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Today, regional anesthesia is widely used during surgical inter-
ventions in orthopedic surgery. Blockades of individual nerves
and plexuses are used. Objective. To introduce readers: surgeons,
orthopedists-traumatologists with the possibilities of regional an-
esthesia like an adequate method of analgesia during upper limb
interventions. Methods. Relevant literature from PubMed, Scopus,
Google Scholar databases and own experience of regional anesthe-
sia were analyzed. The results. The work describes the effect of re-
gional anesthesia on the nervous, respiratory, cardiovascular and
coagulation systems. Information about blocks of peripheral nerves
of the upper extremities: interscalene, supraclavicular, subclavian,
axillary. Their advantages and disadvantages were analyzed. In-
terscalene block is not recommended for patients with severe lung
disease due to the risk of respiratory failure. Complications of this
analgesia include: phrenic nerve block (up to 100 %), sympathetic
chain block and Horner's syndrome. Also, possible accidental injec-
tion into the vertebral artery. Indications for the supraclavicular
block are operations on the hand, forearm, elbow and shoulder.
Complications — phrenic nerve block (17-50 %), recurrent laryn-
geal blockade (22 %), pneumothorax (0.6—6.1 %). When planning
anesthesia, the accompanying pathology of the patient and his
general condition should be taken into account. Particular care is
required when the patient is taking anticoagulants. Risk of bleed-
ing and thrombosis should be carefully assessed. Special attention
should be paid to the toxicity of local anesthetics and ways to elimi-
nate it. Conclusions. Regional anesthesia can be used in the pre-,
intra- and postoperative periods. Sometimes it’s the only method
that permit surgical intervention. It is necessary to understand all
the advantages and limitations to ensure high quality of patient

care.

ITio uac nposedenns onepamusHuUx ympyuiaub 6 Opmoneout-
HOI Xipypeil cb0200HI WUPOKO 3ACMOCO8YIONb PEliOHAPHY
anecmesilo. Buxopucmogyioms Ak 610kadu oKkpemux nepsis,
max i cnaemins. Mema. O3uaiiomumu KOio 4umavie-xipypeis,
0pmonedig-mpasmamonozie iz MOMCIUBOCAMU PeTiOHAPHOT
anecmesii 01 adeksamuozo 6udOOpy memoody 3HebO0N08AHHSA
6 pa3i XipypeiuHux ympyuyausv Ha epXHitl Kinyieyi. Memoou.
Ilpoananizoseano penesanmuy aimepamypy 3 6asz PubMed,
Scopus, Google Scholar ma enacnuii 00c6io euxopucmanns
perionapnoi anecmesii. Pezyiomamu. Y pobomi oxapaxmepu-
308aHO 6NJIUE PEeriOHAPHOI anecmesii HaA HePE08Y, OUXAIbHY,
cepyeso-cyOuHHy ma cucmemy 320pmanusa kpoei. Hasedeno
iHGhopmayito npo 610KU nepughepuyHUX HePBié GePXHIX KIHYIBOK:
MIHCOPAOUHYACINO0, HAOKIIOUUYHO20, NIOKIIOUUYHO20, NAXE0-
602o. [Ipoananizosano ixui nepesazu ma nedoniku. Bukonanus
MidHcOpabunuacmozo perionapHozo 010Ka He pPeKoMeHO08AHO
nayienmam i3 mANCKUMU 3AX6OPIOBANHAMU Ne2eHb Yepe3 pu-
3UK po36umKy ouxaivHoi neoocmamuocmi. Takoac 0o yckaao-
HeHb yiel ananeesii Hanescamn: 00K diagpacmanvHoo Hepsa
(0o 100 %), cumnamuunozo eecemamusHO20 ITAHYIONCKA MA
cunopom Iopnepa; MoxicIu8a HeHABMUCHA [H'EKYIS 8 Xpebem-
ny apmepito. Ilokaszanns 00 HAOKIIOUUYHO20 BUOY aHecme3ii —
onepayii Ha Kucmi, nepednaiuui, 30Hi 1iKMb08020 cyeroba ma
naeua. Hozo ycknaouenns — 6ok diagppaemanvhozo nepsa
(17-50 %), peyuousna broxada copmannozo (22 %), nneemo-
mopaxc (0,6—6,1 %). I1io uac nianyeanns anecmesii cio ypa-
X08Y8amu Cynymmuio namoinoziio Xgopoeo, 1020 3a2albHull Cmar.
Ocobnugoi ysazu eumazaromes cumyayii, Koau nayieHm npuilmae
AnMUKOAYNAHMHI 3aco0u. Y yux eunaokax pemensbio 36adicyioms
PU3UKY GUHUKHEHHA MpoMOO3Yy ma Kposomeui. 3ayeaiceHo Ha
MaKkomy YCKIaOHeHHI pelioHapHoi anecmesii, AK cucmemHa
IHMOKCUKAYISA MICYEBUMU AHECMEeMUKAMU MA WISAXAX il n00o-
nanns. Bucnosku. Perionapna anecmesis moosice Oymu 3acmoco-
6aHa 6 00-, IHMpPa- ma NiciAonepPayiiHoMy nepiooax, iHKoIu €
€OUHUM MEMOOOM, U0 OO360JIAE NPOGECMU XIpYP2iuHe GMPYUaH-
Hs. Po3yminns ii modciugocmeil i 00MedceHb — 8aAdNCIUBA CKAA-
006a sikicHoi donomozu nayienmam. Kniouogi crnosa. Perionapna
anecmesis, 610Kkada nepugeputnHux Hepsis, YCKIaOHenHs perio-
HapHoi anecmesii.
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Introduction

Owing to new materials, technologies and methods,
surgical orthopedics has become one of the most
rapidly developing specialties. With 22.3 million or-
thopedic interventions being performed in the world
in 2017, 28.3 million are expected this year, i. e., an
annual quantitative increase of 4.9 % [1]. The ef-
fect of local anesthesia was first described by Vasyl
Kostyantynovich von Anrep during his internship in
Wiirzburg (1879). He was the first in the world to ex-
perimentally substantiate the local anesthetic effect
of cocaine, dosage and method of its use. The re-
sults of these studies by von Anrep were published
in the German journal Archiv fur Physiologie (1879).
In 1884, he specified recommendations for the use
of cocaine in the case of inflammatory diseases based
on his own five-year clinical experience in the article
«Cocaine as a local anesthetic» (according to [2]).

In recent years, regional anesthesia has become
the most common method of pain relief during many
orthopedic interventions. Its essence consists in
the administration of local anesthetic solution to in-
terrupt the transmission of the signal by nerve fibers.
This way provides the sensory and motor components
of the block. Although blocks are performed by anes-
thesiologists, surgeons wishing to improve the quality
of treatment need to understand their clinical effects.

The purpose of the study: to provide surgeons, or-
thopedists and traumatologists with the data on pos-
sibilities of regional anesthesia for an adequate choice
of the method of analgesia in the case of surgical in-
terventions on the upper limb.

Material and methods

Relevant literature from PubMed, Scopus, Google
Scholar databases and own experience of using re-
gional anesthesia were analyzed.

Results and their discussion

Peripheral nerve block is also called conduction
anesthesia (CA). A local anesthetic injected into
the area of a nerve or plexus leads to sensory and mo-
tor blockade of the corresponding areas of the body.
CA can be used for pain relief both during surgery
and in the postoperative period. Most often, CA is
performed by a single injection of anesthetic; the use
of catheters for prolonged analgesia is significant-
ly less common. This is due to the high incidence
of catheter migration due to the impossibility of reli-
ably fixing its tip perineurally.

Today, the standard has become the use of at least
one method of atraumatic nerve search: ultrasound
(US) navigation or electrical stimulation. The com-

bination of these methods significantly increases
the quality of CA.

Interventions on the upper extremity most often
require interscalene, supraclavicular, subclavicular or
axillary blocks.

Preparing the patient for regional anesthesia

The decision to perform regional anesthesia is
made jointly by the anesthesiologist, the surgeon
and the patient. When planning anesthesia, atten-
tion should be paid to risk factors related to nervous,
pulmonary, cardiovascular disorder and parameters
of the coagulation system should be taken into ac-
count. Some features can significantly complicate
the implementation of anesthesia. For example, obe-
sity is associated with an increased risk of unsuc-
cessful paravertebral blocks [3]. A local or systemic
infectious process can interfere with regional anes-
thesia. Vascularization and the risk of compression
due to the formation of a hematoma in adjacent tis-
sues should be assessed in patients who are scheduled
to perform CA of superficial peripheral nerves while
taking anticoagulants or antiplatelet drugs.

Let us consider the effect of regional anesthesia on
body systems. First of all, when planning such anal-
gesia, it is necessary to find out the state of the ner-
vous system and the possibility of previous damage
to the nervous structures in the area of intervention.

Respiratory system. Regional anesthesia makes
it possible to exclude the risks associated with con-
comitant respiratory diseases. However, if sedation is
required, these risks remain in full. Besides, intersca-
lene or supraclavicular block can result in the deve-
lopment of anesthesia of the phrenic nerve, which is
dangerous in patients with asthma or chronic obstruc-
tive pulmonary disease, so it is necessary, if possible,
to render axillary block [4], use ultrasound navigation
and enter a minimum volume anesthetic

As for the cardiovascular system, due to the use
of regional anesthesia, it is possible to achieve a re-
duction in the incidence of cardiac postoperative
complications associated with the corresponding exis-
ting comorbidities [5]. But it is very important to pay
attention to the choice of local anesthetic and use
the least cardiotoxic drug.

Coagulation system. Information about blood
coagulation disorders, as well as the patient's tak-
ing of anticoagulant or antiplatelet drugs lead to an
increased risk of hemorrhagic complications after
regional anesthesia and require thorough history
taking, including data on the drug therapy used. De-
spite the greatest risks under the conditions of using
neuraxial anesthesia, it is necessary to consistently
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follow the perioperative recommendations for regio-
nal anesthesia with anticoagulant therapy [6].

Upper limb block

The success of CA of the upper extremity depends
on understanding the anatomy of the brachial plexus
(see Figure). It provides muscular and skin innerva-
tion of the upper limb. The brachial plexus consists
of ventral nerve roots (branches) of 5 spinal nerves
(Cy—Thy), which give rise to trunks, divisions, cords
and terminal branches. Nerve roots merge, forming
the upper, middle and lower trunks. They divide,
forming 6 divisions that merge into 3 branches: late-
ral, posterior and medial cords. The nerves that in-
nervate most of the upper limb are terminal branches
of the three cords. The skin part of the shoulder and
forearm is supplemented by nerves that are not part
of the brachial plexus [7]. The upper part of the shoul-
der receives sensory innervation from the superficial
cervical plexus (Cy;—Cpy) through the supraclavicular
nerve. 70% of the sensory innervation of the shoulder
originates from the upper trunk through the supra-
scapular nerve, and the greater contribution belongs
to Cy and Cy; nerve roots [8]. The axilla is innervated
by the Thy; root.

The brachial plexus is blocked at four different
levels: interscalene block for the roots-trunks, supra-
clavicular for the trunks-departments, subclavicular
for ligaments and axillary for the terminal branches.
Summary information about blocks of peripheral
nerves of the upper limbs is given in Table. 1.

The interscalene block is performed only at the le-
vel of the trunks of the brachial plexus near their ori-
gin. Anesthesia extends from Cy to Cyyy, affecting

1 — truncus superior

2 — truncus medius

3 — truncus inferior

4 — fasciculus laterslis
5 — fasciculus posterior
6 — fasciculus medialis
7 — n. musculocutaneus /
8 — n. medianus
9 — n. axillaris
10 — n. radialis
11 — n. ulnaris
12 — n. cutaneus ;
antebrachii medialis y
13 — n. cutaneus brachii /;
medialis VY

Figure. Anatomy of the brachial plexus (adapted from [9])

the supraclavicular branches of the cervical plexus
Cy; and Cyy, which innervate the skin over the acro-
mion and clavicle. The area of anesthesia is the shoul-
der, the proximal part of the humerus, the distal part
of the clavicle. Without special access to the lower
trunk of the brachial plexus, at the level of Sy ;—Th,,
anesthesia does not extend to the level of the elbow
joint and beyond [8].

Access to the brachial plexus in the case of an
interscalene block is performed between the ante-
rior and middle scalene muscles, lateral to the ca-
rotid artery and internal jugular vein, directly above
the clavicle.

This block has certain features and complications:
with a frequency close to 100 %, there is a block
of the phrenic nerve [10, 11], a little less often it re-
sults in a block of the sympathetic autonomic chain
and Horner's syndrome. Inadvertent injection into
the vertebral artery is also possible [12]. Rare compli-
cations include pneumothorax, epidural or intrathecal
injection of anesthetic, which can lead to total spi-
nal anesthesia, damage to the spinal cord and spinal
scapular or long thoracic nerve. Due to phrenic nerve
block, this regional block is not recommended for
patients with severe lung disease because of the risk
of respiratory failure. Therefore, the use of a two-sid-
ed interscalene block is unacceptable.

The supraclavicular block affects the brachial
plexus above the clavicle at the level of trunks and
divisions, including segments Cy—Cyy; from the more
superficial and lateral branches that innervate
the shoulder, the lateral part of the arm and forearm,
as well as the deeper and medial branches of Cyyy;
and Th,. To obtain high-quality anesthesia of the up-
per limb, the anesthetic should be injected into both
areas [8]. Access is performed between the anterior
and middle scalene muscles at the level of the first rib,
where the subclavicular artery passes behind the mid-
dle of the clavicle.

If performed correctly, intense and long-lasting
anesthesia of the upper limb develops, starting from
the shoulder, which is determined by the close loca-
tion of all the trunks and departments of the brachial
plexus in this place. Indications for this type of ane-
sthesia are operations on the hand, forearm, elbow
joint, and shoulder.

When performing a supraclavicular injection,
the frequency of a phrenic nerve block is slightly lower
than for a supraclavicular one, and occurs in 17-50 %,
and recurrent laryngeal nerve block, which leads to
hoarseness, occurs in 22 % [13]. Complications of su-
praclavicular block include pneumothorax (0.6—6.1 %),
since the apex of the pleura is in close proximity to
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Table 1
Blocks of peripheral nerves of the upper limb
Block Clinical application Blocked nerve Anatomical landmark Advantage Disadvantage Complication
Operations on|Brachial|Anesthetic is | Easy to | Hemidiaphragmatic | Diaphragmatic
° the humerus, its | plexus Cy—Cyy. | injected between |p e r f o r m . | paralysis leading to | paralysis
5 proximal and distal | Cervical plexus. | the anterior and | Patient-friendly | respiratory failure in | nerve (100 %).
E part of the clavicle | Supraclavicular | middle scalene patients with severe |[H o rner 's
z nerve (Cy; and | muscles lateral COPD. Insufficient|syndrome.
= Cr) to the carotid for operations on | Hoarseness
- artery and internal elbows, forearms or
jugular vein hands
Operations on | Cv—T, Anesthetic is | Rapid onset. | Higher incidence of | Pneumothorax.
the elbow joint, injected above the | Easier to | pneumothorax Paralysis of the
forearm and hand. clavicle between | perform. phrenic  nerve.
ks Extension into the the scalene | Convenient for Hoarseness of
8 interscalene space anterior and | the patient voice
S may involve the middle scalene
e shoulder muscles at the
a level of the first
a rib  where the
subclavicular
artery  crosses
above it
Operations on | Cv—T, Anesthetic is | Good choice | Deep block to|Pneumothorax
5 the elbow joint, administered | for catheter | perform.  Greater | (rarely)
T‘% forearm and hand around the | placement discomfort during
s axillary artery performance
= below the clavicle,
] more medial
« to the coracoid
process
Operations on | Median nerve, | Anesthetic is | Easy to | Rarely affects the | Formation of
the elbow joint, | ulnar nerve, | injected around | perform. Low | musculocutaneous | a hematoma.
g’ forearm and hand | radial nerve and | the axillary | frequency of | nerve. Requires | Intravascular
= without applying | musculocutaneous | artery in the | complications abduction of the arm | injection
= a tourniquet to the | nerve medial part of the
shoulder proximal part of
the arm

Note. COPD is a chronic obstructive pulmonary disease

the area of the procedure, but under the conditions
of using ultrasound navigation, this undesirable event
becomes extremely rare, up to 0 % [14].

The subclavicular block is performed at the level
of the ligaments before the branching of the axillary
and musculocutaneous nerves. In the upper extremi-
ty, the same areas are anesthetized as for the supra-
clavicular block: the distal part of the shoulder, el-
bow, forearm, and hand.

Access to the nerves located near the axillary
artery is best done with ultrasound navigation, sur-
rounding the artery and all three bundles of the bra-
chial plexus with anesthetic in the form of the let-
ter U. Pneumothorax is a rare complication even in
the absence of navigation (0.7 %) [15].

The axillary block is performed at the level
of the branches of the brachial plexus: median, ulnar,
radial, and musculocutaneous nerves. Anesthesia ex-
tends distally beyond the lower third of the shoulder,

to the elbow of the forearm and the hand. The name
of this block is determined by access and it should
be remembered that the axillary nerve is not affected
by the axillary block. To perform this block in a pa-
tient who is lying on his back, the arm is abducted at
the shoulder joint to 90° without rotation. The me-
dian, ulnar, and radial nerves surround the axillary
artery and lie between the biceps and coracobra-
chial muscles, located anteriorly, and the tendons
of the teres major and latissimus dorsi, located me-
dially and posteriorly. The musculocutaneous nerve
passes between the fascial sheets of the coracobra-
chial and biceps muscles.

An axillary block can be complicated by hema-
toma formation and intravascular injection of anes-
thetic because of its close proximity to the axillary
artery and vein. Arm abduction may be difficult in
certain upper extremity injuries, and in such cases
another approach to the nerves should be used.
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Complications of regional anesthesia

Systemic toxicity of local anesthetics (STLA) is
a potentially life-threatening complication that can
result from inadvertent intravascular injection of a lo-
cal anesthetic or slow absorption of an inadequately
high dose of perineurally administered local anes-
thetic. The American Society of Regional Anesthesia
(ASRA) regularly updates guidelines for the manage-
ment of patients with STLA, with the latest publica-
tion in 2021 [16].

Presentation and rate of development of STLA are
extremely variable. Symptoms may appear immedi-
ately, but full development occurs within 30 minutes
or more. The progression of symptoms is continu-
ous — from neurotoxicity at low blood concentra-
tions to cardiotoxicity at high concentrations.

Early clinical signs of neurotoxicity are subjective
and include dizziness, drowsiness, numbness around
the mouth, and tinnitus. If contact with the patient is
impossible or difficult, the patient is sedated or under
general anesthesia, these initial signs will almost cer-
tainly be missed. The next symptom with an increase
in the concentration of the anesthetic in the plasma
will be muscle twitching and tremors, and then gene-
ralized tonic-clonic convulsions develop. Finally,
there is a generalized depression of the central ner-
vous system, which leads to a decrease in the level
of consciousness and coma [17].

Cardiotoxic effect develops in two stages. At first,
arterial hypertension and tachycardia occur due to
the activation of the sympathetic nervous system.
This is followed by myocardial depression, triggering
ventricular arrhythmias, conduction disturbances,
contractile dysfunction, and cardiovascular collapse.
Inhibition of potential-dependent sodium channels
of the myocardium by local anesthetics significantly
increases the PR interval and the duration of the QRS
complex, and also leads to changes in the T wave [18].

Treatment of STLA involves early intravenous
administration of a lipid emulsion, which extracts
the local lipophilic anesthetic from plasma and tis-
sues. In addition, intralipid improves cardiac output
by directly affecting myocardial tissue [19]. Intralipid
should be administered as a body weight-dependent
bolus with subsequent infusion. If the patient is un-
stable, the bolus should be repeated and the infusion
rate doubled. After achieving stable hemodynamics,
intralipid infusion lasts at least 15 min [20]. Convul-
sions should be eliminated by intravenous benzo-
diazepines or small doses of propofol. In the event
of cardiovascular collapse, an intravenous infusion
of epinephrine should be started, and if boluses are
required, they should not exceed 1 pg/kg to rule

out ventricular fibrillation or tachycardia. A dosage
of 1 mg administered in cardiopulmonary resusci-
tation leads to poor long-term results due to the in-
creased risk of arrhythmogenicity. Brief information
about the presentation and treatment of STLA is pre-
sented in Table 2.

Low muscle mass, female gender, and concomi-
tant cardiac, hepatic, and metabolic diseases are con-
sidered risk factors for the development of STLA [21].
According to the ASRA recommendations, STLA
can be prevented by using ultrasound navigation,
aspiration before each injection of anesthetic, using
the lowest effective dose, adding epinephrine for
the administration of potentially toxic doses of local
anesthetic [22]. Another argument in favor of adding
epinephrine to a local anesthetic is its ability to in-
crease heart rate when administered intravascularly.
An anesthetist's attempt to block a patient's multiple
nerves/plexuses, such as the adductor and popliteal,
also increases the risk of STLA. The addition of local
anesthetic by surgeons in the area of the operative
field should be extremely careful. Given the danger
of STLA for patients, it is advisable to conduct a re-
gular review of care protocols for this condition. Staff
training in the diagnosis and treatment of STMLA,
as well as the availability of therapeutic agents, re-
duce the patient's risk of facing serious consequences
of this complication [23].

An experienced anesthesiologist is not immune to
inadequate block. Because of this, the target area will
remain sensitive, the patient will have pain, the time
of operations will increase, and there will be repeated
attempts of blocks and/or the transition to general ane-
sthesia. Of course, the experience of the anesthesio-
logist is important during anesthesia [22]. The next
most important aspect of CA administration with
electrical stimulation is the strength of the current
when searching for the nerve: the stronger the stimu-
lation, the greater the distance of the needle from
the nerve a motor response occurs, which in turn
leads to the injection of anesthetic outside the neu-
rovascular bundle. Proper positioning of the patient
prior to performing a block using rollers must be used
to obtain a quality block. The quality of anesthesia is
affected by body weight: in increased body mass in-
dex the possibility of inadequate anesthesia also rises,
which is associated with the difficulty of determining
anatomical landmarks. Also, patients with a high ane-
sthetic risk (ASA IV) have a higher frequency of in-
effective block [3].

Unfortunately, attempts to catheterize peripheral
nerve structures often end in failure. For example,
brachial plexus catheterization can be ineffective in
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Table 2
Presentation and treatment
of systemic intoxication with local anesthetics

Systemic toxicity of local anesthetics (STLA)

Presentation:

1. Dizziness, drowsiness, tinnitus, numbness around

the mouth;

2. Muscle twitches and tremors;

3. Convulsions;

4. Depression of the central nervous system, coma;

5. Hypertension, tachycardia;

6. Myocardial depression, ventricular arrhythmias, conduction
delay;

7. Electrocardiogram changes: prolongation of PR, QRS; TL
wave changes;

8. Cardiovascular collapse

STLA therapy:
1. Call for help;

2. . Provide adequate ventilation, inhalation of 100 % O»;

3. Start early introduction of lipid emulsion:

a) the patient's weight is less than 70 kg: bolus 1.5 ml/kg for
2-3 min, infusion 0.25 ml/kg/min. Repeat the bolus or double
the infusion rate if the patient's condition remains unstable

b) patient weight over 70 kg: bolus of approximately 100 ml
for 2-3 minutes, infusion of approximately 250 ml for
15-20 minutes. Repeat the bolus or double the infusion rate if
the patient's condition remains unstable

c) if the patient is stable, continue the introduction of lipid
emulsion for 15 minutes or more after stabilization
of hemodynamics. The maximum dose of lipids is 10 ml/kg

4. Convulsions:
a) maintenance of airway patency;
b) benzodiazepines;

c) if necessary, low doses of propofol

5. Arrhythmia or cardiovascular instability:

a) epinephrine in a dose lower than for cardiopulmonary
resuscitation, starting at 1 pg/kg or less;

b) avoid local anesthetics, beta blockers, vasopressin, calcium
channel blockers;

c) assess the necessity/possibility of artificial blood
circulation

6. Thorough monitoring. After stabilization, continue close

monitoring for 12 hours

25 % of cases, which is the highest rate among re-
gional blocks [24], and this rate is significantly lower
with subclavicular catheter placement. There is an as-
sumption that the lower the mobility of anatomical
structures in the location of the catheter, the more
stable the position of the latter.

A catheter for prolonged anesthesia/analgesia
may be incorrectly positioned initially, or may sub-
sequently migrate [24, 25] or become occluded [23].

In case of displacement of the catheter, there is a risk
of STLA development, and in some cases even myo-
necrosis [25]. The reasons for an ineffective block
can be technical: disconnection of the syringe and
the infusion extension, malfunction of the syringe
dispenser. Individual anatomical features complicate
the search for nerve structures, and genetic variations
cause abnormal metabolism of the local anesthetic
and lead to inadequate blockade. In addition, pain, as
a multicomponent event, also includes psychological
factors, such as anxiety and expectation of pain [26].

With the widespread introduction of US-naviga-
tion into clinical practice, the quality of CA increases
significantly, the time of block administration is re-
duced [27, 28].

Discussion of the risk of ineffective anesthe-
sia occurs during patient preparation for CA. In the
process of this discussion, it is necessary to explain
the possibilities of alternative blocks if the planned
ones are ineffective, as well as options for traditional me-
thods of anesthesia/analgesia, if repeated blocks are
unacceptable.

Peripheral nerve damage is considered a rare com-
plication of regional anesthesia. In the first days after
block, the frequency of persistent symptoms of nerve
dysfunction can reach 8-10 %, most patients recover
within a few days or months [28, 29]. Complications
that have not been compensated for in 6 months are
considered irreversible from 0.015 to 0.09 % [30-32].
The frequency of complications during perineural
catheterization is close to 0.21 % [33, 34]. The majori-
ty of nerve injuries are due to intraneural injection
of anesthetic, and the greater the pressure, the more
severe the injury [35, 36]. A comorbidity, for example,
diabetes, can be an aggravating factor. If the patient
experiences paresthesia or great resistance, the injec-
tion should be stopped. The use of US-navigation can
significantly reduce the risk of nerve damage, as it
allows visualization of the spread of the anesthetic.
Symptoms of nerve damage are usually sensory, but
depending on the affected nerve and the severity
of the injury, it may also include motor components.

A large hematoma may form in case of acciden-
tal puncture of adjacent vessels under conditions
of hypocoagulation. Usually, it can be prevented by
direct pressure on the injection site, but in the case
of a massive hematoma, surgical decompression may
be necessary.

Allergy is a relatively rare complication. Ana-
phylaxis is not often observed. Allergic reactions
may manifest as contact dermatitis or delayed (up to
72 hours) swelling at the injection site.
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Infectious complications in the case of a single
injection almost do not occur, and in cases of peri-
neural catheterization, their probability does not ex-
ceed 3.2 % [36]. The risk of infection increases in
conditions of injuries, critical conditions, weakened
immunity, and the absence of antibacterial therapy.
The risk can be reduced by removing the catheter
within 48—72 hours after insertion.

Intoxication of the central nervous system by
a local anesthetic (toxic left hemisphere syndrome)
is manifested by ischemic symptoms in the ab-
sence of cerebral vascular occlusion. The hemi-
spheric syndrome in the registered cases occurred
on the contralateral side of the interscalene block.
The probable cause may be cell death as a result
of the neurotoxic effect of local anesthetics. Impair-
ment of consciousness, slow-wave activity of elec-
troencephalography in the affected hemisphere, epi-
lepsy, global aphasia, dysphagia, dysarthria, facial
nerve palsy, hemiparesis, signs of damage to the py-
ramidal tract, and complex behavioral changes were
noted. In the immediate postoperative period, no
abnormalities were observed on computer or mag-
netic resonance (MRI) tomograms. Hyperintensity
of the gray matter of the cortex and basal ganglia
was determined on the MRI after the operation
from the 1st to the 5™ day. To protect the respiratory
tract, artificial ventilation of the lungs was neces-
sary. Hospital stay ranged from 9 to 19 days. In most
patients, a gradual improvement of the functional
result was observed after a long course of rehabilita-
tion, but residual symptoms persisted [37].

Conclusions

Regional anesthesia can be used in the pre-, in-
tra- and postoperative periods, providing effective
analgesia with a relatively small number of side ef-
fects compared to general anesthesia. In some cases,
under the conditions of severe concomitant disorders,
regional anesthesia may become the only possibility
to anesthetize surgical intervention. Understanding
the capabilities and limits of regional anesthesia by
the surgical team is an important component of quali-

ty patient care.
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