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Aim. Based on publications dedicated to anesthetic management for surgery of children with
brain neoplasms we aimed to reveal and summarize the specific features of anesthesia of such
patients. Materials and Methods. We performed a systematic review and processed the
information from Russian and foreign literature published in 2001-2016. The analysis included
patients younger than 18 who had undergone surgical procedures due to brain tumor. Results.
The conducted analysis allowed us to classify surgical interventions into three main categories
(shunt surgery, open surgery, neuroendoscopy) and to determine category-specific features of
anesthetic management. The analysis results also made it possible to describe the algorithms
of preoperative preparation, recovery stage, and early postoperative period for anesthesiologist.
Conclusion. The review has shown that brain tumor surgery is one of the most complicated
operations requiring a well-coordinated teamwork. Anesthesiologist has not only to be especially
well-trained and skilled, but to cooperate closely with neurosurgeon, which may be even more
critical. Psychological, ethical, and professional aspects of such cooperation are a subject of

further detailed research.
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Introduction

Brain neoplasms in children represent 15 %
to 20 % of all tumors in pediatric oncology being
the most frequent pathology after leucosis
(25-30 %) [1]. Medulloblastomas are the most
common type of pediatric brain tumors. Their
symptoms are mainly due to increased intrac-
ranial pressure [2].

Even benign brain tumors in children tend to
be rapidly growing, to adhere to the adjacent
structures, to compress tissues, and to disturb or
even stop the blood supply of cerebral regions.
This causes transient or persistent malfunctions
of affected cerebral structures (the brain stem,
tentorium, ventricles, or optic chiasm):

* motor disturbances;

* sensitivity defects;

* disturbed coordination;

* hearing or vision impairments;

* malfunctioning of some body systems
(respiratory, cardiovascular) or ingestion;

* mental disorders.

Brain tumor surgery is the only radical
treatment. For that reason it is necessary to con-
sider all nuances of anesthetic management for
these operations, which requires understanding
the anatomic and physiological differences be-
tween the child’s and adult’s bodies, individual

traits of each patient, and the expected volume of
surgical intervention [3].

Materials and Methods

We performed a systematic review and pro-
cessed the information from Russian and fo-
reign literature published in 2001-2016. The ana-
lysis included patients younger than 18 who
had undergone surgical procedures due to brain
tumor.

Anatomic and physiological features

of the child’s body

As the child’s body is still developing after
birth there are several anatomic and physiological
features to be considered by anesthesiologist
while planning and implementing anesthetic
management. Most often, only special equipment
and methods of anesthesia are appropriate for
surgery in children [4].

Physiological features

® Cardiac output to a large extent depends
on heart rate (HR).

® HR is higher than in adults.

* Blood pressure (BP) is lower than in adults.
* Respiration rate is higher than in adults.

* Lung compliance is lower than in adults.

® Thoracic compliance is higher than in adults.

¢ Functional residual capacity (FRC) is lower
than in adults.
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® Body surface area / body weight ratio is
higher than in adults.

¢ Total water level is higher than in adults.
Anatomic features

® Very low left ventricular compliance.

® Residual fetal circulation (in neonates).

¢ Difficult arterial and venous catheterization.

¢ Large head and tongue.

® Narrow nasal passages.

® More cranial and ventral position of the la-
rynx.

* Long epiglottic cartilage.

¢ Short trachea and neck.

* Protruding adenoids and tonsils.

® Weak diaphragm and intercostal muscles.

* High airway resistance.
Pharmacologic features

* Immature mechanisms of hepatic biotrans-
formation.

* Low binding capacity of proteins.
* Fast induction of anesthesia and emergence.

® Increased minimum alveolar concentration
(MAC) of inhalational anesthetics.

® Increased volume of distribution for water-
soluble drugs.

* Immature neuromuscular junction.

These features determine the specifics of
strategy and techniques of anesthetic management,
which is true for surgery of any volume and dura-
tion [4].

Features of anesthesia in pediatrics

Preoperative period

Talking to patient: Pediatric anesthesiolo-
gist’s mastery starts from the skill of talking to
a little patient before the surgery. Based on the
age, past medical experience and psychological
maturity, the child feels a certain fear of the up-
coming operation [5]. While most adults are
obsessed by thoughts of death, children are ge-
nerally scared of pain and separation from pa-
rents. It may take a lot of time to calm down
the frightened child, so the anesthesiologists has
to give an understandable explanation of what
the child has to face during the operation and
anesthesia.

Premedication: There are many recommen-
dations on premedication in children. Premedica-
tion is often omitted in newborns and infants.
The exception is neonates and infants with con-
genital heart disorders who may be administered

morphine sulfate (0.1 mg/kg IM) which prevents
them from crying and, thus, precludes increased
oxygen consumption, pulmonary hypertension,
and cyanotic episodes. Anticholinergic drugs
(for example, atropine — 0.01-0.02 mg/kg) are
sometimes used before operation to decrease
the risk of bradycardia and to prevent the exces-
sive accumulation of secretion in airway which
may be life-threatening due to small diameters of
airway and endotracheal tube [6]. Accumulation
of secretion is especially massive at concurrent
upper respiratory tract infection or ketamine ad-
ministration. Atropine is usually introduced IM,
but oral or rectal administration is also possible.
Atropine may also be introduced IV immediately
before induction of anesthesia.

If after separation from parents from parents
the child is more than likely to suffer agitation,
then sedative drugs should be included in seda-
tion. Several current research works are dedicated
to oral premedication with sedative drugs com-
bined with a small amount of some flavored
drink; among the examples there are ketamine
(6 mg/kg), midazolam (0.5 mg/kg), and chloral
hydrate (50-100 mg/kg) [3, 4]. Intranasal admi-
nistration of ketamine, midazolam, or sufentanil
is also effective.

Induction of anesthesia

Anesthesia in children is induced either via
IV catheter, or using inhalational anesthetics. In-
tramuscular induction of anesthesia (e.g., keta-
mine, 5-10 mg/kg) is recommended only in par-
ticular cases — for instance, in resisting agitated
children. IV induction is better to be conducted
in children taken to the operating room with
IV catheter or in children who are quite commu-
nicative and bear well vein puncture or cathe-
terization. The pattern normally used in adults is
generally applicable: quick-acting barbiturate (e.g.,
thiopental — 3 mg/kg in newborns and 6 mg/kg in
infants and older children) combined with non-
depolarizing muscle relaxant [7]. Thiopental may
be replaced with propofol (1.5-2.5 mg/kg) which
better suppresses hypertensive response to en-
dotracheal intubation, facilitates the postoperative
emergence, and decrease the incidence of pos-
toperative nausea and emesis [8]. There several
advantages of IV induction of anesthesia over
other methods: most anesthesiologists are well
familiar with this technique; the method provides
vascular access, so necessary drugs may be ad-
ministered IV in case of emergency; fast induc-
tion is essential if risks of aspiration are high.

Most children are admitted to the operating
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room without IV catheter, and they are generally
scared of injections. EMLA cream being prelimi-
nary applied on the site of venipuncture relieves
pain and, thus, significantly decreases possible
stress for a child, parents, and anesthesiologist.
However, EMLA is not such a perfect and trou-
ble-free solution. Many children, especially those
who were subjected to venipuncture a lot of time
become very agitated at the sight of needle. Be-
sides, it is difficult to tell beforehand where the
site of successful vein catheterization will be lo-
cated. Finally, EMLA should be spread on skin
not later than 1 hour before venipuncture.

Modern powerful inhalational anesthetics al-
low anesthesiologist to turn the child unconscious
in a few minutes. It is much more easy in chil-
dren admitted to the operating room after admini-
stration of sedative drugs; their consciousness is
already depressed, so they do not realize what is
happening (unnoticeable induction of anesthesia).

First, the child is administered the odorless
breathing mixture. Then breathing gas is supple-
mented with halothane [9, 10] or other inhala-
tional anesthetic gradually increasing the concen-
tration by 0.5 % every 3-5 inhales [11]. Desflu-
rane and isoflurane have a stronger and more
unpleasant smell than halothane and sevoflurane,
and their application for induction is more likely
to be associated with coughing, breath holding,
and laryngospasm [12, 13]. When the patient
turns unconscious the anesthetist catheterizes
the vein and administers muscle relaxant.

Endotracheal intubation is also possible
without muscle relaxant administration, though it
requires much deeper anesthesia obtained by
a gradual increase of inhalational anesthetic con-
centration. However, the absence of vascular ac-
cess critical in the case of severe circulatory de-
pression or laryngospasm is a grave disadvantage
of this method. Laryngospasm occurring before
catheterization should be treated by the IV ad-
ministration of succinylcholine (4-6 mg/kg, but
150 mg max), and bradycardia is treated by the
IM administration of atropine (0.02 mg/kg, 0.4 mg
max) [14].

Maintenance of anesthesia

Anesthesia in children is maintained using
the same anesthetics as in adults. Though in chil-
dren MAC is higher than in adults, newborns are
very sensitive to cardiodepressive effects of ge-
neral anesthetics. During surgery non-depolarizing
muscle relaxants are normally used [15].

Emergence and recovery

The most common postoperative complica-

tions in children include laryngospasm and
postintubation croup. Postoperative pain in chil-
dren should be managed with the same intensity
as in adults.

Laryngospasm is a strong involuntary spasm
of laryngeal muscles due to irritation of the supe-
rior laryngeal nerve. Generally, laryngospasm
may be avoided by extubation either after emer-
gence (spontaneous eye opening), or during deep
anesthesia (spontaneous breathing, no cough).
Each method has its adherents. Extubation in the
period between these two conditions is dange-
rous. Laryngospasm management implies a deli-
cate mask ventilation, mandibular advancement,
lidocaine IV (1-1.5 mg/kg), small doses of ro-
curonium IV (0.4 mg/kg), and, finally, forced
ventilation. If the vascular access is not obtained
or the listed measures are ineffective, succinyl-
choline IM administration (4-6 mg/kg) is rec-
ommended [12, 16]. Laryngospasm tends to oc-
cur immediately after the surgery, but may also
happen in postanesthesia care unit when the pa-
tient emerges and chokes due to accumulation of
mucus in the larynx.

For that reason, children in postanesthesia
unit are normally placed in a lateral position, so
secretion is accumulated in the mouth and leaks
outside and not towards the vocal folds. When
the child regains consciousness in this position it
is more comfortable and convenient for him/her
to look at the parents sitting at the bedside.

Postintubation croup is associated with la-
ryngeal or tracheal edema. The narrowest airway
segment in children is the cricoid ring, and edema
in this location is the most frequent cause of ob-
struction. If endotracheal tube is uncuffed and
due to its size at the airway pressure increase to
10-25 mmH2O0 there was a small breathing mix-
ture leakage then croup risk is small. Postintuba-
tion croup risk factors include age of 1-4, multiple
intubation attempts, too thick endotracheal tube,
long-term surgical interventions, head and neck
surgery, and excessive tube shifts in the trachea
(for example, due to coughing or head movements
before extubation). Edema prevention: dexmetha-
sone (0.1-0.5 mg/kg 1V). Management: racemic
epinephrine inhalation (0.5 mL of 2.25 % solu-
tion in 2.5 mL of normal saline). Though postin-
tubation croup is believed to be a later complica-
tion than laryngospasm it more than often occurs
in 3 hours after extubation [4, 5].

Postoperative pain management in children
has become a subject of focus recently. Particu-
larly, the usage of nerve block to manage pain is
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being discussed. Another promising technique is
patient-controlled analgesia which may be effec-
tive in children older than 6 years of age depen-
ding on their development and preoperative
preparation [15].

Surgery types and preoperative

preparation

All brain tumor surgery may be classified
into three groups according to volume and spe-
cifics of surgery [1-3, 10, 15]:

1. Eradication of tumor (total or within visual
field).

2. Partial removal.

3. Palliative surgery (ventricular drain in-
sertion or decompressive craniectomy) [3].

Besides, in some cases children have to un-
dergo the two-stage removal of tumor with
1-3-month period between the procedures.

These variants of surgery cause different
traumatization and have different duration, but all
of them are a challenge for anesthesiologist.

Based on the objectives of this review, it is
more appropriate to classify the surgery under
consideration into groups according to surgical
modalities:

1. Shunt surgery.

2. Open surgery.

3. Neuroendoscopy.

Appropriate preoperative assessment and
preparation does not only decreases risks related
to the surgery itself and reduces possible critical
situations during anesthetic management, but also
helps patient in bearing both operation and post-
operative period.

In children with brain tumors preoperative
preparation is aimed at moderate dehydration and
decrease of intracranial pressure (ICP), which
reduces symptomatology and facilitates anes-
thetic management and surgery [17]. Such pa-
tients should be observed in neurosurgery de-
partment and immediately transferred to intensive
care unit if their condition deteriorates.

Children with extensional brain neoplasms
should not also be premedicated with sedative
drugs as it may cause respiratory depression.

Anesthetic considerations

for shunt placement or revision

The standard drainage procedure implies
catheter insertion into one of cerebral cavities.

Anesthetic management for shunt surgery
should consider the following:

» Subcutaneous shunt conduction is quite
painful, so before the procedure the patient should
be administered fentanyl IV (0.5 pg/kg) [8].

* During the surgery small children may be
almost naked, so other parts of the body should
be covered and warmed by the air [18]. The pa-
tient should never be exposed to cold.

* Shunt conduction may damage most of ad-
jacent structures including the liver, pleura and
lungs, neck vessels and nerves, and posterior cra-
nial fossa [19].

* Anesthetist should make sure that the pa-
tient’s condition in early postoperative period is
not worse than before surgery. If condition dete-
rioration is suspected the patient should be trans-
ferred to intensive care unit for further observa-
tion until the condition is stabilized.

Preoperative assessment and preparation in
patients with hydrocephaly:

* Irrespective of clinical presentation it is
accepted that ICP is increased in all patients re-
quiring shunt surgery. In some patients ICP will
be decreased while in others it may be normal.

* Neurological status should be appropriately
assessed, i.e. according to the Glasgow Coma
Scale, as well as lateralization signs, pupillary
responses and reflexes.

* Many patients later have to undergo shunt
revision, and it should be kept in mind that their
condition may differ from the previous one.

* The cases when immediate drainage is re-
quired are considered a genuine emergency, and
no delay due to excessive examinations is per-
missible.

Intraoperative problems in shunt surgery:

» Appropriate analgesia is necessary for cra-
niectomy and especially for conduction of subcu-
taneous shunt guide.

* IV bolus injection of short-acting opioids
such as fentanyl is possible.

* Intravenous and inhalational anesthesia is
equally acceptable.

* Local anesthesia is used on the site of ab-
dominal wall incision (at ventricular or lumbo-
peritoneal shunting) to decrease the demand for
painkillers in postoperative period.

* Surgery itself takes quite little time, and the
experienced surgeon will deal with uncompli-
cated case for less than 30 minutes.

In infants and younger children:

* Anesthesia is based on the principles of
anesthetic management for neurosurgery on small
children.

» At subcutaneous conduction catheter may
squeezes the chest in infants interfering with its
normal movements. This stage should be reduced
as much as possible.
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Monitoring:
Special methods for monitoring in the de-

scribed surgery are normally not applied, and
control of general indicators is sufficient.

Postoperative period after shunt surgery:

» Complications after shunt surgery are rare,
and patients with complications may be returned to
neurosurgery unit immediately after the operation.

» Whenever any recovery problems occur the
patient is assessed in order to detect the reasons
of neurological deterioration (i.e., bleeding or
convulsions) or disturbed shunt position.

* Light analgesia is usually sufficient; however
some patients feel a significant paint after opera-
tion, mostly at subcutaneous tunneling, which
may require the usage of strong opioids.

* External ventricular drainage is blocked or,
more often, attached to manometer and draining
system. Zero point is set at the level of acoustic
duct. Drainage pressure is usually within the
range of 50-150 mm H,O0.

Anesthetic considerations for open surgery

Main principles of neuroanesthesia are ap-
plicable in pediatrics.

Anesthetic management is aimed to provide
optimal brain perfusion, appropriate surgical ac-
cess and working mode [4, 15, 19].

* Premedication with sedative drugs is ge-
nerally avoided due to risks of respiratory depres-
sion, hypercapnia, and potentially negative effect
on ICP and airway patency.

» At high ICP it is recommended to use in-
travenous induction with intubation and ventila-
tion maintaining at the lower limit of normal.

* At incomplete gastric emptying and risk of
aspiration fast sequential induction and pressure
in the cricoid may be applied.

Venous access may be only obtained if many
factors are considered, and one of the main is the
child’s readiness to engage with anesthetists.
Normally, the first procedure is fast induction
with inhalational anesthetic followed by peri-
pheral vein puncture and catheterization.

* At prone position of a patient, reinforced
tubes are used; the tubes are stabilized with the
help of pharynx tampons soaking in the secretion.
At supine position, the possible alternative is
a special RAE tube. Nasotracheal intubation
is recommended in infants and children if inter-
mittent positive pressure ventilation is planned
after the surgery [2, 18].

* The child should be kept warm during the
whole operation and positioning on the operating
table; forced-air warming device is normally used.

» Large-diameter catheter should be inserted
as there is a risk of unexpected bleeding.

* Nasogastric tube is generally used for in-
duction of anesthesia during surgery for posterior
fossa tumors in order to manage possible swal-
lowing problems.

* Scope of stimulation depends on the stage
of operation. Bridge or fixture placement is as
painful as skin incision, shift of epicranial
aponeurosis, and wound closure. Well-timed lo-
cal anesthesia or systemic analgesia is necessary
to prevent hypertension and exacerbation of brain
edema. The following measures may be used:

— Local anesthesia of head skin after induc-
tion preserves stable functioning of the cardio-
vascular system.

— Local infiltration of head skin with anes-
thetics performed by surgeons is widely used.

* Most neurosurgery is performed with mini-
mal blood loss. However, there is always a risk of
fast unexpected hemorrhage, which means that
a large-diameter venous catheter should be in-
serted [20]. Besides, the circulating blood volume
in children is lower than in adults, and even in-
significant blood loss badly affects the hemody-
namics in pediatric patients. In order to prevent
and manage such condition the operating room
should be supplemented with compatible packed
red blood cells ready for transfusion. The ade-
quate evaluation of blood loss volume may be
also complicated as blood is soaked by surgery
garb and mixed with irrigating solutions [21].

Along with that, the excessive infusion of
crystalloid solutions should be avoided as it may
aggravate brain edema. At the same time, if os-
motic diuretics are used in increased ICP ma-
nagement it is more difficult to calculate the re-
quired volume of infusion.

* Water depletion increases risks of hypo-
volemia and hypotension, so bolus injection of
colloid solutions may be needed.

* Surgical procedures or decompression near
(or involving) the brain stem or forth cavity may
cause grave cardiovascular disorders, such as bra-
dycardia, hypo- and hypertenstion, or arrhythmia.

It is almost impossible to take any precau-
tions. The close cooperation between the anesthe-
siologist and surgeon is critical both for preven-
tion of potential disorders, and for interruption of
dissection if it is possible. If cardiovascular dys-
function is still preserved after the procedure has
been stopped it indicates the serious neurological
injury. After the operation such patients should
be observed in intensive care unit.
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Postoperative period

* Anesthesiologist should focus on the smooth
emergence.

» Before emergence the patient should be
administered antiemetics, pain relievers, and
agents recovering neuromuscular conduction.

* The choice of pain reliever depends on the
child’s age, surgery duration, and preoperative
conditions; the following moments should be
considered:

— In early preoperative period paracetamol
IV or short-acting opioids are used.

— Opioid analgesia is recommended after
craniectomy or resection craniotomy [3]. Further
bolus dose are specified and administered at emer-
gence and in recovery period.

— Opioid analgesia may be continued as a pa-
tient-controlled analgesia, nurse-controlled anal-
gesia, or orally in dependence on local protocols
and monitoring of analgesia. Usually opioid
analgesia may be stopped in 16-23 hours after
the surgery and replaced with light oral painkil-
lers. Exact recommendations on painkillers vary.

Monitoring for anesthesia in children

with intracranial tumors

Traditional monitoring methods are supple-
mented with:

* Arterial catheterization for invasive pres-
sure monitoring and perioperative arterial blood
sampling.

* Body temperature monitoring.

* Bladder catheterization both for diuresis
monitoring and for prevention of bladder disten-
tion at a long-term operation.

» Esophageal stethoscopes in infants and
younger children, especially at a high risk of ve-
nous air embolism.

* Central venous pressure monitoring is not
a routine method, but it should be used at a high
risk of air embolism, estimated vast blood loss,
or instability of the cardiovascular system.

* If blood loss is significant the frequent as-
sessment of hemoglobin levels and blood coagu-
lation system state is necessary.

Anesthetic considerations

for neuroendoscopy

Shunt surgery and tumor biopsy sampling
may involve neuroendoscopic techniques. Neuro-
endoscopic surgery uses rigid, semiflexible, or
flexible endoscopes introduced into the skull
cavity via trephine opening and then into brain
cavity system via the brain parenchyma [19, 22].
Operations are conducted in the areas accessible
via brain cavity system.

Preoperative assessment:

* Standard principles of evaluation before
neurosurgery in children are applied.

* As in other surgery with a long-term intrac-
ranial hypertension the patients may suffer from
undernutrition and dehydration.

» Symptoms of increased ICP or visual signs
of tumor-induced mass-effect should make the
anesthesiologist more attentive during the sur-
gery, as they may be associated with instable car-
diac activity caused by sudden changes in pres-
sure between intracranial regions. Standard prin-
ciples of neuroanesthesia are applied:

* If endoscopic ventriculostomy of the third
cavity is prior to the formal examination of the
posterior fossa then the appropriate anesthetic
technique is used based on the situation and sur-
gery plan.

* Intraoperative instability of the cardiovas-
cular system, especially bradycardia, is mainly
surgery-related and associated with excessive
irrigation or diathermia-induced blockage of fluid
output near sensitive areas.

* Intraoperative analgesia may involve fen-
tanyl [8].

* In postoperative period, light oral analgesia
may be sufficient [23]. However, it is strongly
recommended to observe the patient in intensive
care unit, at least during the first day after
the surgery.

Monitoring:

The standard set of monitoring means and
indicators is believed to be sufficient.

Emergence and early postoperative period

The emergence site (operating room or in-
tensive care unit) is decided by anesthesiologist
only [24, 25]. The following factors should be
considered:

* Patient’s condition before the surgery.

* Volume of the surgery.

* Intraoperative complications.

* Any problems during the anesthetic man-
agement [25].

 Patient’s readiness for emergence (drug-
induced depression, neuromuscular block, and
spontaneous breathing) [26].

Emergence in the operating room

is recommended when:

* Patient’s condition before the surgery was
good, without any significant disorders or abnor-
malities [27].

* Volume of the surgery was small.

* Both surgery itself and anesthetic manage-
ment were uncomplicated [28].

48

Human. Sport. Medicine
2016, vol. 16, no. 4, pp. 43-53



Hukugbopoea C.C., Slkoesies A. /.

Cneyugpuka npoeedeHusi aHecme3uu y demel

pu oryxoJsisix 20J71086HO20 Mo3e2a. cucmemHbIl 0630p

+ Stable spontaneous respiration and signs of
emergence are observed [29]:

— BIS-monitor indicators showing the activa-
tion of nervous system;

— papillary reflex;

— coughing reflex;

— response to stimuli.

Emergence in intensive care unit

is recommended when:

* Patient’s condition before the surgery was
critical [30]:

— impairment of consciousness;

— motor dysfunction;

— instable indicators of hemodynamics;

— disturbances of water-electrolytic balance
induced by emesis, dehydration etc.

* Volume of surgery was significant (i.e.,
eradication of tumor).

* There was a vast intraoperative blood loss.

* Vital indicators (HR, BP, SpO2) are criti-
cally changed [31].

* Neurovegetative protection is necessary —
particularly, due to large volume of the surgery or
possible episodes of hypoxia during the anes-
thetic management [32].

All pediatric patients subjected to brain tumor
surgery should be admitted to intensive care unit
in early postoperative period (for 1 day minimum).

The observation is essential mainly because
the central nervous system in children is still im-
mature, so it may have an inadequate response to
ICP changes, which in its turn may cause im-
pairment of consciousness, respiratory and vaso-
motor depression, or malfunction of the central
regulation of body systems and organs [33].

The following management is recommended

in the conditions of intensive care unit:

* analgesia (methods and medicines are cho-
sen in dependence on the patient’s individual fea-
tures);

* fluid therapy for correction of water-elect-
rolytic balance and prevention of hypovolemia;

* brain edema preventing therapy involving
hormones (prednisolone etc.);

* supportive care;

* antibacterial therapy (if needed) [34].

Conclusion

In last fifteen years the scope and assortment
of new features of neurosurgery has grown — both
in diagnosis and treatment. However, brain tu-
mors are still considered a difficult entity encoun-
tered in clinical practice, especially in children.

For that reason, this pathology requires

a careful attention of all specialists engaged in
treatment. Brain tumor surgery is a true challenge
for the whole operating team including neurosur-
geons and anesthetists. Skilled anesthesiologist
should not only take into account all the indi-
vidual features of the certain patient, but also
predict and prevent potential complications as
soon as possible.

Cooperation of neurosurgeon and anesthe-
siologist is also a critical factor. If they are ready
and able to cooperate, and if their collaboration is
successful, the surgery outcome is very gratifying.
However, more detailed research is required to
reveal and assess all the psychological, ethical,
and professional aspects of such cooperation.

References

1. Reddy G., Hansen D., Patel A. Treatment
Options for Pediatric Craniopharyngioma. Surg.
Neur. Int., 2016, vol.7, pp. S174-S178. DOI:
10.4103/2152-7806.178570

2. Martirosian V., Chen T.C., Lin M. Me-
dulloblastoma Initiation and Spread: Where Neu-
rodevelopment, Microenvironment and Cancer
Cross Pathways. J. Neuros. Res., 2016, vol. 94,
no. 12, pp. 1511-1519. DOI: 10.1002/jnr.23917

3. Ashour A.M., Elbabaa S.K., Caputy A.J.
Navigation-Guided Endoscopic Intraventricular
Injectable Tumor Model: Cadaveric Tumor
Resection Model for Neurosurgical Training.
World Neurosurg., 2016, vol. 96, pp.261-266.
DOI: 10.1016/j.wneu.2016.04.048

4. Morgan G.E., Mikhail M.S., Butter-
worth J.F., Mackey D.C., Wasnick J.D. Clinical
Anesthesiology. United States, McGraw-Hill Publ.,
2008. 1392 p.

5. Bunyatyan A.A., Mizikov M.V. Anes-
teziologiya: natsionalnoe rukovodstvo [Anesthe-
siology. National Guideline]. Moscow, GEOTAR-
Media Publ., 2011. 1104 p.

6. Robinson N., Hall D. The Anesthesio-
logy of Sine Qua Non — as to the Anesthe-
siologist to Survive Most and to Keep Life to the
Patient. Moscow, BINOM, 2008. 224 p.

7. Liao R., Liu J. Volatile Induction/Main-
tenance Anesthesia with Sevoflurane Increases
Lumbar Cerebrospinal Fluid Pressure and Jugular
Venous Oxygen Saturation in Patients Under-
going Craniotomy. Eur. J. Anaesth., 2009, vol. 26,
101 p.

8. Peterson K.D., Landsfeuldt U., Cold E.G.
Intracranial Pressure and Cerebral Haemody-
namics in Patients with Cerebral Tumors: a Ran-
domized Prospective Study of Patients Subjected

Yenosek. Cnopt. MeguuuHa
2016. T. 16, Ne 4. C. 43-53

49



KnnHunyeckas m JKCcnepunmeHTanbHasa megmunHa

to Craniotomy in Propofol-Fentanyl, Isoflurane-
Fentanyl and Sevoflurane-Fentanyl Anaesthesia.
Anesth., 2003, vol. 98, pp.329-336. DOI:
10.1097/00000542-200302000-00010

9. Kuka P.J., Bressem M., Tryba M. Cloni-
dine Prevents Sevoflurane-Induced Agitation in
Children. Anest. Analg., 2001, vol. 93, pp. 335-338.

10. Mikhelson V.A., Grebennikov V.A. Dets-
kaya anesteziologiya i reanimatologiya [Pediatric
Anesthesiology and Reanimatology]. Moscow,
Medicine Publ., 2001. 480 p.

11. Moppett 1. Inhalational Anaesthetics.
Anaesth. Int. Care Med., 2015, vol. 16, no. 12,
pp- 641-646. DOI: 10.1016/j.mpaic.2015.09.006

12. Hsiao H.T., Yang L.C., Yu S.W. Laryn-
geal Mask Airway with Inhalational Induction and
Maintenance of Sevoflurane Anesthesia and Pro-
phylactic Dexamethasone for Outpatient Surgery.
Eur. J. Anesth., 2009, vol. 26, no. 3, pp. 264-266.
DOI: 10.1097/EJA.0b013e32831a465f

13. Tanko B., Molnar C., Budi T. Are Sur-
geons at Risk for Increased Exposure to Volatile
Sevoflurane during Intracranial Surgery Com-
pared with Anaesthetist? Eur. J. Anaesth., 2009,
vol. 26, 98 p.

14. Patel P. Choice of Anaesthetic for Neu-
roanaesthesia — Does it Matter? ASA An. Ref.
Cour. Not., 2004. 137 p.

15. Gelfand B.R. Anesteziologiya i intensiv-
naya terapiya. Prakticheskoe rukovodstvo [Anes-
thesiology and Intensive Care. Practical Guide].
Moscow, Litera Publ., 2006. 576 p.

16. Anata R., Takala R., Muittari R. Sevo-
flurane EC 50 and EC 95 Values for Laryngeal
Mask Insertion and Tracheal Intubation in Child-
ren. Br. J. Anesth., 2001, vol. 86, pp. 212-216.

17. Savvina I.A. Anesteziologicheskoe obes-
pechenie planovykh neyrokhirurgicheskikh vme-
shatelstv u detei [Anesthetic Management for
Elective Neurosurgery in Children]. Moscow,
OOO PRE100 Publ., 2013. 48 p.

18. Gregory A., Andropoulos D.B. Gregory's
Pediatric Anesthesia. Chichester, West Sussex.
Wiley-Blackwell, 2012.

19. Likhvantsev V.V. Prakticheskoe ruko-
vodstvo po anesteziologii [Practical Manual in
Anesthesiology]. Moscow, Medical News Agency
Publ., 2011. 288 p.

20. Sloan T. Anesthetics and the Brain.
An. Clin. N. Am., 2002, vol. 20, pp.265-292.
DOI: 10.1016/s0889-8537(01)00002-5

21. Polushin Y.S. Rukovodstvo po anestezio-
logii i renimatologii [Manual in Anesthesiology
and Reanimatology]. St. Petersburg, 2004. 897 p.

22. Templehoff R. Avoiding Complications
in Neuroanaesthesia. ASA An. Ref. Cour. Not.,
2006. 311 p.

23. Hannam J.A., Anderson B.J. Pharmaco-
dynamic Interaction Models in Pediatric Anes-
thesia. Paediatr. Anest., 2015, vol. 25, no. 10,
pp. 970-980. DOI: 10.1111/pan.12735

24. Brosius K.K., Bannister C.F. Effect of
Oral Midazolam Premedication on the Awa-
kening Concentration of Sevoflurane, Recovery
Times and Bispectral Index in Children. Pae-
diatr. Anaesth., 2001, vol. 11, pp. 585-590. DOI:
10.1046/j.1460-9592.2001.00734.x

25. Kihara S., InamotaS., YaguchiY.
The Awakening Concentration of Sevoflurane
in Children. Amnesth. Analg., 2000, vol. 91,
pp- 305-308.

26. Philip J.H. Using Screen-Based Simu-
lation of Inhaled Anaesthetic Delivery to Imp-
rove Patient Care. Br. J. Anaesth., 2015, vol. 115,
pp. 1189-1194. DOI: 10.1093/bja/aecv370

27. Launey Y., Nesseler N., Le Cousin A.
Effect of a Fever Control Protocol-Based Stra-
tegy on Ventilator-Associated Pneumonia in
Severely Brain-Injured Patients. Crit. Care, 2014,
vol. 18, no. 1, 698 p.

28. Uma A.P., Phillip C.J., Shobha M. Oral
Transmucosal Midazolam Premedication for Pre-
school Children. Can. J. Anaesth., 2001, vol. 48,
pp- 191-195. DOI: 10.1007/BF03019734

29. Tazeroualti N., De Groote F., De Hert S.
Oral Clonidine vs. Midazolam in the Prevention
of Sevoflurane-Induced Agitation in Children:
a Prospective, Randomized, Controlled Trial. Br.
J. Anaesth., 2007, vol. 98, pp.667-671. DOI:
10.1093/bja/aem071

30. Uezono S., Goto T., Teuri K. Emer-
gence Agitation after Sevoflurane versus Propofol
in Pediatric Patients. Anesth. Analg., 2000,
vol. 91, pp. 563-566. DOI: 10.1213/00000539-
200009000-00012

31. Mauricio E., Ibacache M.D., Hernan R.
Single-Dose Dexmedetomidine Reduces Agitation
after Sevoflurane Anesthesia in Children. Anesth.
Analg., 2004, vol. 98, pp. 60—63.

32. Baughman V. Brain Protection During
Neurosurgery. An. Clin. N. Am., 2002, vol. 20,
pp. 315-327. DOLI: 10.1016/s0889-8537(01)00004-9

33. Isik B., Arslan M., Tunga A.D., Kur-
dipek O. Dexmedetomidine Decreases Emer-
gence Agitation in Pediatric Patients after
Sevoflurane Anesthesia without Surgery. Pediatr.
Anest., 2006, vol.16, pp.748-753. DOLI:
10.1111/j.1460-9592.2006.01845 x

50

Human. Sport. Medicine
2016, vol. 16, no. 4, pp. 43-53



Hukugbopoea C.C., Slkoesies A. /. Cneyugpuka npoeedeHusi aHecme3uu y demel
npu onyxoJisix 20J108HO20 MO32a: cucmeMHbIl 0630p

34. Schmidt A.P., Valinetti E.A., Bandeira D. Postoperative Pain and Anxiety in Children.
Effects of Preanesthetic Administration of Mi- Pediatr. Anest., 2007, vol. 17, pp. 667-674. DOIL:
dazolam, Clonidine, or Dexmedetomidine on 10.1111/j.1460-9592.2006.02185.x

Received 3 September 2016

YK 616-053.2/.5 DOI: 10.14529/hsm160405

CNELUMDUKA NMPOBEAEHUA AHECTE3UU Y OETEU 5
NPU ONYXonAxX royfiloBHOrO MO3rA: CUCTEMHbIN OB30P

C.C. Hukugpopoea, A.!N. Slkoenes
YensibuHckast obnacmHasi 0emckasi KrnuHuyeckasi bonbHuuya, 2. YenssbuHck

Hean. OcHOBEIBasch Ha 0030pe IMyOIMKAIIHA, TOCBSIIEHHBIX OKa3aHUIO aHECTE3HOJIOTHYe-
CKOTO TIOCOOWS TIPHU OTIEPAaTUBHBIX BMEMIATENBCTBAX y JETeH ¢ HOBOOOPAa30BaHWSMHU TOJIOBHOTO
MO3Ta, BBISIBUTH U 0000MHATE crienn(uIeckre 0COOCHHOCTH MPOBEACHUS aHECTE3UH y TaKHX Ta-
LUEeHTOB. MarepHuajbl H MeToAbl. MBI C/iejain CUCTEMHBIN 0030p, 00padoTaB uHdopmarmo 13
POCCHHCKHX M 3apyOeXHBIX HCTOYHUKOB, M3MaHHBIX B mepuon ¢ 2001 mo 2016 . AnanusupoBa-
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