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Abstract: The exposure of neonates, infants and
small children to general anesthesia is becoming a
common occurrence.Accumulating preclinical data in-
dicate that exposure to commonly used general anest-
hetic agents during key periods of brain developmentin
this population (between late gestation and 3 to 4 years
of age), can lead to apoptotic neurodegeneration, syn-
apse loss, and cognitive and neurobehavioral deficits
that persist as the organism matures. New work sug-
gests that infants and small children undergoing some
types of surgery could have better recovery if they re-
ceive regional anesthesia rather than general anesthe-
sia. In response to this concerns, the Food and drug ad-
ministration (FDA) and the International Research So-
ciety in anesthesia (IARS) started an initiative called
Smart Tots (Strategies for Mitigating Anesthesia- rela-
ted neuro Toxicity in Tots)which examine the effects of
anesthesia on brain development.Also another two ma-
jor prospective studies are ongoing in children: PAN-
DA (Pediatric Anesthesia Neurodevelopment assess-
ment Study) project is a large, multi-center study based
at the Morgan Stanley Children’s Hospital of New
York at Columbia University, and another one is GAS
study which is a multisite randomized controlled trial
comparing neurodevelopment outcomes in infant rece-
iving general anesthesia compared to spinal and other
regional anesthetics to the stress response to surgery.

The findings from these studies will help resear-
ches to design the safest anesthetic regimens and to de-
velop the new and safer anesthetic drugs for use in pe-
diatric medicine.

Keywords: pediatric anesthesia, newborn, infant,
small children, neurotoxity risk, neurocognitive out-
come.
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INTRODUCTION AND CONTEXT

The exposure of newborns, infants and very young
children to general anesthesia is becoming a common
occurrence. The frequency of operating suite visits has
increased, as have the lengths of stay in intensive care
units, resulting in the annual administration of many
millions general anesthetics to the pediatric patient po-
pulation (1).

In newborns and infants morbidity and mortality
from general anesthesia is higher than in adults,in in-
fants is higher than in premature and those with body
weight <2 kg compared with newborns at term. New-
borns are at greater risk to infants while they are at hig-
her risk to children and of course smaller children com-
pared to older children and adults. These correlations
resulting among other things, and from the differences
in anatomical and physiological features between new-
born, infants and small children. Consistently cited as
one of the greatest discoveries of modern medicine, ge-
neral anesthesia has garnered widespread respect and
acceptance for its remarkable ability to safely render a
person unconscious with nothing to show for it after-
ward but a short-lived hangover. However, begining
approximately a decade ago, studies began to challen-
ge the premise that the brain is restored to its erstwhile
pristine state after general anesthesia. Nowhere is the
possibility of long-term alteration in brain function of
greater concern than when an infant needs a procedure
that requires general anesthesia. Accumulating precli-
nical data indicate that exposure to commonly used ge-
neral anesthetic agents during key periods of brain de-
velopment can lead to apoptotic neurodegeneration,
synapse loss, and cognitive and behavioral deficits that
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persist as the organism matures (2, 3). In addition, neo-
natal anesthetic exposure alters neurogenesis and
synaptogenesis in animals (4, 5), indicating that anest-
hetic medications influence neuroplasticity (6). The
brain is most vulnerable to this neurotoxicity and neu-
roplasticity during the brain growth spurt, which corre-
sponds to a critical period of synaptogenesis and activ-
ity-dependent pruning and sculpting of synaptic archi-
tecture (2, 3). Because synaptogenesis in humans is be-
lieved to occur between late gestation and 3 to 4 years
of age, than newborns, infants and small children who
require general anesthesia during these years are possi-
bly at risk for cognitive or neurobehavioral sequelae, if
the animal data can be extrapolated to humans.

Anesthetic agents used for premedication,
general anesthesia and pain treatment in
new born, infant and small children

Premedication

Recommendations forpremedicationofpediatric pa-
tientsvary widely. Basicallyapremedication with seda-
tivesis not practicedfor newbornsand infantswith seve-
reclinical picture.Atanxiety children are indicated giv-
ing Midazolam 0,1-0,15 mg/kg'l i.m or per os in the
form of syrup. Preoperative intramuscular atropine as
anticholinergic is justified by the following: reducing
bradycardia and hypotension in induction and during
anesthesia in newborns and infants up to 3 months, also
acts antisialogenic by reducing the secretion, thereby
facilitating intubation. Also atropine is recommended
to be given in neonates and infants operated under neu-
roaxialblocks. It is given in doses of 0.15-0.2 mg/kg'l
i.m, some anesthesists practice to give intravenously
immediately before induction of anesthesia, and some
only if bradycardia appear (7, 8).

General anesthesia

General anesthesia in these population are applied
with intravenous or inhaled technique. Intravenous in-
duction is indicated if the newborn or infant is delive-
red by intravenous cannula. Barbiturate is given with a
rapid onset of action (for newborn thiopental 3 mg/kg'l
infant 5 mg/kg™) or propofol (2-3 mg/kg ). Propofol as
hypnotic is allowed to be given in infants older than 1
month, but there are studies of newborn and premature
where it is used as a hypnotic for induction and mainte-
nanceof anesthesia (1.0 mg/kg']). In infants the doses
of propofol are higher, because of the large volume of
distribution and faster decomposition. The appearance
of hypotension and cardio-circulatory instability is a
negative side effectof this hypnotic (9, 10). In newborn
and infant analgesia during intravenous anesthesia can

be established by using remifentanyl or fentanyl. As a
opioids especially fentanyl in these patients may pro-
duce respiratory depression (residual effect) and usu-
ally practiced applying it, if premature or infant goes
on a ventilator after surgery. Because propofol known
to give cardio-circulatory instability it may be combi-
ned with ketamine (ketofol), in order to reduce the pos-
sibility of hypotension. Often in newborns with certain
malformations are indicated intubation in live, but this
is only possible if the infant has inserted intravenous
cannula for possible complications (laryngospasm,
bronchospasm). If the newborn has no intravenous
cannula we tried to insert it by using few breaths of
7-8% sevoflurane -potent volatile anesthetic gas. The
intubation are performed by using sevoflurane and in-
travenously by using depolarizing (succinylcholine) or
non-depolarizing (rocuronium bromid, vecuronium
bromid) muscle relaxant. In newborns and infants iso-
flurane and desfluranot do not find their place, because
they are stronger, more iritable at induction in anesthe-
sia (can be given cough, apnea, laryngospasm). Gas
anesthesia alone does not make for itself a remarkable
intraoperative analgesia and therefore need to be sup-
plement with analgesic anesthetic (remifentanyl or
fentanyl). Routinelyfor postoperative painacetaminop-
hen is analgesic of choice, which should not be given
more than 3 days because of its hepatotoxicity.

Waking from anesthesia requires reversing the
block, breathing, grimacing, crying, attempted to sel-
fextubation.

Postoperative apnea is serious problem in the
newborn, especially if there is a history of prematurity,
apnoic previous episodes, bradycardia, congenital de-
fect, anemia, chronic lung disease (respiratory distress
syndrome). Infants have a lower rate of Type 1 fibers
and are at risk for fatigue. Residual anesthetic agents
from operative intervention can also give apnea. Treat-
ment consists of using tactile stimulation, oxygen sup-
port, use of caffeine, methylxanthines, and if it more
frequent, endotracheal intubation and mechanical ven-
tilation are required (8, 9, 10). In these newborns if the
operative procedure is on lower extremities or lower
part of abdomen, neuroaxial blocks(spinal, caudal, epi-
dural) are regional technique of choice.

In recent years, the question is whether
anesthesia for newborns, infants
and young children is harmful?

Concerns about the potential impact of general
anesthesia on brain development appeared about 10
years ago, when in certain studies of young animals ex-
posed to anesthesia has been shown that there are chan-
ges in the brain that are associated with behavior prob-
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lems. In these studies it has been shown that anesthet-
ics which are usually used in anesthesia performed in-
hibition of neural activity through the disruption of
synaptic transmission (depression of the nervous activ-
ity and decay of apoptotic cells) including GABA (T
receptor activity) and NMDA receptors (blockade) (6).
In May 2015 American Society of Anesthesiologists
has published the first on line edition of the official me-
dical journal of Anaesthesiology which were publici-
zed two studies from Royal Children Hospital, Melbo-
urne, Australia,involving infants with hernia repair op-
erated under the general and regional- spinal anesthe-
sia. Experts examined the effects of general anesthesia
in infants and young children and believe that these pa-
tients undergoing general anesthesia several times in
the first three years of life, may beathigher risk in the
development and learning difficulties. When it showed
that the possibility of complications postoperative ap-
nea and breathing complications are much lower in the
group of infants operated under spinal anesthesia (11,
12, 13, 14, 15).

American Society of Anesthesiologists (ASA) in
May 2015 made recommendations:

“Experts have long examined the effects of anest-
hesia on infants and toddlers, and many believe infants
who undergo general anesthesia in their first year of li-
fe may be at higher risk of developmental and learning
issues. New work suggests that infants undergoing so-
me types of surgery could have better recovery if they
receive regional anesthesia rather than general anest-
hesia” (11, 12, 14, 15).

The most referent studies for possible impact of
anesthesia on childhood cognitive function in children,
learning disabilities, the occurrence of ADHD (Atten-
tion deficit hyperactivity disorder) came out from
Mayo Clinic, published in Anesthesiology/march/
2009. The first study included 5,000 children born bet-
ween 1976 and 1982 in Olmstead County, Minnesota.
The study monitored male children, because the num-
ber of operative procedures in infants and children with
hernioplasty are most to them. This study followed
children with one, two or more surgery to 4 years of
age, and their results in reading, writing, mathemathics
tests cognitive problems up to 19 years of age (11, 12).
Children who received two or more anesthesia twofold
increased risk in terms of thinking, speaking, reading,
spelling, performing calculations. Dr. Robert Wilder
and co-authors of this study noted thatzthe data are pre-
liminary and do not necessarily suggest a direct or defi-
nitive causal link between anesthesia and learning dis-
abilities, only an association. “We clearly have not de-
monstrated that anesthetics are the cause of learning di-
sability,” says Wilder. “We don’t want this to alarm the
public to the point they aren’t giving children appropri-

ate medical care.” It could be dangerous to deny chil-
dren surgery to spare them the anesthesia, Wilder says,
since in most cases of pediatric surgery, the procedure
is a necessary and potentially lifesaving one that can-
not be avoided or postponed (13). Scientists from this
department allude to a dose-dependent effect, i.e. how
long the baby was anesthetized more likely to develop
later problems with reading, writing and mathematics.

However experts are not ready to say that babies
should not be given anesthesia “We do not want to de-
lay the operation of a child who has need of'it,” said Dr.
Solpicio Soriano, an anesthesiologist at Harvard Medi-
cal School and Children’s Hospital in Boston “but we
need more research and clinical trials to find new drugs
and new combinations of drugs that would affect less
later cognitive function of the child” (12, 13).

The second study was conducted on 5357 children
born between 1976 and 1982 at Mayo Clinic, Roches-
ter, Minnesota. These children were followed up to 19
years. age regarding the occurrence of ADHD disorder.
It was revealed that children who received an anesthe-
siaup to 2 years. age in 10.7% appeared ADHD disor-
der and those who had received 2 or more anesthetics
to 2 years old this disorder occurred in 17.9%. Children
who did not receive anesthesia percentage of ADHD
was 7.3%. This suggests a possible link between anest-
hesia and the emergence of ADHD disorder.Dr. Ran-
dall Flick, from the Mayo Clinic suggests of the neuro-
toxityof nitrous oxide which is widely used in dental
offices in the United States (11, 12, 13).

Third major study from the Royal Children Hospi-
tal in Melbourne, Australia, was performed on 2900
children under 3 years of age who received more anest-
hesia. At 10 years of age they were assessed for learn-
ing ability, thinking, remembering, reasoning, use of
language and the development of depression and ag-
gression. It was found that these children have almost
more than twice as likely to have a language disability
In particular, it increased the chance that a child would
have trouble listening to and remembering spoken
words.The researchers found no link between anesthe-
sia and behavioral problems or attention, however
(12).The major study from Taiwan performed on 3293
children which were exposed to general anesthesia be-
fore 3 yearsof age showed that there is no connection
between anesthesia and attention deficit/hyperactivity
disorder(ADHD) (16).

In addition to the relative lack of safety data, re-
cent in vitro and in vivo studies have shown that the va-
riety of anesthetic agents in children less than 3 years
of age (neonates, infants, small children) cause neuro-
toxicity and possible long- adverse neurodevelopmen-
tal outcomes (17, 18, 19, 20). In response to this con-
cerns, the Food and drug administration (FDA) and the
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International Research Society in anesthesia (IARS)
started an initiative called Smart Tots (Strategies for
Mitigating Anesthesia- Related Neuro Toxicity in
Tots) which examine the effects of anesthesia on brain
development. Smart Tots seeks to ensure that children
under age 4 will be as safe as possible when they need
anesthesia during surgery. Studies have shown that this
is a period of significant brain development in young
children (21). Also another two major prospective stu-
dies are ongoing in children: PANDA (Pediatric Anest-
hesia Neurodevelopment assessment Study) project is
a large, multi-center study based at the Morgan Stanley
Children’s Hospital of New York at Columbia Univer-
sity. The project aims to examine two groups of chil-
dren - those who have been exposed to anesthesia and
those who have not — and assess their neurodevelop-
ment and cognitive functions. The goal of the PANDA
project is to add to the body of knowledge surrounding
the important topic of the long term neurodevelopmen-
tal effects of anesthesia and surgery in infants and
young children (1).

The second study is GAS study which is a multisi-
te randomized controlled trial comparing neurodeve-
lopment outcomes in infant receiving general anesthe-
sia compared to spinal and other regional anesthetics to
the stress response to surgery (15).

The director of the Division of Anesthesia, Anal-
gesia and Addiction Products at FDA,Bob Rappaport
says “Our hope is that research funded through Smart
Tots will help us design the safest anesthetic regimens
possible” and “this research can potentially foster the

Sazetak

development of new and safer anesthetic drugs for use
in pediatric medicine” (21, 22).

Conclusion

The most of the mentioned studies found that a
procedure of anesthesia/surgery in children before 4
years old is possibly associated with later neurodeve-
lopmental deficits, especially multiple times of expo-
sure to anesthesia. Due to the limitation of retrospecti-
ve studies, prospective studies are needed to determine
whether the association between anesthesia/surgery
and neurodevelopmental deficits is causative.
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IzloZenost neonatusa, odoj¢adi i male dece opstoj
anesteziji postaje sve ¢e§ca pojava. Sakupljanje prekli-
nic¢kih podataka ukazuje da je izloZenost, ¢esto prime-
njivanim op§tim anesteticima, tokom klju¢nog perioda
za razvoj mozga u populaciji (izmedu kasnog gestacio-
nog period do 3-4 godine Zivota), moze dovesti do
apoptotskih neurodegenerativnih promena, gubitka si-
napsi 1 kognitivnih i neurobihevioralnih deficita, koji
ostaju prisutni i tokom sazrevanja organizma. Nova is-

trazivanja savetuju da odoj¢ad i mala deca, koja su
podvrgnuta operaciji, mogu da imaju bolji oporavak,
ako dobijaju regionalnu anesteziju pre nego ako su
uvedena u opstu anesteziju. Kao odgovor na ovaj prob-
lem, FDA (Food and drug administration) i /4ARS (In-
ternational Research Society in anesthesia) su zapoceli
kampanju nazvanu Smart Tots (Strategies for Mitigat-
ing Anesthesia- related neuro Toxicity in Tots), koja iz-
ucava efekte anestezije na razvoj mozga. Takode dve
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prospektivne studije su u toku: PANDA (Pediatric An-
esthesia Neurodevelopment assessment Study) proje-
kat je velika, multicentri¢na studija u Morgan Stanley
decjoj bolnici u Njujorku, na Kolumbija Univerzitetu i
jos§ jedna, GAS studija, koja uporeduje neuroloske raz-
vojne ishode kod odoj¢adi, koja su podvrgnuta opstoj
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