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HEMPOTOKCUYHOCTD, BbI3bIBAEMAS OBLLLUMU AHECTETUKAMMU Y AETEH
A.T. A. A. bon

MeauumnHckumn LLeHTp Paabypackoro YHuBepcuteTa, HuemereH, HuaepAaHabl

In a review of the current literature assesses the recently discovered phenomenon and the toxicity of anesthetics
in the developing child brain. The ways of diagnostics of morphological and functional abnormalities of brain activity
in children. Provides indisputable data on the possibility of this type of interactions taking into account the mechanism
of action of anesthetics. Comparative characteristics of strength toxic effects on children’s brain different types of
inhalation and non-inhalation anesthetics. There is a comparison of the degree of toxic impact on the brain at single
and repeated exposure of anesthesia. Emphasizes the lack of information and especially objective data visualization
of degenerative changes in children’s brain due to ethical constraints and the impossibility of obtaining samples for
biopsy. The conclusion about the appropriateness of expectant surgical tactics in the absence of urgent indications
for surgical intervention to 4 years of a child’s life. Also, our patients need more researches in this direction.

Key words: anesthesia, newborns, children, pediatric surgery, neurotoxicity, neurodegeneration, cognitive
disorders

B 0630pe naetcs oueHka HegaBHO 0OHapyXeHHOMY PeHOMEHY TOKCUYHOCTN aHECTEeTMKOB /151 pa3BMBalOLLLErOCS
netckoro mo3dra. OnpegensaoTcsa cnocobbl AMArHOCTUKN MOP@PODYHKLMOHANBHbLIX HAPYLUEHUA MO3rOBOW aKTUBHO-
cTny geten. NpuBoaaTCsS HEOCNOPUMbIE JaHHbIE O BO3MOXHOCTM Takoro Buaa B3aMMoO4eNCTBUM C YHETOM MEXaHN3-
Ma OenCcTBMSA aHECTETUKOB. [JaeTcsa cpaBHUTENbHAsA XapakTepPMCTUKA CUJbl TOKCUYECKOrO BO3LENCTBUSA HA AETCKUN
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MO3I Pa3fiNyHbIX BUAOB VHIANSAUVOHHbBIX 1 HEMHIANSALUMOHHbBIX aHECTETUKOB. [pomncxoanT cpaBHEHME CTENEHU TOK-
CMNYEeCcKOoro BO34eNCTBMSA HA rOIOBHOM MO3r Npv OLHOKPATHOM M HEOOHOKPATHOM BO34ENCTBUM aHecTe3unun. oa-
YyepkMBaETCs HeJOCTaTO4HOCTb MHPOPMALMN U 0COBEHHO 0ObLEKTMBHBLIX AAHHbIX BU3yann3aunmn aereHepaTuBHbIX
M3MEHEHUI B JETCKOM MO3re BCNeACTBUE STUHECKUX OrPaHNYEHUI, a Takke HEBOSMOXHOCTM Nosy4eHns o6pasLoB
ans éuoncun. lenaeTcs BbIBOA O LLEJIECO00Pa3HOCTM BbXMOATENbHON XNPYPrniyeCckon TakTUKN MPY OTCYTCTBUU 9KC-
TPEHHbIX MoKa3aHui K onepaTUBHOMY BMeLlaTeNbCTBY A0 4 neT xn3Hun peberHka. Kpome Toro, nogvyepkmBaeTcst He-
06X0AMMOCTb NPOBEAEHNS AaNlbHENLLMX NCCNEea0BaHNi B 3TOM HanpaBJ/iEHUN.

KnoyeBble crioBa: aHeCTe3Usl, HOBOPOXAEHHbLIE, AeTCKas XUpyprus, HENPOTOKCUYHOCTb, HenpoaereHepaLms,

KOrHUTUBHbIE PACCTPONCTBA

or a long time has it been thought that
Fproperly administered anesthesia with modern

clean drugs, delivered by properly trained
anesthesiologists, does not harm the patient. In
elderly patients an effect on memory was accounted
to occurring hypoxia and cholinergic side-effects of
too deep anesthesia. In children were until recently
no deleterious effects of anesthesia detected,
although the effects of maternal exposure to alcohol
and other consciousness altering medications on
the developing fetus are already well recognized
[1]. Similar to alcohol, most anesthetic agents act
via NMDA and GABA-A receptor mechanisms. Up
till today have more than 2000 studies on possible
neurotoxic effects of anesthetics and sedatives been
published. Almost all are animal studies, only few
involve patients. Nevertheless, there is now growing
concern that exposure to general anesthetics can
lead to subsequent learning impairment, memory
deficits and behavioral abnormalities in young
subjects.

Short review of the recent literature

It was already in 1953 suggested by Eckenhoff
that anesthesia may have adverse effects resulting
in personality changes in children [2]. There was no
further follow-up to this suggestion. However, since
approximately three decades has increasing experimental
evidence suggested an association between exposure
to anesthesia in early life and subsequent poor
neurodevelopmental outcome in animal species. In
1999 published lkonomidou et al. that ketamine in 7
days old rats caused widespread apoptotic brain cell
death [3]. Jevtovic-Todorovic et al. showed in 2003 that
a combined anesthetic of midazolam, nitrous oxide, and
isoflurane administered to a 7-day-old rat for 6 hours had
both an immediate and long-term neurodevelopmental
abnormalities [4]. Thereafter have numerous animal
studies demonstrated morphological and histological
changes as well as long-term cognitive impairment in
several animal models, including non-human prima-
tes. Multiple studies using non-human primates, have
demonstrated neuroapoptosis, as well as degeneration
of oligodendrocytes, neuroinflammation, and impairment
of both synaptogenesis and neurogenesis, these studies
have alarmingly demonstrated long-term neurocognitive
dysfunction i.e. learning and behavior disturbances [5].

These observations have raised substantial concerns
for human pediatric anesthesia practice [6, 7]. Despite
the overwhelming study outcome in the same direction
are many physicians reluctant to accept the conclusions.
In a number of editorials, letters to the editor and
commentaries has it, with all sorts of arguments been
stated that the observed outcome does not apply to
human. Differences in methodology between the various
studies, prolonged administration of anesthesia (hours
in rats supposedly equal weeks or months in man),
concentrations of anesthetic drugs beyond clinical used
doses, and many otherarguments were used. Discussions
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have arisen about the differences in vulnerability windows
between animals and man. Fear that patients and parents
become afraid of anesthesia and surgery, and probably
loss of income, appears to be the reasons for denial of
the outcome of the various animal studies.

That so far conclusive studies on anesthesia exposed
children have not been published does in my opinion not
mean that learning and behavior disturbances are not
present. It merely indicates that such studies in human are
extremely difficult, need large numbers, while for example
morphological changes cannot be proven because the
impossibility of taking brain biopsies. Furthermore, it
is impossible to separate the effects of the anesthetic
drugs from the effects of the operation, the procedure,
or the illness. Besides are most existing human studies
retrospective studies, and to be conclusive need a long
follow-up.

However, is it not surprising that the neurotoxic effects
did occur in all animal species tested, even in non-human
primates? Is it not surprising that also short duration
administration at low dosages caused similar effects? Is
it not surprising that not only inhalation anesthetics but
also intravenous agents have similar neurotoxic effects?
Studies with NMDA receptor antagonists such as nitrous
oxide and ketamine and with y-aminobutyric acid re-
ceptor (GABA) agonists, including isoflurane, propofol,
etomidate, halothane, benzodiazepines, and barbitu-
rates all had similar effects. Is it not surprising that the
receptors (GABA and NMDA) on which anesthetics have
their action, are also involved in the development of
the nervous system? Is it justifiable to suggest that the
biological development and function of the human brain
is different from the animal brain, and thus animal results
cannot be extrapolated to man?

Adverse neurologic effects of most currently clinically
used anesthetic agents were seen in species studied
ranging from worms and zebrafish to rodents, pigs, and
monkeys. Long duration, multiple agents, and repeated
exposures increased neurotoxicity. The histologic
evidence of brain cell death during development is
associated with long-term adverse effects on cognitive
function and behavior. Several reviews on the results of
animal studies have appeared.

In a metanalyses of the existing preclinical literature
concluded Disma et al. in 2015 that that anesthesia
exposure at early stages of life may impair normal
neurological development [8]. They suggested that
different mechanisms are associated with anesthesia
toxicity at different stages of brain development.
Neuroapoptosis, especially during the peak of
synaptogenesis (which appears to be the most vulnerable
period for anesthetic toxicity), has been related to
adverse cognitive outcomes. Anesthetic agents have
also been shown to be potent neuromodulators able
to affect the production of neurotrophic factors, and to
influence neuroplasticity; and this has led to proposals
that the paradigm of neurotoxicity should be shifted
into the concept of neuromodulation or neuroplasticity.
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Anesthetic agents are also known to influence
immunological factors, such as the production of pro- and
anti-inflammatory cytokines. Dose-dependency in the
toxic effect was demonstrated and differences in effect
between the inhalation anesthetics exist. Desflurane is
more detrimental than isoflurane which has more effect
than sevoflurane. Alsowith intravenous anesthetics exists
dose-dependency, but subclinical doses of ketamine
proved have a deleterious effect. Multiple anesthetics
enhance the toxicity, as do administration of mixtures of
anesthetics.

From the animal studies is it clear that brain suscepti-
bility of neurotoxicity is largest during drain developmen-
tal. This would, since human brain development contin-
ues from the third trimester through the first several years
of life, mean that children during pregnancy and until
approximately 4 years are vulnerable. The human infant
brain has growth peaks at postnatal week 1-2 and de-
clines to 25 % of peak at age 6 months.

A small number of clinical observational studies have
appeared in the literature. Although these observational
studies offer conflicting results and are confounded by
multiple factors, they suggest that some such children
may have deficits in learning and school performance [9].
For example, Ing et al. found in 2012 in a clinical study
that children exposed to anesthesia before age 3 had a
higher relative risk of language and abstract reasoning
deficits at age 10 than unexposed children [10].
Wilder et al in a 2009 retrospective study found that in
children under the age of 4 years, exposure to 2 or more
anesthetics or more than 120 minutes of anesthesia was
associated with a significant increased risk in learning
disability [11]. Kalkman et al. could not demonstrate
neurobehavioral disturbances in a retrospective study of
urology patients under 6 year of age [12]. Bartels et al. in
a study in monozygotic twins found that overall, children
exposed to general anesthesia before 3 years of age had
significantly lower educational achievement scores and
higher incidences of cognitive problems than children not
exposed to anesthesia. However twin pairs discordant
for anesthesia exposure revealed no differences in
cognitive development. DiMaggio et al. found in 2009
that children treated with inguinal hernia repair before
age 3 years were more than twice as likely as controls
to have a subsequent behavioral or developmental
diagnosis [13]. In a publication of 2011 DiMaggio et al.
described children who received general anesthesia
before age 3 years were approximately 1.9 times as likely
as controls to show subsequent language disability and
approximately 1.7 times as likely to show subsequent
cognitive disability even after a single anesthetic [14].
Hansen et al. found that children who underwent inguinal
hernia repair in the first year of life showed no significant
difference in subsequent mean test scores compared to
controls but they were slightly more likely not to achieve
normal scores [15]. Children with a history of multiple
exposures to general anesthesia before age 4 years were
in a study by Sprung et al. at significantly increased risk
for subsequent learning disability compared to those
with a history of single or no exposure [16]. Children with
a history of multiple exposures to general anesthesia
before age 2 years were at significantly increased
risk for subsequent learning disability [17]. The same
investigators found that the risk of subsequent learning
disability was significantly decreased in children born by
cesarean delivery using regional anesthesia but not in
those born by cesarean delivery using general anesthesia
or those born vaginally [18]. These retrospective studies
thus indicate associations between early exposure
to anesthesia and subsequent neurodevelopmental

deficits in children. Ing et al. studied in 2014 the effect
of anesthesia on children between 3 and 10 years of age
[19]. They concluded that children initially exposed to
anesthesia over age 3 did not have an increased risk of
neurodevelopmental deficits in language and abstract
reasoning at age 10. But an increased risk of motor deficit
was found in these children. The authors suggested that
there may be distinct windows of vulnerability for different
neurodevelopmental domains in children. Ing et al. found
in 2012 that there is an association between anesthesia
and neuropsychological outcome which may be confined
to specific domains. When exposed to anesthesia before
age 3 had an increased long-term risk of clinical deficit
in receptive and expressive language, as well as abstract
reasoning. Children who only had a single exposure to
anesthesiaalsohadanincreasedrisk of deficitinreceptive
language and abstract reasoning. In another publication
in 2016 did Ing et al. state that children exposed to
anesthesia and surgery before age 3 will show deficits
primarily in language and cognition, but that behavioral
deficits are not associated with exposure [20]. In 2014
reviewed Davis et al. the published literature on possible
differences between general anesthesia and regional
anesthesia in the development of cognitive disorders
when administered at young age [21]. They concluded
that the available studies did not allow to decide that such
a difference exists nor that either techniques result in
cognitive dysfunctions. However, Wagner etal. inthe same
journal issue stated that because of its overwhelming
complexity, brain development has many possible points
of vulnerability to toxic exposures, and that it appears that
anesthetic agents could disrupt circuit formation through
several discrete mechanisms, none of which are mutually
exclusive [22]. Lei et al. concluded from reviewing the
existing literature and summarizing the presentations at
the Fourth Pediatric Anesthesia Neuro Developmental
Assessment (PANDA) symposium in 2014) that general
anesthetics in children cause serious concern regarding
their deleterious long-term effects on brain development
and neuronal plasticity [23]. Sun et al. found in 2016 that
children exposed one time to general anesthesia at age of
3 years did not show neurodevelopmental deficits at age
4-5 years [24]. Diaz et al found in 2016 that cumulative
exposure to volatile anesthetics in children below age 5
was associated with poor neurodevelopment in children
with hypo plastic left heart syndrome [25]. Green et al.
published in 2015 a study on histopathological changes
in brains of children was died after exposure to inhalation
anesthetics [26]. They found histological changes that
were not observed in the brains of children died without
exposure to anesthesia. In summary, the human literature
is controversial as to whether anesthesia in infancy
causes cognitive problems later in life. Furthermore, it
is unclear what the period of vulnerability to anesthetic
neurotoxicity is.

Some other factors involved in neurotoxic phe-
nomena in neonates

Data from animal studies has also shown that untrea-
ted painful experiences early in life are associated with
neuroplastic changes in the central nervous system that
result in hyperalgesic responses to noxious stimuli later
in life. Unattended pain can also provoke apoptosis in the
developing rat brain, particularly in the thalamus, hypo-
thalamus and amygdala, with subsequent impairment
in neurodevelopment and memory. Such reactions have
proven to be mitigated by administration of anesthetics
[27]. Therefore could surgical stimulation theoretically
balance the anesthetic injury or surgery could exacer-
bate the neural injury. Such effects are not involved in
most animal studies where only anesthesia, but nor sur-
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gical stimulation was applied. Neuroinflammation can re-
sult from surgery and can lead to cognitive changes [28].
It has been demonstrated that it can cause persistent
changes in affective behavior in rats. Neonatal anaesthe-
sia is also complicated by physiological and pathological
derangements that can contribute to neurological injury.
Possible factors involved are cerebral hypoperfusion, hy-
potension, hypoxia/hyperoxia, hypercarbia/hypocarbia,
metabolic derangements (glucose), hypothermia, and
coexisting disease.

One of the confounders that is difficult to include in
the studies is the severity and development of the ori-
ginal disease and the fact of hospitalization. It might well
be that the disorder that needs to be operated is a major
factor, however, such disorders does not exist in the ani-
mal studies.

Conclusions. From the consistency in outcome of
animal studies must it be concluded that even single
exposure to general anesthetics during periods of
brain development is harmful in animals. This not only
occurs at long duration and high dosing exposures but
also at clinically relevant duration and dosing. In my
opinion are the facts from the numerous animal studies
a strong suggestion that neurotoxicity will also occur in
children which are anesthetized during the vulnerable
period of development of the nervous system. That
clinical studies so far only have rather weak indications
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In the review consider of questions about research activities, including publications of clinical research in pediatric

surgery and pediatric urology. In most cases requires a multidisciplinary cooperation, which results in dramatic increase
in the number of authors in an article. The International Committee of Medical Journal Editors (ICMJE) includes
suggestions and recommendations for co-author. Also in the article bring to conformity with collective-authorship as
possibility to getting of the result of the multinational and interdisciplinary medical care.

Key words: clinical research, ICMJE, pediatric surgery, multidisciplinary cooperation

B 0630pe paccmMaTpuBaloTCs BOMPOCHI HAYYHO-MCCEN0BATENLCKOW AEATENBHOCTU, B TOM Yucne nybnavkaumm
pPe3ynbTaTOB KIIMHUYECKMX UCCNeaoBaHni B 061acTn AeTCKOM XMpyprm n yponorum. B paboTte oTmevaeTcs, 4To 1cC-
NMoJIb30BaHME MYNbTUANCLUMNANHAPHOIO COTPYAHNYECTBA BEAET K PE3KOMY YBEIMYEHMIO YMCIIa COABTOPOB B HAYYHbIX
ctatbax. [puBoaarcsa pekomeHgaumm MexayHapoaHoro KOMMTeTa pefakTtopoB MegnumHCkmx xypHanos (ICMJE) no
KOJINYECTBY COABTOPOB U HAMMCAHUIO HAY4YHbIX CTaTe, KOTOPble COOTBETCTBYIOT MUPOBLIM TpeboBaHuaM. Kpome
TOro, ykasaHbl aHHbIe N0 MEXANCLUMMIMHAPHOMY COaBTOPCTBY B UCC/IEA0BaHUSAX Kak BO3MOXHOCTb Ny6nnkaunm Ha-

YYHbIX PE3YIbTATOB B PENTUHIOBbLIX MEANLIMHCKNX XXypHanax.

KnoueBbie c/1o0Ba: KnnHndeckmne nceaenosanuvs, ICMJE, netTckasi Xxmpyprvsi, MHOrornpoouibHoOe COTPYAHNYECTBO

Objective

To determine how many authors should be included in
a medical article and to attempt to find an answer to this
widely disputed debate.

Background

The medical community is no exception to the world
of financial interest and success-oriented professions.
The professional progress, the resulting material and
moral benefit depend on a number of factors, all of which
are easily measurable in the publishing activity (1).

After graduating from the medical school, those young
doctors have great advantages who were involved in under-
graduate scientific works, attending student conferences,
giving presentations and achieving awards, or joined a re-
search groups of an institute and featured as a co-author in
an article. These doctors continue to remain ahead of con-

temporary colleagues whom have shorter scientific CV. Af-
ter graduating, colleagues with publications are more likely
to receive scholarships, academic grant, more often take
partin national and international congresses, acquire a PhD
degree and faster progress through the professional ladder.

In the USA the candidates entered paediatric surgery
residency programme had twice as much publications as
those who were not recruited [2]. Doctors must have ge-
neral (adult) surgery specialty before entering paediatric
surgery programme.

In addition, the employer (academic institutions, na-
tional institutions, clinics, hospitals) expects its employees
to have more publications and achieve higher academic
qualifications. For the employ this is not only a prestige
matter, but also a financial issue, as the institution budget is
based on its scientific achievements. The aforementioned
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