practical strategies.

Background: Recently, concerns about general anesthesia (GA)-related neurotoxicity has been growing in societies. Parents’ infor-
mation obviously plays an important role to make right decision for elective surgeries on children aged under three years old.
Objectives: The aim of this survey was to evaluate the knowledge, attitude, and performance of pregnant women about the GA-

Methods: This descriptive study was conducted at Alzahra Teaching Hospital in Guilan, Iran, during 2020. The eligible pregnant
women admitted to this center were interviewed, and a questionnaire containing 10 items was filled out by the responsible resident

Results: In this research, a total of 361 pregnant women were enrolled and underwent a face-to-face interview. The mean age of
the participants was 31.4 £ 7 years, 64.5% were living in urban areas, 82.5% were housewives, and 65.7% were multipara. Moreover,
83.7% of participants believed that receiving information in this regard was crucial, and 81.7% preferred physicians as the source of
information. Only 8% of mothers had received information regarding the issue. A significant correlation was observed between the
habitat, employment, the level of education, knowledge, and attitude status, and the source of receiving information.

Conclusions: According to our results, the knowledge, attitude, and performance of pregnant women were not optimal and needed
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1. Background

Recently, the topic of general anesthesia (GA)-related
neurotoxicity has been growing as a big concern (1, 2).
Based on experimental studies, the issue has been highly
confirmed (3, 4). However, the results of human research
have shown inconsistent findings. While several studies
have strongly supported the potential risk of GA agents
before age three, some others have reported no associa-
tion between GA exposure in young children and late neu-
rodevelopmental disorders (5-9). Since 2017, the Food and
Drug Administration (FDA) has definitely recommended
that elective surgeries or any procedure requiring seda-

tion or anesthesia, which could be postponed until age
above three, should not be performed in early childhood.
This risk is especially raised during repeated or prolonged
anesthesia (10, 11). Indeed, GA exposure in young children
should be restricted to emergency operations or vital di-
agnostic procedures. Therefore, awareness and attitude of
the society towards the issue should be corrected, and at-
tempt should be made to induce the concern about the
possibility of GA-related risk of neurotoxicity (12, 13). Obvi-
ously, it should be noted that depriving a child of analgesia
and anesthesia due to the fear of neurotoxicity is not eth-
ically and legally acceptable. Studies have confirmed that
experience of pain and severe anxiety would be very harm-
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ful with long-lasting adverse effects. Hence, they strongly
recommended to use effective pain control strategies (14).

Furthermore, a balanced anesthesia could provide fa-
vorable conditions for both the child and surgery team. Pe-
diatricanesthesia and sedation is provided via two main re-
ceptors, including Gamma aminobutyric acid (GABA) and
N-methyl-D-aspartate (NMDA) (15-17). In this regard, few
studies have been conducted advising an effective com-
munication between anesthesiologists and other fields to
prevent unnecessary surgeries such as circumcision before
the age of three; however, few studies have focused on the
parents’ knowledge and attitude. In this study, for the
first time, we evaluated mothers’ knowledge, attitude, and
performance about the GA-related neurotoxicity as a ma-
jor fundamental step. Previous studies have demonstrated
the mothers’ desire toward being aware of the risk of anes-
thesia (13, 18). Pregnant women candidate for delivery will
be in the decision-making position for the child’s possible
elective surgeries in the near future. Therefore, improving
their attitude and knowledge towards the issue could be a
fundamental step.

2. Objectives

The aim of this survey was to evaluate the knowledge,
attitude, and performance of pregnant women about the
GA-related neurotoxicity in children aged under three
years old.

3. Methods

After approval of the Research Ethics Committee of
Guilan University of Medical Sciences (GUMS), this descrip-
tive study was conducted at Alzahra hospital, an academic
and referral center in Guilan, Iran, during 2020.

Inclusion criteria: Term parturient women referred to
Alzahra hospital for delivery; caesarean section (CS) or nor-
mal vaginal delivery (NVD) who could properly communi-
cate.

Exclusion criteria: Women who could not communi-
cate for any reason; those who did not give informed con-
sent.

After the initial screening, the eligible cases were in-
terviewed. A researcher-made questionnaire containing
10 items about knowledge, attitude and performance of
mothers towards GA related neurotoxicity and long-term
behavioral and neurocognitive disorders was filled out by
the resident of anesthesiology. The reliability and validity

of the questionnaire were confirmed by 10 faculty mem-
bers. Atotal of 385 pregnant women were interviewed, and
24 individuals were excluded due to language differences
and difficulty in communication.

3.1. Statistical Analysis

The achieved data were analyzed by SPSS software ver-
sion 21. In order to find any association between vari-
ables and mothers’ answers, one-way analysis of variance
(ANOVA) was used. Chi-square and Fisher’s exact tests were
also used. A P-value less than 0.05 was considered as signif-
icant.

4. Results

A total of 361 pregnant women were interviewed. Ba-
sicdemographic data of our cases are shown in Table 1. The
mean age of participants was 31.4 & 7.13 years (age range: 16
- 48 years). Also, 64.5% of participants were living in urban
areas, 82.5% were housewives, 17.5% were multipara, and
2.8% were illiterate. In terms of knowledge items, most of
them chose the answer "I don’t know". However, 71.5% of
mothers believed that GA agents during pregnancy could
be harmful to the fetus, and 72.3% of them had no idea
about the safe age for GA exposure. In terms of attitude
items, 85.9% of them had not received any information re-
garding the potential risks of GA-related neurotoxicity in
childhood. Moreover, 83.7% declared that receiving infor-
mation regarding the issue was necessary and 81.7% pre-
ferred physicians for this purpose (Table 2). A significant
correlation was observed between the residence place, oc-
cupation, and the level of education, knowledge, and atti-
tude status, and the source of receiving information (P <
0.05). Mothers with higher level of education, living in ur-
ban areas, and having a job had better information, and
physicians were the main source of their information (Ta-
bles3and 4).

5. Discussion

Based on the results of this study, enough attention
has not been paid to the issue. Indeed, these alarming re-
sults call for a practical intervention to improve parents’
knowledge and attitude towards the issue. It is undeni-
able that parents are involved in the child’s treatment de-
cisions. Educated mothers, who made up a small per-
centage of the total study population, gave acceptable an-
swers, however in general, the participants knowledge and
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Table 1. Mothers’ Demographic Characteristics

Variables Values®
Maternal age
<20 18(5)
21-30 152 (42.1)
31-40 149 (413)
41-50 42(11.6)

Mean = SD ( min - max) 31.4 +7.13(16- 48)

Place of residence
Urban 233(64.5)
Rural 128 (35.5)
Employment Status
Housewife 298(82.5)
Employed 63 (17.5)
Education
Illiterate 10 (2.8)
Under diploma 114 (31.6)
Diploma 162 (44.9)
University degree 75(20.8)
Parity
Primipara 124 (34.3)
Multipara 237(65.7)

? Values are presented as No. (%) unless otherwise indicated.

awareness were far from optimal status. The majority of
mothers had received no information about the topic and
believed that it was a critical duty of physicians. The most
frequent answer regarding knowledge area was “I don’t
know”. Indeed, they did not consider a safe age to receive
anesthesia for children. However, they were aware of the
fact that GA drugs could be harmful to the fetus during
pregnancy, but they were not sure about its harmfulness
for their young children. In spite of the poor knowledge,
they declared that if anesthesiologists or surgeons recom-
mend to postpone an elective (and not vital surgery) to
age above three, they would accept it. It is a valuable find-
ing that indicates the important role of physicians to pro-
vide information to the parents as they obey them well
and only need a reliable guidance. As expected, a signif-
icant association was observed between the place of resi-
dence, occupation, and level of education, knowledge and
attitude status, and the source of receiving information.

Anesth Pain Med. 2021; 11(5):e118098.

Mothers with a higher level of education, living in urban
areas, and having a job had better information, and physi-
cians were the main source of their information. Recently,
the risk of anesthesia and parents’ requests has been dis-
cussed as a notable topic. In line with this study, Litman
et al. evaluated the parents’ knowledge and attitude re-
garding GA-related risk. They found that most of the par-
ents, especially mothers, were interested in receiving in-
formation regarding potential risks of anesthesia (19). Wis-
selo et al. also reported that parents were curious about
GA in their children, and 41% of them asked for a video-
tape as a part of providing more information (18). In a re-
search conducted by Nemergut et al., it was emphasized
that the potential risks of anesthetic agents on children’s
neuro-development should be discussed with parents, and
it could be one of the items of the consent process (13).
Franck and Spencer planned a review and analyzed the
published literature on providing information to parents
about pediatricanesthesia. They reported that parents pre-
ferred to receive information about pre-surgical anesthe-
sia assessment clinic visits, anesthesia methods, potential
risks, and personnel roles via different tools such as ver-
bal, video, or written modalities. Moreover, they showed
less anxiety and more satisfaction (20). There is limited
literature about GA-related neurotoxicity in Iran, and no
similar study has been performed to investigate mothers’
attitudes regarding the issue yet. Obviously, this empha-
sizes the novelty of the study. However, this limits the
possibility of a challenging discussion and comparing the
results of other studies. In a survey from northern Iran,
the incidence and some related factors of elective pedi-
atric surgeries were evaluated. It was reported that ur-
ban boys underdoing circumcision were the most cases of
elective surgeries before the age of three (21). In another
study, knowledge, and practice of physicians at Guilan aca-
demic hospitals regarding GA-related neurotoxicity was
evaluated, and it was revealed that the current curriculum
should be revised (22). In summary, it is clear that anesthe-
siologists’ knowledge and interventions are not adequate
to solve the problem, because they onlyvisita limited num-
ber of pregnant women who are candidate for elective ce-
sarean delivery and not those who are in labor with NVD
planning or those who undergo an emergency CS. Accord-
ingly, anesthesiologists should have a proper communica-
tion with pediatricians, obstetrics, and surgeons in this re-
gard. Also, obstetrics could play an important role because
they frequently visit women during pregnancy and for pre-
natal care. Hence, they can easily communicate with them
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Table 2. Frequency of Mothers’ Answers about Knowledge, Attitude, and Practice of GA-Related Neurotoxicity

Questions

Yes, No. (%)

No, No. (%) 1Don’t Know, No. (%)

Could general anesthesia before age three be harmful for learning ability?

Could general anesthesia before age three be harmful for behavioral problems like attention deficit

hyperactivity disorder (ADHD)?

Could GA agents be harmful to the fetus during pregnancy?

Is it necessary to inform parents about the potential risk of GA-related neurotoxicity?

If anesthesiologists or surgeons recommend you to postpone an elective surgery to above three,

would you accept it?

Do you prefer surgery or painful diagnostic procedures without anesthesia due to the fear of

anesthesia?

92(25.5) 46 (12.7) 223 (61.8)
91(25.2) 52(14.4) 218 (60.4)
258 (71.5) 71(19.7) 32(8.9)
302(83.7) 40 (11.1) 19 (5.3)
93(25.8) 243(67.3) 25(6.9)
87(24.1) 205(56.8) 69 (19.1)9

Table 3. Frequency of Mothers’ Answers about GA before Three and Learning Problems *

Could General Anesthesia Before Age Three be Harmful for Learning Ability?

Variables
Yes No 1Don’t Know P-Value
Maternal age; Mean + SD 30.51 +7.25 3171+ 5.71 3171+ 734 0377
Place of residence 0.021
Urban 66(28.3) 22(9.4) 145 (62.2)
Rural 26(20.3) 24(18.8) 78(60.9)
Occupation 0.104
Housewife 73(24.5) 34(11.4) 191(64.1)
Employed 19(30.2) 12 (19) 32(50.8)
Level of education 0.012
Illiterate 2(20) 0(0) 8(80)
Under diploma 19 (16.7) 20 (17.5) 75(65.8)
Diploma 41(25.3) 9(11.7) 102 (63)
University 30(40) 7(93) 38(50.7)
Parity 0.605
Primipara 31(25) 13(10.5) 80 (64.5)
Multipara 61(25.7) 33(13.9) 143(60.3)
? Values are expressed as No. (%) unless otherwise indicated.
and provide the needed information. Footnotes

5.1. Limitations

This study was a single-center study, and pregnant
women admitted to private hospitals were not enrolled.
Cultural differences, level of education, and economic sta-
tus could affect the results.

5.2. Conclusion

This study revealed that mothers’ knowledge, attitude,
and performance are far from optimal status and require
to be improved via effective and practical interventions.
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Table 4. Frequency of Mothers’ Answers about GA before Three and Behavioral Problems *

Could General Anesthesia Before Age Three be Harmful for Behavioral Problems Like ADHD?

al. Neurodevelopment of children exposed to anesthesia: design of
the Mayo Anesthesia Safety in Kids (MASK) study. Contemp Clin Tri-

Anesth Pain Med. 2021; 11(5):e118098.

Variables
Yes No IDon’t Know P-Value
Maternal age; Mean + SD 3118 & 6.02 32.59 +7.27 31.22 +7.52 0.433
Place of residence 0.165
Urban 62(26.6) 28(12) 143 (61.4)
Rural 29 (22.7) 24 (18.8) 75(58.6)
Occupation 0.015
Housewife 70 (23.5) 38(12.8) 190 (63.8)
Employed 21(333) 14(22.2) 28(44.4)
Level of education 0.002
Illiterate 2(20) 0(0) 8(80)
Under diploma 25(21.9) 20 (17.5) 69(60.5)
Diploma 32(19.8) 20 (12.3) 110 (67.9)
University degree 32(42.7) 12 (16) 31(41.3)
Parity 0.02
Primipara 25(20.2) 12(9.7) 87(70.2)
Multipara 66 (27.8) 40(16.9) 131(55.3)
? Values are expressed as No. (%) unless otherwise indicated.
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