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Abstract

Background: Over the past decade, following the discovery that developing brain of immature animals was affected by anesthetic
agents, the safety of general anesthesia (GA) in early life has been questioned.
Objectives: We investigated the association between anesthesia exposure in children and ADHD development.
Methods: This case-control study was conducted at pediatric psychology clinic of our institution and a pediatric neurology private
clinic during 2019. Firstly the responsible resident of anesthesiology separated new ADHD cases. Then a questionnaire was filled out
through an almost 10 minute’s telephone interview. Finally, frequency distribution of GA was compared between ADHD cases and
controls.
Results: Finally, the data from 210 children were analyzed. Among 105 ADHD cases, 19% had a history of a procedure requiring GA
while it was 3.8% in control group. Comparing the two groups a significant difference was observed regarding the age of receiving GA
(P = 0.004), gender (P < 0.001), the history of receiving GA (P = 0.001) and the number of anesthesia exposures (P = 0.001). According
to logistic regression analysis, male gender (P = 0.001) OR 3.11 (95CI = 1.63 - 5.93) and age (P = 0.003) OR 0.92 (95CI = 0.87 - 0.97) were
significant predictors of early exposure to GA and ADHD development.
Conclusions: It was revealed that early exposure to GA might be a risk factor for later developing ADHD. Boys might be more sensi-
tive to the long term adverse effects of anesthetic agents than girls. Further prospective well-planned studies are needed to confirm
these findings.
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1. Background

Alone in the United States annually six million chil-
dren undergo surgeries under GA while 1.5 million of them
are infants. Anesthesia benefits in pediatric surgeries in-
cluding maintaining stable hemodynamic state, reduc-
tion of pain and anxiety, providing proper conditions for
surgeon are not deniable. However recently the safety
of GA in young children has been questioned (1, 2). Ex-
perimental studies have shown that early exposure of de-
veloping brain to general anesthesia results in neurode-
generative changes (3). The current available anesthetic
drugs which act as N-methyl-D-aspartic acid receptor an-
tagonists (NMDA) and γ-amino butyric acid modulator in-
terfere with CNS development. Since all anesthetic drugs
except of opioids and agonists act as above, GA and deep se-
dation can result in apoptotic neuro-degeneration. These

agents affect primarily cortical regions through apoptotic
phenomena (4). These changes cause deficits in differ-
ent aspects of behavior. Indeed the findings of animal
researches induce the concern that the mentioned risk
might be also in human brain. Up to now human stud-
ies have discussed the risk of neurotoxicity related GA with
controversial results (5). In spite of a number of researches
with different outcome measures, (e.g. intelligence, aca-
demic achievements neuro- psychological statue biomark-
ers and neuro-imaging) that have assessed the GA harm in
developing brain, there are a lot of gaps in our knowledge
(6). Due to the lack of an agreement on the topic, whether
GA causes neurodevelopment impairment, investigations
continue to reach a definite answer (7). The concern re-
garding the risks of anesthesia agents is not restricted just
to anesthesiologists’ society, it has involved other fields,
United States Food and Drug Administration (FDA), the Eu-
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ropean Medicines Agency and even partly public society
(8). A wide range of time from pregnancy up to 4 years
have been considered as unsafe age for GA (9). In an experi-
mental research, Fredriksson and Archer (10) examined the
effects of induction of general anesthesia with ketamine
on rodents and found that they developed hyperactivity
which responded well to dextroamphetamine.

Although translation of the clinical significance of
these data to human brain is difficult, it was supposed that
this pattern may mimic human attention-deficit/hyper ac-
tivity disorder (ADHD) in children (11). ADHD as the most
common neuropsychological disease of children may con-
tinue into adulthood. The child suffers from uncontrolled
impulses, motor restlessness and impaired ability to pay
attention and concentrate (12).

The predisposing factors for this disease are not well
known yet. However, available information strongly
points to the important role of both gene and environment
for clinical manifestation of ADHD (13). Due to the scarcely
limited researches in our country and the importance of
the issue, this study was planned.

2. Objectives

In the present study we investigated whether GA expo-
sure before four years of age was associated with behav-
ioral problems or not.

3. Methods

This case control study was conducted at pediatric psy-
chology clinic of our institution and a pediatric neurology
private clinic, from February to July 2019. Firstly the re-
sponsible resident of anesthesiology screened all the files
of children who were referred to the mentioned centers
and ADHD cases that were recently diagnosed were iden-
tified and sorted out.

Inclusion criteria consisted of newly diagnosed ADHD
cases (within the last year) having a healthy brother or sis-
ter, whose parents were contactable and also accepted to
enroll in the survey. An experienced pediatric psychiatrist
and a pediatric neurologist identified our cases, according
to the DSM-5 diagnostic criteria for ADHD.

3.1. Exclusion Criteria (Families with No Cooperation)

After sorting out the files, the resident of anesthesi-
ology telephoned the families of these children and ex-
plained the aim of the survey. When they agreed to partic-
ipate, a questionnaire was filled out through an almost 10
minute’s telephone interview for both ADHD cases and the
healthy sister or brother. The parents were asked to answer

the questions including the children’s history of exposure
to GA in the first four years of age, the age of exposure, birth
status; term or preterm and single or multi-exposure to GA.
The main outcome of the study is development of ADHD
when exposed to general anesthesia in childhood.

Finally the frequency distribution of GA exposure was
compared between ADHD cases and controls and the data
were compared between healthy and ADHD groups to find
any association between receiving GA in the first four years
of age and ADHD.

3.2. Sample Size

Based on a pilot study we found that 104 cases could be
a proper sample size for this survey. From 30 ADHD cases,
six (20%) had a history of general anesthesia exposure in
the first four years of age. Study power was considered as
90%, Z = 1.96 and β-1 = 1.28. The used formula is presented
below.

3.3. Ethics

After approval of the study protocol by the
Ethics in Research Committee of the University (no.:
IR.GUMS.REC.1397.524), informed consent was obtained
from parents.

4. Results

The data from 210 children were analyzed. Among 105
ADHD cases, 19% had a history of procedures requiring gen-
eral anesthesia while it was 3.8% in control group. The
characteristics of cases and controls are presented in Ta-
ble 1. Comparing Comparing the two groups a significant
difference was observed regarding the age of receiving GA
(P = 0.004), gender (P < 0.001), the history of receiving
GA (P = 0.001) and the number of anesthesia exposures (P
= 0.001). Hence in order to adjust the variables with sig-
nificant difference in univariate analysis, (sex, history of
anesthesia exposure, number of anesthesia exposures and
the age when received anesthesia), backward likelihood ra-
tio method was applied and after three steps, age, sex re-
mained statistically significant. According to logistic re-
gression analysis, male gender (P = 0.003) OR 0.92 (95CI =
0.87 - 0.97) and age (P = 0.001) OR 3.11(95CI = 1.63 - 5.93) were
significant predictors of early exposure to GA and ADHD
development (Table 2).

Statistics analysis: Statistical package for social science
(SPSS) version 16 software was used to analyze the data. Ac-
cording to Kolmogorov-Smirnov test the age distribution
was not normal among cases and controls. Mann-Whitney
U and chi-square tests were used. In multivariate analysis,
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Table 1. Characteristics of Cases and Controlsa

Case Control Value P value

Age, y 11 (4) 15 (11) 4114.50b 0.001

Sex, % < 0.001

Male 79 54.3 14.48c

Female 21 45.7

Birth weight, % 0.685

Normal 85.7 87.6 0.16c

Low birth weight 14.3 12.4

Situation at birth, % 0.390

Term 92.4 95.2 0.73c

Preterm 7.6 4.8

History of anesthesia exposure, % 0.001

No 81 96.2 11.98d

Yes 19 3.8

Number of anesthesia exposures, % 0.001

Zero 81 96.2 12.38d

Once 15.2 3.8

> Once 3.8 0

Age when receiving anesthesia, % P = 0.004

One ye 5.7 1.9 13.16d

Two years 5.7 0

Three years 4.8 1.9

> Three years 2.9 0

aValues are expressed as No. (%) or median (interquartile range).
bMann-Whitney U.
cPearson chi-square.
dFisher’s exact.

Table 2. Odds Ratio and Confidence Interval of Predictors for ADHD Developmenta

Step 3 Values, B
(SE)

95% CIb for Exp b

Lower Exp b Upper

Included

Constant 0.03 (0.41)

Age -0.07 (0.02)c 0.87 0.92 0.97

Sex 1.13 (0.32)d 1.63 3.11 5.93

aR2 = 0.17 (Cox & Snell), 0.22 (Nagelkerke). Model χ2 (5) = 39.11, P < 0.001.
bConfidence interval.
cP = 0.003.
dP = 0.001.

we used logistic regression analysis for predicting our di-
chotomous outcome (ADHD). Statistical significance was
considered as P < 0.05.

5. Discussion

Neurodevelopment abnormalities in ADHD cases have
been described well. Studies have found that in these
cases, hypofunction of N-methyl d-aspartate receptors in-
duce inattention. Prefrontal cortex (PFC) is responsible for
thoughts, analysis and regulating behavioral, emotion fo-
cus and attention. PFC helps to predict the outcomes of
a behavior and determining right from wrong. This vital
part of the brain is unregulated in ADHD cases and den-
dritic spine density in PFC significantly change (14). Ac-
cording to our search, it was the first study in Iran evaluat-
ing the association between early GA exposure and later be-
havioral disorders. Indeed, increasing interest in this topic
as a big concern judged by numerous published articles,
has not been observed in our country and the limited avail-
able studies indicate the lack of enough attention to the
issue (15, 16). The main finding of this work was that chil-
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dren exposed to anesthetic agents in the first four years of
age, had a higher incidence of ADHD than those without
this history. In other words we supported previous stud-
ies which indicated the neurotoxicity of anesthetic drugs
in developing brain. We found that the age of receiving
GA, male gender, the history of receiving GA and the num-
ber of exposures were significantly associated with ADHD.
However they could not be a strong predictor for this be-
havioral disorder. After our data was stratified by sex, we
found a strong association between ADHD and male gen-
der. Searching the current literature, some of them sup-
ported our findings and some other were in contrast. In
line with our paper, Tsai et al. (17) in a birth cohort study
reported that exposure to GA before the age of three years
had an increased risk for later ADHD. DiMaggio et al. (18)
in two retrospective studies found that exposure to GA in
the first 3 years of age increased the risk of developmen-
tal or behavioral abnormalities. Ing et al. (19) in 2012 in-
dicated that children who were exposed to GA in the first
three years of age showed more language deficits than un-
exposed ones. Furthermore studies reported that neonates
delivered by cesarean section under GA were more likely
to develop behavioral deficits compared with those deliv-
ered vaginally without anesthesia (20). Flick et al. (21) 2011
demonstrated that early exposure to GA could be an in-
dependent risk for neurological disorders affecting both
learning and behavior abilities. In contrast to our find-
ings, in a pilot study Kalkman et al. (22) reported that
there was a non-significant association between exposed
children and non-exposed to GA before 24 months regard-
ing behavioral disorders. Bartels et al. (23) did not report
the mentioned association either. O’leary J et al. (24), re-
ported that children who received GA before age 5 to 6 were
at a higher risk of early neurodevelopment vulnerability
and long term adverse outcomes. However they found that
multiple exposure or age under 2 were not recognized as
additional risks. Sprung et al. (11) studied the association
between GA before 2 years of age and the development of
ADHD. They found that children, who underwent repeated
surgeries under GA, had a higher risk of development of
ADHD. Opposite to this work, Ko et al. (25) in a retrospec-
tive matched-cohort study in Taiwan reported that there
was no association between early life anesthesia exposure
before three years of age and ADHD. Creagh et al. (26) also
did not observe any positive correlation. Bong et al. (27)
in a retrospective study found that the incidence of learn-
ing disability among children with a history of GA expo-
sure before one year was 4.5 times greater than that of not
exposed peers. As discussed above, a discrepancy among
the findings of human studies is observed which could be
justified by the differences regarding socioeconomic sta-
tus, genetics, familial conditions, parenteral characteris-

tics such as age, comorbidities, dosage and timing of GA,
all of which might affect the results. Indeed the reason
of this disagreement could be differences in study design
such as choice of study population, sample size, the length
of follow-ups, different assessment tools (e.g. intelligence,
academic success, behavioral disorders) (28). The defini-
tion of ADHD and case selection strategies might be dif-
ferent among studies. In Sprung et al.’s study (11) the ma-
jority of cases came from schools, that had referred the
children for behavioral problems and a questionnaire was
filled out by teacher or parent. Tasi et al. (17) used a nation-
wide population-based sample and in our research we had
a regional participation. Furthermore studies which select
cases based on ICD-9-CM code 314.01 that presents a com-
bined type of disease, may miss ADHD cases who clinically
express hyperactivity or inattention, not both of them. In
Tasi et al.’s study (17) with ICD-9-CM 314 a broader crite-
rion was considered for ADHD diagnosis. Furthermore; se-
lected exposure period was not the same among studies.
Sprung considered this time before the age of two years
(11). Tasi et al. (17) before 3 and in our study it was ex-
tended to before 4. The other noticeable factor was dura-
tion of follow-up periods. In Ko et al. (25) study children
aged 5 - 10 years were focused on. Therefore cases diag-
nosed after 10 years of age could be missed. Due to differ-
ent interpretations among observational studies and the
multifactorial nature of the mentioned criteria, focusing
on other modalities such as biomarkers and neuroimag-
ing might provide more reliable results. There are still sev-
eral unanswered questions: anesthetic drugs, doses, anes-
thesia duration, age at exposure and proper evaluation cri-
teria. We acknowledge that to achieve more meaningful
results, cohort studies with an adequate sample size is re-
quired. Surely, neuro behavioral disorders are multifac-
torial and similar to other supporting studies we cannot
claim that we have found a single causative factor. How-
ever, despite the inconstant results of clinical studies and
unanswered questions in this field, based on accumulat-
ing evidence suggesting irreversible neuronal damage and
lasting neurodevelopmental sequels, it is wise to avoid any
unnecessary procedure requiring GA in early life. Obvi-
ously children’s deprivation of anesthesia and analgesia is
not legally or ethically accepted (29). Definitely to achieve
the desired goals, not only anesthesiologists but also other
specialists should be aware from the potential risks of GA
administration during early life (15). Indeed proper com-
munication with other involved physicians who refer the
children for an elective surgery or invasive diagnostic pro-
cedure requiring GA which could be postponed is crucial
(30). Providing sufficient knowledge in general society es-
pecially among parents should be considered as well. As
such parents frequently question the physicians about the
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safety of GA in their children (31).

5.1. Limitations

We admit that there are several limitations for this
work. Indeed due to the nature of this study, our data was
achieved via a telephone interview and in many cases par-
ents did not have a proper communication or might not
remember the required data.

Therefore we were not able to infer causality either and
clarify the pure effects of GA because it was hard to differen-
tiate how the potential confounding factors such as mater-
nal smoking, alcoholism, mental statue, child nutrition,
lead exposure, child hood systemic and inflammatory dis-
eases could affect the results.

5.2. Conclusions

This study showed that early exposure to GA might
be a risk factor for later developing ADHD. Boys might be
more sensitive to the long term adverse effects of anes-
thetic agents than girls. However, we believe that to con-
firm what is reported here and to determine the possi-
ble mechanisms for this association, future studies are re-
quired.
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