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Abstract. Among all the respiratory complications observed in surgical patients in the postoperative period, lung
tissue atelectasis is one of the most common. In addition to the use of protective intraoperative ventilation, one
of the measures to prevent atelectasis of lung tissue may be to maintain independent breathing throughout, or
at certain stages of general anesthesia. Currently, most anesthesia machines have a wide range of ventilation
modes, including self-breathing mode with pressure support. When performing respiratory support in this mode,
the patient is able to influence all phases of the respiratory cycle, the diaphragm remains functional, which reduces
the risk of atelectasis and ventilator-induced dysfunction of the diaphragm. Due to the support pressure applied
in response to each breath, the patient does little breathing work, which prevents the development of fatigue of
the respiratory muscles. However, anesthesia with preserved spontaneous breathing may be limited by the need
to administer high doses of opioids and anesthetics, for example, in highly traumatic surgical interventions, since
anesthesia drugs can have a significant effect on the respiratory center. There is sufficient information in the
literature regarding the effectiveness of its use at the stage of induction of general anesthesia, in order to better
preoxygenation. The use of (PSV, pressure support ventilation) mode in combination with positive end expiratory
pressure (PEEP) during preoxygenation improves oxygenation, prevents episodes of desaturation, and lengthens
the time of safe apnea. In addition to using this regimen during the induction of general anesthesia, its use may be
appropriate at the stage of maintaining anesthesia during operations where the introduction of muscle relaxants is
not required, as well as at the final (awakening, extubation) stages of general anesthesia in cases where the main
surgical stage requires total myoplegia. The use of pressure support at these stages is less common. However,
a number of publications have shown that the use of this regimen during general anesthesia while maintaining
independent breathing can lead to improved gas exchange and reduced atelectasis of lung tissue, in addition,
make awakening and extubation more comfortable and faster, compared with other approaches to respiratory
support during anesthesia.
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Pestome. Cpeau Bcex pecnunpatopHbIx OCNOXHEHWIA, HabniogaeMblx y XMpypriryeckix 60mbHbIX B NOCNEoNnepaLmoHHOM
nepvoge, aTeNnekTasMpoBaH1e NEro4YHo TkaHn — 04HO M3 Hanbonee YyacTo BcTpevarowmxcs. MoMmmo npumMeHeHus
NPOTEKTUBHOW MHTPAONEPALNOHHON BEHTUNSLMM NIETKUX, OLHOW U3 Mep NPOUNaKkTUKK aTeNekTasupoBaHu1s NeroyHow
TKaHU MOXET SBNSATbCA COXPAHEHNE CaMOCTOSTENBHOMO AbIXaHNs Ha BCEM NPOTSKEHUM, MO0 Ha OTAENbHbIX 3Tanax
obuyeit aHecTe3MN. B HACTOALLMIN MOMEHT Ha BONbLUMHCTBE HAPKO3HbIX annapaToB UMeeTCs BOMbLLON CNEKTP PEXUMOB
BEHTUNALWUM, B TOM YUCE U PEXMUM CAMOCTOATENBHOIO AbIXaHus ¢ noaaepkkon aasneHuem (PSV, pressure support
ventilation). Mpu npoBegeHU pecnupaTopHON NOAAEPKKM B JAaHHOM PEXMME NauneHT cnocobeH okasbiBaTh BNMUSHWE
Ha BCe ha3bl AbIXaTeNbHOro LuKNa, COXpaHaeTcs pabotocnocobHOCTb Anadparmbl, YTO CHUXAET PUCK BOSHUKHOBEHMS
aTeneKkTasoB W BEHTUNATOP-UHAYLMPOBAHHON AUCHYHKLMM AnadparMbl. 3a CHET NOAABAEMOrO B OTBET Ha Kaxablil BLOX
AaBneHNs NOLAEPKKM, NaLMEHTOM NPOLENbIBAETCSA HE3HAUNTENbHAs paboTa AblxaHus, YTo NpeaoTBpaLlaeT pa3suTHe
ycTanocTu AblxaTensHoi Myckynatypbl. OgHaKko NpoBeAEeHNE aHeCTe3UN C COXPAHEHHbIM CMOHTAHHBIM [blXaHUEM
MOXET ObITb TMMUTUPOBAHO HEOBXOAMMOCTbIO BBEAEHMUS BbICOKMX 403 ONUOMAOB M aHECTETUKOB, HAaNpumep, npu
BbICOKOTPaBMaTUYHbIX ONEPATUBHBIX BMELLATENLCTBAX, NOCKOMBKY Npenapatbl Af1S aHECTE3UM MOryT OKa3aTb CyLLeCT-
BEHHOE BIUsIHIUE Ha AblXaTenbHbIN LeHTp. B nutepaType nMeeTcs 4OCTaTOMHO CBE4EHWN B OTHOLLEHUM 3pdeKTUBHOCTY
ncnonb3oBaHus pexuma PSV Ha aTane uHAyKUmm obLLen aHecTeanm ¢ Lenbio nyyiieit npeokcureHaumu. Kcnonb3o-
BaHWe pexuma PSV B coueTaHun ¢ NonoxuTenbHbIM AaBneHnem B koHue Bbigoxa (MAOKB) Bo Bpems npeokcureHawum
yNnyylwaeT oKCUreHaumo, NpeAoTBpaLLaeT NnosBeHNe 3N30A0B AecaTypaunm, yanuHseT Bpems 6€30nacHoOro anHoa.
MomMuMo 1cnonb3oBaHUs JaHHOMO pexuMa BO BPEMS MHAYKLMM 0BLLEN aHecTe3nn, ero NpUMEHeHNe MOXET ObITb Liene-
coo6pasHbIM 1 Ha aTane NoAAepkaHNs aHeCTe3nn BO BpeMs onepauui, rae He TpebyeTcs BBeJeHe MUOPENaKCaHToOB,
a TaKxe 1 Ha 3aBepLualowux (NpobyxaeHune, akcTybauus) atanax obLLen aHecTe3nn B Tex Cryyasx, Koraa OCHOBHOM
Xupypruyecknin atan TpebyeT ToTanbHo Muonneruy. NpuMeHeHne NOLAEPXKKM aBNEHMEM Ha 3TUX dTanax MeHee
pacnpocTpaHeHo. OaHako B psae nybnukaunin 6bino nokasaHo, YT NPUMEHEHWE AaHHOMO pexuma Bo BpeMs obLel
aHeCcTe3nn C COXpaHeHWeM CaMOCTOATENBHOTO AbIXaHWUst MOXET NPUBECTM K YNyYLIEHIO ra3000MeHa 1 YMEHbLLEHMIO
aTeneKkTasupoBaHMs NErO4HONM TKaHK, NOMUMO 3TOro, caenatb NpobyxaeHne n akcTybaumo 6onee KOMGPOPTHLIMK 1
ObICTPbIMK NO CPABHEHMIO C APYTMMM NOAXOAAMM K MPOBEAEHNIO peCnpaTOPHOI NOAAEPKKM BO BPEMS aHECTE3NMN.

KntoyeBble cnoBa: NCKYCCTBEHHAS BEHTUMSALMS NETKNX, BEHTUNALMS C NOAAEPXKKOA AaBNEHNEM, CAMOCTOSTENbHOE
AblxaHne, oblias aHecTesnst, NpobyxaeHne

INTRODUCTION

Postoperative pulmonary complications (PPCs) are the
most common complications following surgical interventions
[23], significantly influencing the course of the postoperative
period [25]. The share of pulmonary complications in abdominal
and vascular surgery accounts for 10-40% of all postoperative
complications [12]. Thus, pulmonary complications are the
second most frequent after cardiovascular ones during the
postoperative period [19].

Among all respiratory postoperative complications,
pulmonary atelectasis is one of the most common in surgical
patients. Atelectasis determines the risk of hypoxemia and
forms the basis for the development of other postoperative
pulmonary complications [27]. Atelectasis can persist for
several days after surgery, impairing respiratory function
and ultimately increasing the duration of hospitaliza-
tion [14].

In the early 2000s, a whole range of modes which were
previously available in ventilator-assisted resuscitation
machines became available on the majority of anesthesia-
breathing machines, including modes of independent
breathing and primarily pressure-supported independent
breathing. Despite this, there are no clear recommendations
regarding the use of these modes during anesthesia. As a
result, habitual forced ventilation modes are preferred by
anesthesiologists in most situations. However, a number of
studies have shown that the use of pressure support mode
during general anesthesia with preservation of independent
breathing can lead to improved gas exchange and reduced
atelectasis of lung tissue. In addition, it can make awakening
and extubating more comfortable and faster than other
approaches to respiratory support during anesthesia [1, 2,
6, 28, 48). Furthermore, the use of PSV (pressure support
ventilation) and preservation of spontaneous breathing can
potentially reduce the total anesthetic dose during general
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intravenous anesthesia [6, 28]. In addition, anesthesia
with preserved spontaneous breathing is limited by the
need to administer high doses of opioids and anesthetics,
for example, in highly traumatic surgical interventions,
because anesthetic drugs can have a significant effect on
the respiratory center.

In addition, this mode can be used to maintain anesthesia
during operations that do not require the administration of
myorelaxants, according to available data, its use may be
appropriate at the initial (preoxygenation before induction
of general anesthesia) [7] and final (awakening, extubation)
[3, 35] stages of general anesthesia in cases where the
main surgical stage requires total myoplegia. In the first
case, a higher level of oxygen tension in arterial blood and,
as a consequence, a longer time of safe apnea compared
to classical preoxygenation is provided [7]. In the second
case, independent breathing is initiated after the end of the
main stage of surgical intervention, which can reduce the
time of awakening and extubation, accelerate the transfer of
the patient from the operating room, improve gas exchange,
reduce the frequency and severity of cough after extubation,
and thus make awakening more comfortable than when
using forced ventilation [3, 35].

Thus, the use of independent breathing modes at
different stages of general anesthesia can potentially reduce
the likelihood of postoperative pulmonary complications
(PPC) in the early postoperative period.

IMPACT OF FORCED ARTIFICIAL VENTILATION
ON THE RESPIRATORY SYSTEM

Effects on lung tissue

It has been shown in both experimental and clinical
studies that artificial ventilation (AV) can exacerbate pre-
existing lung damage [8, 27, 42] or even induce it in a
healthy individual [39]. Several major mechanisms for
the development of ventilator-induced lung injury (VILI)
have been identified [8, 14]. Increased airway pressure
(barotrauma) and the application of high inspiratory volumes
(volumotrauma) can cause damage or destruction of alveolar
epithelial cells. In addition to baro- and volumotrauma,
ventilator-induced lung injury can result from cyclic opening
and closing of the alveoli (atelectotrauma) [8]. All three
described mechanisms, namely barotrauma, volumotrauma
and atelectrauma, can affect both alveolar epithelial cells
and pulmonary capillary endothelium [43], as well as cause
interstitial damage by disrupting the intercellular matrix [29].
As a consequence of lung tissue injury, surfactant synthesis
and barrier function of the alveolo-capillary membrane are
impaired, which leads to the development of interstitial
pulmonary edema and extensive atelectasis of lung tissue.

Ventilator-induced lung injury is one of the causes of
postoperative pulmonary complications (PPC).

Heterogeneity of ventilation in different areas of lung
tissue may also occur during general anesthesia. This
inhomogeneity may be related to extensive atelectasis due to
the effects of anesthetics on the respiratory system, to patient
positioning (e.g., Trendelenburg position), to increased
intra-abdominal pressure (e.g., when carboxyperitoneum
is applied during laparoscopic surgeries) [32], and also as
a result of alveolar gas resorption [36], which makes the
respiratory system even more vulnerable to the negative
effects of ventilatory support.

According to current thinking, in order to prevent all types
of damaging effects leading to VILI and, consequently, to
reduce the risk of postoperative pulmonary complications,
a strategy of protective ventilation should be applied in the
operating room [11].

Effects on the respiratory musculare

In addition to negative effects on lung tissue, there is
also evidence that mechanical ventilation has a negative
effect on diaphragm function, which may lead to ventilator-
induced diaphragmatic dysfunction (VIDD) [45].

The first evidence that continuous mandatory ventilation
can cause respiratory muscle damage was obtained in
animal studies [33]. In more recent studies it was shown
that mandatory ventilation leads to atrophy of respiratory
muscles (diaphragm to a greater extent) [40]. This theory
was confirmed in human studies: analysis of histological
data of 13 newborns who were on forced ventilation for
12 days revealed diffuse atrophy of diaphragmatic fibers
[22]. Diaphragm atrophy may be the result of decreased
protein synthesis and/or increased protein degradation [16].

According to other authors, structural transformation
of diaphragm muscle fibers occurs as a result of impaired
protein synthesis and degradation (especially myosin heavy
chain protein) during mandatory ventilation [40].

In addition to global structural rearrangements, an
increase in oxidative stress, reflected by increased pro-
tein oxidation and lipid peroxidation, was observed
in animals undergoing 6-hour forced ventilation [40].
Moreover, according to some studies, structural damage
to some cellular organoids was observed after 48 hours
of CMV (continuous mandatory ventilation): destruction of
myofibrils, abnormal swelling of mitochondria, lipid droplets
and vacuoles [4]. The mechanisms of damage are not
completely clear, but may include activation of various
proteolysis pathways and oxidative stress.

Interestingly, even minimal patient involvement in
ventilation can significantly improve the functional status of
the diaphragm. According to Sassoon et al., the decrease in
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contractility of the rabbit diaphragm after 3 days of artificial
ventilation was more pronounced in the group in which
CMV was used compared to the group in which assisted
continuous mandatory ventilation (AssistCMV) was used
and minimal spontaneous respiratory activity was preser-
ved [38].

Taking into account these data, despite the fact that the
CMV mode remains the most popular in anesthesia practice,
it can be assumed that the use of assisted modes, as well
as modes of independent breathing during anesthesia
can have a beneficial effect on the respiratory system and
reduce the risk of PPC.

INDEPENDENT BREATHING
AND GENERAL ANESTHESIA

Numerous studies conducted in the last two decades
have led to a better understanding of the pathophysiology of
ventilator-induced lung injury that may be responsible for the
development of PPC. Consequently, this has resulted in the
widespread adoption of protective ventilatory strategies and
advanced respiratory monitoring that optimizes ventilation
settings [11].

Another, newer area of research related to intraoperative
ventilatory support is the study of the association between
the use of myorelaxants and the risk of PPC development.
The POPULAR research has shown that the use of
myorelaxants during general anesthesia leads to an
increased risk of PPC. Neither the use of neuromuscular
transmission monitoring nor the use of decurarizing agents
significantly reduces the risk of these complications [21]. In
this regard, it can be assumed that maintaining independent
breathing during general anesthesia, where possible, may
be one of the options for further improvement of the strategy
of protective ventilation.

It is well known that regional distribution of ventilation
and perfusion is heterogeneous due to the elastic
properties of the lungs, as well as the vertical gradient of
pleural, transpulmonary and hydrostatic pressures [41].
The diaphragm displacement is also not homogeneous,
and it can be functionally divided into three segments:
upper (independent, ventral), middle and lower (dependent,
dorsal) ones. The dorsal part makes more movement during
spontaneous inspiration than the ventral part, providing better
ventilation of dependent lung regions and counteracting the
collapse of alveoli due to hydrostatic pressure, leveling the
ventilation-perfusion mismatch, and these advantages are
maintained even in the supine position [30].

On the contrary, when performing forced ventilation
(especially with the use of myorelaxants), a typical
redistribution of ventilation occurs: its main part is shifted to

the independent and less perfused anterior lung sections,
atelectasis formation occurs in the dependent lung regions,
which leads to a violation of ventilation-perfusion relations
[30]. These effects are primarily associated with changes
in diaphragm excursion. During forced ventilation against
the background of relaxants, passive displacement of the
posterior part of the diaphragm is significantly reduced
5, 6].

The main advantage of maintaining spontaneous
breathing during general anesthesia is the preservation
of normal work of respiratory muscles and, first of all, the
diaphragm. Preservation of tone and active movements
of the diaphragm can increase ventilation of the dorsal
lung sections, prevent early expiratory airway closure and
atelectasis formation, improve ventilation-perfusion relations
and gas exchange [37]. The results of the study confirming
the benefit of preserving diaphragm performance during
general anesthesia with tracheal intubation are indicative.
The use of diaphragmatic nerve stimulation, simulating the
diaphragm work, accompanied by the use of positive end-
expiratory pressure (PEEP) leads to a decrease in the size
of atelectasis in dependent parts of the lungs [15].

In addition to the positive effect on pulmonary function,
other possible advantages of preserved independent
breathing include reduced consumption of anesthetics,
as well as reduced time of awakening, extubation and
transfer from the operating room [2, 6, 28], no need to use
myorelaxants and, consequently, reduced risks associated
with their use (postoperative pulmonary complications,
allergic reactions) [17, 21].

It should be noted that spontaneous breathing during
ventilation also has a number of disadvantages: the
possibility of asynchrony, which can lead to baro- or volu-
motrauma; the need for more careful control of ventilation
to ensure timely transfer of a patient to the forced mode
due to the effect of narcotic analgesics on respiratory
drive, the development of respiratory muscle fatigue and
decreased efficiency of independent breathing attempts due
to increased breathing [6].

A pressure-supported independent breathing mode can
help overcome most of the disadvantages of preserved
spontaneous breathing during general anesthesia.

THE USE OF PRESSURE SUPPORT VENTILATION
AT DIFFERENT STAGES OF GENERAL ANESTHESIA

Preoxygenation and induction of general anesthesia

The use of pressure support breathing in anesthesia
practice is most studied at the stage of induction. Thus, a
meta-analysis based on 13 studies performed from 2001
to 2021 showed that the use of noninvasive ventilation
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in PSV mode immediately before induction of general
anesthesia was more effective than the “traditional” method
of preoxygenation [7].

A number of studies have compared the safe apnea
time when preoxygenation is performed in PSV mode or
with masked oxygen delivery [7]. Although there was a
difference in the interpretation of the term “safe apnea”
between the authors (the lower limit of saturation in the
studies differed), according to the results of all studies,
the group of preoxygenation in the PSV mode showed a
significantly more favorable result than the group of classical
preoxygenation.

One of the studies compared the rate of achieving a
90% end-expiratory oxygen level using the pressure support
mode and traditional methods of preoxygenation [10].
Patients of the first group achieved the result significantly
earlier than the group in which “classical” preoxygenation
was performed.

It is logical that higher PaO, [10] and lower PaCO, [9]
were observed during preoxygenation using noninvasive
ventilation than in the group of standard preoxygenation.

Separately, we would like to note that this technique is
most useful in patients with a potentially large volume of
atelectatic lung tissue, which include overweight patients.
Thus, a study in morbidly obese patients showed that the use
of PSV combined with moderate PEEP during preoxygenation
significantly improves oxygenation and prevents desaturation
episodes compared with standard preoxygenation in the
mode of fully independent breathing [13].

The main stage of general anesthesia

In the last 20 years, modern supraglottic airway devices
(SGDs) have been widely introduced into clinical practice:
laryngeal masks, |-Gel type supraglottic airway devices,
etc. [24]. The placement of these devices, designed to
ensure patency of the upper airways, does not require the
administration of myorelaxants, respectively, and the use
of forced modes of ventilation. The traditional method of
ventilation in operations of short duration (less than 1 hour)
has become the preservation of spontaneous breathing.
However, the use of spontaneous ventilation during
longer surgical interventions was limited by a high risk of
hypoventilation caused by anesthetics. They influenced
the breathing pattern and the development of respiratory
muscle fatigue, which required transferring a patient to a
controlled mode of ventilation [28].

PSV mode on modern anesthesia and respiratory devices
made it possible to perform longer surgical interventions
in conditions of preserved independent breathing thanks
to control of the respiratory volume and reduction of the
patient’s work of breathing.

A number of researchers have argued that the use
of pressure-support self-respiratory mode offers many
advantages over spontaneous breathing without device
support or forced ventilation during anesthesia with
supraglottic airways. PSV mode significantly reduces work
of breathing compared to fully spontaneous breathing and
at the same time provides lower airway pressures compared
to forced ventilation [6, 28].

When comparing PSV with ventilation in the CPAP mode
(continuous positive airway pressure, a mode of independent
breathing with constant positive airway pressure), it was
found that the former was superior to the latter in terms of
respiratory volume, oxygenation indices, and end-expiratory
partial pressure of CO,, which may be associated with
improved ventilation and ventilation-perfusion relations in
the lungs [46].

However, it should be noted that according to some
works, the use of PSV mode, as well as forced ventilation
modes, aggravates ventral redistribution of ventilation in
comparison with independent breathing without ventilatory
support. Such results were obtained in a trial performed
using electrical impedance tomography visualizing regional
ventilation differences in the lungs [34].

Another study showed that the use of PSV or preserva-
tion of spontaneous breathing leads to a shorter time
from the moment of anesthetic cessation to awakening,
extubation, and transfer from the operating room compared
to respiratory support in the mode of volume-controlled
mandatory ventilation [6]. Moreover, a significantly higher
consumption of anesthetics was noted in the CMV group.
However, the group of fully spontaneous breathing
showed a significant increase in occlusion pressure
100 ms after the start of inspiration (P0.1), a decrease
in minute ventilation, and an increase in end-expiratory
carbon dioxide pressure EtCO, by the end of anesthesia,
indicating the development of respiratory muscle fatigue.
No such phenomena were observed in the PSV group
[6]. The results of the above mentioned research also
correspond with the data obtained in a similar research in
pediatric patients [28].

A similar research was performed in our clinic. It
compared gas exchange parameters by analyzing arterial
blood gas composition, airway pressure, and wake-
up time in 100 patients who underwent minor traumatic
orthopedic interventions on the lower extremities under
general combined anesthesia with desflurane. The results
of the research demonstrate better indices of arterial blood
oxygenation, respiratory mechanics, as well as shorter time
intervals before awakening, extubation and transfer to a
ward in the group of pressure support mode, which is fully
consistent with the above-mentioned foreign researches It
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should be noted that in both cases the main hemodynamic
parameters as well as the level of anesthesia depth
remained normal and did not differ significantly between the
groups [2].

In addition to practically healthy patients with physical
status ASA I-ll, participated in the mentioned studies, the
PSV regimen also showed its efficacy in patients with
moderate obesity (body mass index (BMI) 25-35 kg/m?)
and physical status II-Ill according to ASA. This category
of patients underwent PSV respiratory support, as a
result there were observed intraoperative improvement in
oxygenation index (PaO,/FiO,) and higher values of SpO,in
the early postoperative period compared to a group receiving
pressure-controlled forced ventilation (CMV-PC) [48].

A number of studies have shown that besides general
anesthesia with supraglottic airways, PSV may also be
useful during anesthesia with tracheal intubation. The
use of a pressure-supported independent breathing mode
during general anesthesia accompanied by tracheal
intubation may also reduce wake-up and extubation time.
Interestingly, the level of depth of anesthesia according to
BIS monitoring in this study remained normal and did not
differ between groups (using PSV and CMV-VC) [1].

When comparing PSV and CPAP modes during
anesthesia with tracheal intubation, it was shown that the
use of pressure support provides a lower respiratory rate
and lower end-expiratory carbon dioxide level, as well as
stable respiratory volume [5].

Among other things, the mode of independent
breathing with pressure support can be useful for patients
coming to an operating room from intensive care units.
This category of patients is initially in severe condition and
requires pressure assisted ventilation. Thus, it is possible
to ventilate these patients in the same mode as in the
intensive care unit. This can help prevent deleterious
effects of forced ventilation on the compromised respiratory
and cardiovascular systems [44].

It should be stated that pressure support regimen
during the maintenance phase of anesthesia is evaluated
in significantly fewer studies than during the induction
phase of anesthesia. Apparently, it seems that using this
mode during the maintenance of general anesthesia is
less common in clinical practice. In addition, the majority
of trials that evaluated the intraoperative use of PSV mode
used total intravenous anesthesia, the possibility of such
ventilation against the background of inhalation anesthetics
was evaluated much less frequently.

Completion of general anesthesia, awakening

The main purpose of using protective intraoperative
ventilation is to make intraoperative ventilation safer by

reducing the probability of postoperative pulmonary
complications; however, it has been shown that all the
positive aspects achieved by improving the methods of
respiratory support at the initial and main stages of general
anesthesia can be lost during awakening and extubation
[47]. There are works [18, 31] that demonstrated that atele-
ctasis of lung tissue occurs at the final stage of general
anesthesia, despite the protective strategy of artificial
ventilation at the main stage. Thus, it was revealed that
pulmonary atelectasis occurs in 39% of patients at the time
of extubation and full awakening of a patient [31]. In this
regard, a study devoted to the influence of ventilation mode
on the severity of pulmonary atelectasis after extubation at
the end of anesthesia should be noted. According to the
data presented, the incidence of postoperative atelectasis
in patients who received PSV ventilation before awakening
was much lower than in patients breathing independently
without device support [18].

Some authors have demonstrated that the pressure
support mode used at the end of general anesthesia, at
the stage of extubation and awakening can both potentially
prevent postoperative pulmonary complications and improve
intraoperative gas exchange, as well as significantly improve
patient comfort in comparison with other approaches to
respiratory support at this stage of general anesthesia [1,
6, 28, 48]. First of all, we are talking about reducing the
severity of the cough reflex during extubation. Despite the
fact that coughing is a necessary physiological reflex, its
severe and prolonged character may cause a whole set of
adverse effects, including increased intracranial, intraocular,
and intra-abdominal pressures [26]. In addition, severe
repetitive coughing leads to a significant increase in blood
pressure, depleting coronary blood flow [20].

Many influences can trigger the cough reflex. However, in
the case of postextubation cough, it is certain that the main
trigger is a mechanical impact of an intubation tube on the
airway [26]. Extubation itself is often causes bronchospasm
or laryngospasm, which may lead to the development of
hypoxemia, directly threatening patient’s life.

In recent decades, a considerable amount of studies
have been conducted aimed at selecting pharmacologic
methods to reduce airway irritation under caused by
intubation tubes. These include irrigation of the vocal folds
with local anesthetic solution during direct laryngoscopy,
its intravenous administration and even injection of local
anesthetic solution into the cuff of the intubation tube. Some
authors suggest using beta-blockers, calcium channel
antagonists, and opioids for this purpose. At the same
time, a study by Richardson et al. showed that the use of
PSV mode on awakening, immediately before extubation,
significantly reduces the severity of the cough reflex caused
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by the endotracheal tube than the mode of forced ventilation
or independent breathing without device support [35].

Our clinic has conducted a study on a similar topic. We
evaluated the frequency and severity of postextubation
cough, as well as the time of awakening and extubation
in patients who underwent routine general surgical
interventions under general combined anesthesia with
desflurane with tracheal intubation and myorelaxation at
the main stage of intervention. Patients who underwent
independent breathing with further transfer to the pressure
support mode after completion of the main stage of surgical
intervention, had severe and moderate coughs much less
frequently than patients on forced ventilation during the
whole duration of general anesthesia. At the same time, the
independent breathing group had shorter time intervals from
inhalation anesthetic switch-off to awakening, extubation,
and transfer to a ward [3].

Thus, the use of PSV at the final stage of anesthesia can
potentially reduce the severity of periextubation irritation
of the airways by the endotracheal tube, prevent the
occurrence of severe and recurrent cough. This approach
to respiratory support at the end of general anesthesia can
make this stage more comfortable for the patient, which
is an extremely important aspect of modern medicine.
However, there is no evidence in the literature whether a
pressure support regimen can improve gas exchange in the
early postoperative period, reduce the time of awakening,
extubation and transfer from the operating room.

CONCLUSION

In summary, the use of pressure support mode in an
operating room has quite a few positive effects, which include
improved oxygenation, faster awakening, transfer of a patient out
of the operating room, and greater comfort of the peri-extubation
period. However, we should not forget about some limiting
factors that require special attention from the anesthesiologist.
First of all, it is the dose of narcotic analgesic, obviously
individualized for each patient, at which the respiratory drive
capable of maintaining normal ventilation will be preserved.

It is also worth noting that the use of PSV mode in an
operating roomis not limited to the preoxygenation and induction
phase of general anesthesia, which is the subject of most
available articles. Such tactics of respiratory support can be
successfully and beneficially used at the main stage of general
anesthesia. Supraglottic airways can be used if the surgical
technique does not require the introduction of myorelaxants, as
well as at the final stage of general anesthesia, accompanied
by total myoplegia at the main stage.

Obviously, it is necessary to continue studying this
approach to intraoperative ventilation and its effect on

postoperative pulmonary complications, especially in patients
with existing respiratory pathology. In addition, further
research of this topic may allow to determine more precisely
the limiting doses of narcotic analgesics and anesthetics,
to develop additional requirements for intraoperative
monitoring. It also seems important to study this approach
in more traumatic surgical interventions, taking into account
the multimodal approach to intraoperative anesthesia (use
of non-opioid analgesics, combined anesthesia).
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. BCe aBTOPbI BHECIN CYLLECTBEHHDI
BKNapg B pa3paboTky KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYY M 0f40BpUNN UHANBHYHO
Bepcuto nepep nybnukauuen.

KoHchnukT mHTepecoB. ABTOpbI AeKnapupytoT OTCyT-
CTBME SIBHbIX W MOTEHUMANbHBIX KOH(IIMKTOB MHTEPECOB,
CBA3aHHbIX C Nybrnukauuein HacTosLen CcTaTbMm.

UcTouHnk ¢uHancupoBaHusa. ABTOpbI 3asBNsOT 06
OTCYTCTBUM BHELIHEr0 (PUHAHCMPOBAHUS NpU NPOBELEHUM
“ccneaoBaHms.

REFERENCES

1. Moroz V.V, Likhvantsev V.V., Fedorov S.A. et al. General anes-
thesia with preserved spontaneous breathing through an endotra-
cheal tube. Obschaya Reanimatologiya. 2010;6(4):43-48. DOI:
10.15360/1813-9779-2010-4-43. (In Russian).

2. Pyzhov VA, Khrapov K.N., Kobak A.E. Comparison of efficacy
of spontaneous breathing with pressure support and volume-con-
trolled mandatory ventilation during general combined anesthesia
without muscle relaxants. Vestnik anesteziologii i reanimatologii.
2022;19(6):32-40. DOI: 10.21292/2078-5658-2022-19-6-32-40. (In
Russian).

3. Pyzhov V.A., Khrapov K.N., Miroshkina V.M. Comparison of effec-
tiveness of pressure support and mandatory ventilation modes at
the end of general combined anesthesia. Vestnik anesteziologii i

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N3 2024

ISSN 2658-6584




0B30PbI

83

10.

1.

12.

13.

14.

15.

reanimatologii. 2022;19(4):6-14. DOI: 10.21292/2078-5658-2022-
19-4-6-14. (In Russian).

Bernard N., Matecki S., Py G. et al. Effects of prolonged mechanical
ventilation on respiratory muscle ultrastructure and mitochondrial
respiration in rabbits. Intensive Care Medicine. 2003;29(1):111-118.
DOI: 10.1007/s00134-002-1547-4.

Bosek V., Roy L., Smith R.A. Pressure support improves efficien-
cy of spontaneous breathing during inhalation anesthesia. J Clin
Anesth. 1996;8(1):9K12. DOI: 10.1016/0952-8180(95)00090-9.
Capdevila X., Jung B., Bernard N. et al. Effects of pressure sup-
port ventilation mode on emergence time and intra-operative
ventilatory function: a randomized controlled trial. PLoS ONE.
2014;9(12):e115139. DOI: 10.1371/journal.pone.0115139.

Chiang T.L., Tam K.W., Chen J.T. et al. Non-invasive ventilation for
preoxygenation before general anesthesia: a systematic review and
meta-analysis of randomized controlled trials. BMC Anesthesiology.
2022;22(1):306. DOI: 10.1186/s12871-022-01842-y.

Davidovich N., Di Paolo B.C., Lawrence G.G. et al. Cyclic stretch-in-
duced oxidative stress increases pulmonary alveolar epithelial per-
meability. Am J Respir Cell Mol Biol. 2013;49(1):156-164. DOI:
10.1165/rcmb.2012-02520C.

Futier E., Constantin J-M., Pelosi P. et al. Noninvasive ventilation
and alveolar recruitment maneuver improve respiratory function
during and after intubation of morbidly obese patients: a rando-
mized controlled study. Anesthesiology. 2011;114(6):1354-1363.
DOI: 10.1097/ALN.0b013e31821811ba.

Georgescu M., Tanoubi I., Fortier L-P. et al. Efficacy of preoxyge-
nation with non-invasive low positive pressure ventilation in obese
patients: crossover physiological study. Annales Francaise d’Anes-
thesie et Reanimation. 2012;31(9):161-165. DOI: 10.1016/j.ann-
far.2012.05.003.

Gildner A., Kiss T., Serpa Neto A. et al. Intraoperative protective
mechanical ventilation for prevention of postoperative pulmonary
complications: a comprehensive review of the role of tidal vo-
lume, positive end-expiratory pressure, and lung recruitment ma-
neuvers. Anesthesiology. 2015;123(3):692-713. DOI: 10.1097/
ALN.0000000000000754.

Gupta H., Gupta PK., Fang X. et al. Development and validation of
a risk calculator predicting postoperative respiratory failure. Chest.
2011;140(5):1207-1215. DOI: 10.1378/chest.11-0466.

Harbut P., Gozdzik W., Stjernfalt E. et al. Continuous positive airway
pressure/pressure support pre-oxygenation of morbidly obese pa-
tients. Acta Anaesthesiologica Scandinavica. 2014;58(6):675-680.
DOI: 10.1111/aas.12317.

Hedenstierna G., Edmark L. Protective ventilation during anesthe-
sia: Is it meaningful? Anesthesiology. 2016;125(6):1079-1082. DOI:
10.1097/ALN.0000000000001382.

Hedenstierna G., Tokics L., Lundquist H. et al. Phrenic nerve stimu-
lation during halothane anesthesia. Effects of atelectasis. Anesthe-
siology. 1994;80(4):751-760. DOI: 10.1097/00000542-199404000-
00006.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hussain S.N., Vassilakopoulos T. Ventilator-induced cachexia (edi-
torial). Am J Respir Crit Care Med. 2002; 166(10): 1307-1308. DOI:
10.1164/rccm.2208004.

Irani C., Saade C., Dagher C. et al. Allergy to general anesthe-
tics: evaluation of patients profile. Int J Anesthetic Anesthesiol.
2014;1(3):013. DOI: 10.23937/2377-4630/1/3/1013.

Jeong H., Pisitpitayasaree T., Ahn H. J. et al. Pressure support
versus spontaneous ventilation during anesthetic emergence —
effect on postoperative atelectasis: a randomized controlled
trial. Anesthesiology. 2021;135(6):1004-1014. DOI: 10.1097/
ALN.0000000000003997.

Kelkar K.V. Post-operative pulmonary complications after non-car-
diothoracic surgery. Indian J Anaesth. 2015;59(9):599-605. DOI:
10.4103/0019-5049.165857.

Kern M.J., Gudipati C., Tatineni S. et al. Effect of abruptly in-
creased intrathoracic pressure on coronary blood flow velocity in
patients. Am Heart J. 1990;119(4):863-870. DOI: 10.1016/s0002-
8703(05)80324-2.

Kirmeier E., Eriksson L.I., Lewald H. et al. Post-anaesthesia pul-
monary complications after use of muscle relaxants (POPULAR):
a multicentre, prospective observational study. Lancet Respi-
ratory Medicine. 2019;7(2):129-140. DOI: 10.1016/S2213-
2600(18)30294-7.

Knisely A.S., Leal S.M., Singer D.B. Abnormalities of diaphrag-
matic muscle in neonates with ventilated lungs. J Pediatrics.
1988;113(6):1074-1077. DOI: 10.1016/s0022-3476(88)80585-7.
Lawrence V.A., Hilsenbeck S.G., Noveck H. et al. Medical compli-
cations and outcomes after hip fracture repair. Arch Intern Med.
2002;162(18):2053-2057. DOI: 10.1001/archinte.162.18.2053.
Magnusson L. Role of spontaneous and assisted ventilation
during general anaesthesia. Best Pract Res Clin Anaesthesiol.
2010;24(2):243-252. DOI: 10.1016/j.bpa.2010.02.008.

Manku K., Leung J.M. Prognostic significance of postoperative
in-hospital complications in elderly patients. II. Long-term quality of
life. Anesth Analg. 2003;96(2):590-594. DOI: 10.1097/00000539-
200302000-00052.

Miller K.A., Harkin C.P., Bailey P.L. Postoperative tracheal ex-
tubation. Anesthesia and Analgesia. 1995;80(1):149-172. DOI:
10.1097/00000539-199501000-00025.

Miskovic A., Lumb A.B. Postoperative pulmonary complications. Br
J Anaesth. 2017;118(3):317-334. DOI: 10.1093/bja/aex002.
Moharana S., Jain D., Bhardwaj N. et al. Pressure support ven-
tilation-pro decreases propofol consumption and improves posto-
perative oxygenation index compared with pressure-controlled ven-
tilation in children undergoing ambulatory surgery: a randomized
controlled trial. Can J Anaesth. 2020;67(4):445-451. DOI: 10.1007/
§12630-019-01556-9.

Moriondo A., Pelosi P., Passi A. et al. Proteoglycan fragmentation
and respiratory mechanics in mechanically ventilated healthy rats.
J Appl Physiol (1985). 2007;103(3):747-756. DOI: 10.1152/jap-
plphysiol.00056.2007.

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM 9 N3 2024

eISSN 2658-6576




84 REVIEWS
30. Neumann P., Wrigge H., Zinserling J. et al. Spontaneous breathing  44. Tantawy H., Ehrenwerth J. Pressure-support ventilation in the ope-
affects the spatial ventilation and perfusion distribution during me- rating room do we need it? Anesthesiol. 2006;105(5):872-873. DOI:
chanical ventilator support. Critical Care Medicine. 2005;33(5):1090- 10.1097/00000542-200611000-00004.
1095. DOI: 10.1097/01.ccm.0000163226.34868.0a. 45. Vassilakopoulos T., Petrof B.J. Ventilator-induced diaphragmatic

31. Ostberg E., Thorisson A., Enlund M. et al. Positive end-expira- dysfunction. Am J Respir Crit Care Med. 2004;169(3):336-341.
tory pressure and postoperative atelectasis: A randomized con- DOI: 10.1164/rccm.200304-489CP.
trolled trial. Anesthesiol. 2019;131(4):809-817. DOI: 10.1097/ 46. Von GoedeckeA., Birmacombe J., Hormann C. etal. Pressure support
ALN.0000000000002764. ventilation versus continuous positive airway Pressure ventilation with

32. Pelosi P., Ravagnan |, Giurati G. et al. Positive end-expirato- the ProSeal™ laryngeal mask airway: a randomized crossover study
ry pressure improves respiratory function in obese but not in of anesthetized pediatric patients. Anesth Analg. 2005;100(2):357-
normal subjects during anesthesia and paralysis. Anesthesiol. 360. DOI: 10.1213/01.ANE.0000143563.39519 FD.
1999;91(5):1221-1231. DOI: 10.1097/00000542-199911000-00011.  47. Whalen F.X., Gajic O., Thompson G.B. The effects of the alve-

33. Radell PJ., Remahl S., Nichols D.G., Eriksson L.I. Effects of pro- olar recruitment maneuver and positive end-expiratory pres-
longed mechanical ventilation and inactivity on piglet diaphragm sure on arterial oxygenation during laparoscopic bariatric sur-
function. Intensive Care Med. 2002;28(3):358-364. DOI: 10.1007/ gery. Anesth Analg. 2006;102(1):298-305. DOI: 10.1213/01.
s00134-002-1207-8. ane.0000183655.57275.7a.

34. Radke O.C., Schneider T., Heller AR., Koch T. Spontaneous breathing  48. Zoremba M., Kalmus G., Dette F. et al. Effect of intra-operative pres-
during general anesthesia prevents the ventral redistribution of ventilation sure support vs pressure controlled ventilation on oxygenation and
as detected by electrical impedance tomography, a randomized trial. Anes- lung function in moderately obese adults. Anaesth. 2010;65(2):124—
thesiol. 2012;116(6):1227-1234. DOI: 10.1097/ALN.0b013e318256e€08. 129. DOI: 10.1111/j.1365-2044.2009.06 187 .x.

35. Richardson P.B., Krishnan S., Janakiraman C. et al. Extubation after
anaesthesia: a randomised comparison of three techniques. Acta JIATEPATYPA
Clin Croat. 2012;51(3):529-536.

36. Rothen H.U., Sporre B., Engberg G. et al. Influence of gas compo- 1. Mopo3 B.B., Jluxsarues B.B., ®egopos C.A. n gp. Obwas aHe-
sition on recurrence of atelectasis after a reexpansion maneuver CTe31s C COXPaHEHHBIM CMOHTaHHbLIM [blXaHneM Yepes WHTybaLu-
during general anesthesia. Anestesiol. 1995;82(4):832-842. DOI: OHHyto TpyOky. Obuwasa peaHumaronorus. 2010;6(4):43-48. DOI:
10.1097/00000542-199504000-00004. 10.15360/1813-9779-2010-4-43.

37. Ruszkai Z., Szabo Z. Maintaining spontaneous ventilation during 2.  TbixoB B.A., Xpanos K.H., Kobak A.E. CpaBHeHue 3thheKTUBHOCTH
surgery — a review article. J Emerg Crit Care Med. 2020;4:5. DOI: PEXMMOB CaMOCTOSATENbHOMO AbIXaHUs C NOAAEPKKON AaBneHneM
10.21037/jeccm.2019.09.06. W NPUHYOWTENBHOM BEHTUNALMM C ynpaBneHueMm no obbemy BO

38. Sassoon C.S., Zhu E., Caiozzo V.J. Assist-control mechanical ven- BpeMst 00Llelt koOMBUHMPOBaHHONM aHecTeann Ge3 1Ccnonb3oBaHNs
tilation attenuates ventilator-induced diaphragmatic dysfunction. MUOpPENaKcaHToB. BeCTHMK aHecTe3nonornn 1 peaHuMaTonoruu.
Am J Respir Crit Care Med. 2004;170(6):626-632. DOI: 10.1164/ 2022;19(6):32-40. DOI: 2078-5658-2022-19-6-32-40.
rccm.200401-0420C. 3. TbnkoB B.A., Xpanos K.H., MupowkuHa B.M. CpaBHeHue addek-

39. Serpa Neto A., Cardoso S.O., Manetta J.A. et al. Association TVBHOCTU PEXWMOB NOAAEPXKKA AaBMNEHWEM U NPUHYAWTENbHOM
between use of lung-protective ventilation with lower tidal vo- BEHTUNALMM B KOHLE 0bLiein komMBuHMpoBaHHON aHecTesuu. Bect-
lumes and clinical outcomes among patients without acute respi- HWK aHecTe3nonornm 1 peanumaronorum. 2022;19(4):6-14. DOI:
ratory distress syndrome: a meta-analysis. J Am Med Associat. 10.21292/2078-5658-2022-19-4-6-14.
2012;308(16):1651-1659. DOI: 10.1001/jama.2012.13730. 4. Bernard N., Matecki S., Py G. et al. Effects of prolonged mechanical

40. Shanely R.A., Zergeroglu M.A., Lennon S.L. et al. Mechanical ven- ventilation on respiratory muscle ultrastructure and mitochondrial
tilation-induced diaphragmatic atrophy is associated with oxidative respiration in rabbits. Intensive Care Medicine. 2003;29(1):111-118.
injury and increased proteolytic activity. Am J Respir Crit Care Med. DOI: 10.1007/s00134-002-1547-4.
2002;166(10):1369-1374. DOI: 10.1164/rccm.200202-0880C. 5. Bosek V., Roy L., Smith R.A. Pressure support improves efficien-

41. Silva P.L., Gamma de Abreu M. Regional distribution of transpulmo- cy of spontaneous breathing during inhalation anesthesia. J Clin
nary pressure. Annals of Translational Medicine. 2018;6(19):385. Anesth. 1996;8(1):9K12. DOI: 10.1016/0952-8180(95)00090-9.
DOI: 10.21037/atm.2018.10.03. 6. Capdevila X., Jung B., Bernard N. et al. Effects of pressure sup-

42. Slutsky A.S., Ranieri V.M. Ventilator-induced lung injury. N Eng J port ventilation mode on emergence time and intra-operative
Med. 2013;369(22):2126-2136. DOI: 10.1056/NEJMra1208707. ventilatory function: a randomized controlled trial. PLoS ONE.

43. Suki B., Hubmayr R. Epithelial and endothelial damage induced by 2014;9(12):e115139. DOI: 10.1371/journal.pone.0115139.
mechanical ventilation modes. Curr Opin Crit Care. 2014;20(1):17- 7. Chiang T.L., Tam K.W., Chen J.T. et al. Non-invasive ventilation for

24.DOI: 10.1097/MCC.0000000000000043.

preoxygenation before general anesthesia: a systematic review and

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N3 2024

ISSN 2658-6584




0B30PbI

85

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

meta-analysis of randomized controlled trials. BMC Anesthesiology.
2022;22(1):306. DOI: 10.1186/s12871-022-01842-y.

Davidovich N., Di Paolo B.C., Lawrence G.G. et al. Cyclic stretch-in-
duced oxidative stress increases pulmonary alveolar epithelial per-
meability. Am J Respir Cell Mol Biol. 2013;49(1):156-164. DOI:
10.1165/rcmb.2012-02520C.

Futier E., Constantin J-M., Pelosi P. et al. Noninvasive ventilation
and alveolar recruitment maneuver improve respiratory function
during and after intubation of morbidly obese patients: a rando-
mized controlled study. Anesthesiology. 2011;114(6):1354-1363.
DOI: 10.1097/ALN.0b013e31821811ba.

Georgescu M., Tanoubi I., Fortier L-P. et al. Efficacy of preoxygenation
with non-invasive low positive pressure ventilation in obese patients:
crossover physiological study. Annales Francaise d’Anesthesie et Re-
animation. 2012;31(9):161-165. DOI: 10.1016/j.annfar.2012.05.003.
Giildner A., Kiss T., Serpa Neto A. et al. Intraoperative protective
mechanical ventilation for prevention of postoperative pulmonary
complications: a comprehensive review of the role of tidal volu-
me, positive end-expiratory pressure, and lung recruitment ma-
neuvers. Anesthesiology. 2015;123(3):692-713. DOI: 10.1097/
ALN.0000000000000754.

Gupta H., Gupta PK., Fang X. et al. Development and validation of
a risk calculator predicting postoperative respiratory failure. Chest.
2011;140(5):1207-1215. DOI: 10.1378/chest.11-0466.

Harbut P., Gozdzik W., Stjernfélt E. et al. Continuous positive airway
pressure/pressure support pre-oxygenation of morbidly obese pa-
tients. Acta Anaesthesiologica Scandinavica. 2014;58(6):675-680.
DOI: 10.1111/aas.12317.

Hedenstierna G., Edmark L. Protective ventilation during anesthe-
sia: Is it meaningful? Anesthesiology. 2016;125(6):1079-1082. DOI:
10.1097/ALN.0000000000001382.

Hedenstierna G., Tokics L., Lundquist H. et al. Phrenic nerve stimula-
tion during halothane anesthesia. Effects of atelectasis. Anesthesiolo-
gy. 1994;80(4):751-760. DOI: 10.1097/00000542-199404000-00006.
Hussain S.N., Vassilakopoulos T. Ventilator-induced cachexia (edi-
torial). Am J Respir Crit Care Med. 2002;166(10):1307-1308. DOI:
10.1164/rccm.2208004.

Irani C., Saade C., Dagher C. et al. Allergy to general anesthe-
tics: evaluation of patients profile. Int J Anesthetic Anesthesiol.
2014;1(3):013. DOI: 10.23937/2377-4630/1/3/1013.

Jeong H., Pisitpitayasaree T., Ahn H. J. et al. Pressure support
versus spontaneous ventilation during anesthetic emergence —
effect on postoperative atelectasis: a randomized controlled
trial. Anesthesiology. 2021;135(6):1004-1014. DOI: 10.1097/
ALN.0000000000003997.

Kelkar K.V. Post-operative pulmonary complications after non-car-
diothoracic surgery. Indian J Anaesth. 2015;59(9):599-605. DOI:
10.4103/0019-5049.165857.

Kern M.J., Gudipati C., Tatineni S. et al. Effect of abruptly increased
intrathoracic pressure on coronary blood flow velocity in patients. Am
Heart J. 1990;119(4):863-870. DOI: 10.1016/s0002-8703(05)80324-2.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kirmeier E., Eriksson L.I., Lewald H. et al. Post-anaesthesia pul-
monary complications after use of muscle relaxants (POPULAR):
a multicentre, prospective observational study. Lancet Respi-
ratory Medicine. 2019;7(2):129-140. DOI: 10.1016/S2213-
2600(18)30294-7.

Knisely A.S., Leal S.M., Singer D.B. Abnormalities of diaphrag-
matic muscle in neonates with ventilated lungs. J Pediatrics.
1988;113(6):1074-1077. DOI: 10.1016/s0022-3476(88)80585-7.
Lawrence V.A., Hilsenbeck S.G., Noveck H. et al. Medical compli-
cations and outcomes after hip fracture repair. Arch Intern Med.
2002;162(18):2053-2057. DOI: 10.1001/archinte.162.18.2053.
Magnusson L. Role of spontaneous and assisted ventilation
during general anaesthesia. Best Pract Res Clin Anaesthesiol.
2010;24(2):243-252. DOI: 10.1016/j.bpa.2010.02.008.

Manku K., Leung J.M. Prognostic significance of postoperative
in-hospital complications in elderly patients. II. Long-term quality of
life. Anesth Analg. 2003;96(2):590-594. DOI: 10.1097/00000539-
200302000-00052.

Miller K.A., Harkin C.P., Bailey P.L. Postoperative tracheal ex-
tubation. Anesthesia and Analgesia. 1995;80(1):149-172. DOI:
10.1097/00000539-199501000-00025.

Miskovic A., Lumb A.B. Postoperative pulmonary complications.
Br J Anaesth. 2017;118(3):317-334. DOI: 10.1093/bja/aex002.
Moharana S., Jain D., Bhardwaj N. et al. Pressure support venti-
lation-pro decreases propofol consumption and improves postope-
rative oxygenation index compared with pressure-controlled ven-
tilation in children undergoing ambulatory surgery: a randomized
controlled trial. Can J Anaesth. 2020;67(4):445-451. DOI: 10.1007/
§12630-019-01556-9.

Moriondo A., Pelosi P., Passi A. et al. Proteoglycan fragmentation
and respiratory mechanics in mechanically ventilated healthy rats.
J Appl Physiol (1985). 2007;103(3):747-756. DOI: 10.1152/jap-
plphysiol.00056.2007.

Neumann P., Wrigge H., Zinserling J. et al. Spontaneous breathing
affects the spatial ventilation and perfusion distribution during me-
chanical ventilator support. Critical Care Medicine. 2005;33(5):1090-
1095. DOI: 10.1097/01.ccm.0000163226.34868.0a.

Ostberg E., Thorisson A., Enlund M. et al. Positive end-expira-
tory pressure and postoperative atelectasis: A randomized con-
trolled trial. Anesthesiol. 2019;131(4):809-817. DOI: 10.1097/
ALN.0000000000002764.

Pelosi P., Ravagnan I., Giurati G. et al. Positive end-expirato-
ry pressure improves respiratory function in obese but not in
normal subjects during anesthesia and paralysis. Anesthesiol.
1999;91(5):1221-1231. DOI: 10.1097/00000542-199911000-00011.
Radell P.J., Remahl S., Nichols D.G., Eriksson L.I. Effects of pro-
longed mechanical ventilation and inactivity on piglet diaphragm
function. Intensive Care Med. 2002;28(3):358-364. DOI: 10.1007/
s00134-002-1207-8.

Radke O.C., Schneider T., Heller A.R., Koch T. Spontaneous brea-
thing during general anesthesia prevents the ventral redistribution

& POCCHIICKHE BHOMETIIMHCKIE HCCTEJIOBAHMAL  TOM 9 N3 2024

eISSN 2658-6576




86

REVIEWS

35.

36.

37.

38.

39.

40.

of ventilation as detected by electrical impedance tomography,
a randomized trial. Anesthesiol. 2012;116(6):1227-1234. DOI:
10.1097/ALN.0b013e318256e€08.

Richardson P.B., Krishnan S., Janakiraman C. et al. Extubation after
anaesthesia: a randomised comparison of three techniques. Acta
Clin Croat. 2012;51(3):529-536.

Rothen H.U., Sporre B., Engberg G. et al. Influence of gas compo-
sition on recurrence of atelectasis after a reexpansion maneuver
during general anesthesia. Anestesiol. 1995;82(4):832-842. DOI:
10.1097/00000542-199504000-00004.

Ruszkai Z., Szabo Z. Maintaining spontaneous ventilation during
surgery — a review article. J Emerg Crit Care Med. 2020;4:5. DOI:
10.21037/jeccm.2019.09.06.

Sassoon C.S., Zhu E., Caiozzo V.J. Assist-control mechanical ven-
tilation attenuates ventilator-induced diaphragmatic dysfunction.
Am J Respir Crit Care Med. 2004;170(6):626-632. DOI: 10.1164/
rccm.200401-0420C.

Serpa Neto A., Cardoso S.0., Manetta J.A. et al. Association
between use of lung-protective ventilation with lower tidal vo-
lumes and clinical outcomes among patients without acute respi-
ratory distress syndrome: a meta-analysis. J Am Med Associat.
2012;308(16):1651-1659. DOI: 10.1001/jama.2012.13730.
Shanely R.A., Zergeroglu M.A., Lennon S.L. et al. Mechanical
ventilation-induced diaphragmatic atrophy is associated with
oxidative injury and increased proteolytic activity. Am J Respir
Crit Care Med. 2002;166(10):1369-1374. DOI: 10.1164/rc-
cm.200202-0880C.

41.

42.

43.

44.

45.

46.

47.

48.

Silva P.L., Gamma de Abreu M. Regional distribution of transpulmo-
nary pressure. Annals of Translational Medicine. 2018;6(19):385.
DOI: 10.21037/atm.2018.10.03.

Slutsky A.S., Ranieri V.M. Ventilator-induced lung injury. N Eng J
Med. 2013;369(22):2126-2136. DOI: 10.1056/NEJMra1208707.
Suki B., Hubmayr R. Epithelial and endothelial damage induced by
mechanical ventilation modes. Curr Opin Crit Care. 2014;20(1):17-
24. DOI: 10.1097/MCC.0000000000000043.

Tantawy H., Ehrenwerth J. Pressure-support ventilation in the ope-
rating room do we need it? Anesthesiol. 2006;105(5):872-873. DOI:
10.1097/00000542-200611000-00004.

Vassilakopoulos T., Petrof B.J. Ventilator-induced diaphragmatic
dysfunction. Am J Respir Crit Care Med. 2004;169(3):336-341.
DOI: 10.1164/rccm.200304-489CP.

Von Goedecke A., Birmacombe J., Hormann C. et al. Pressure support
ventilation versus continuous positive airway Pressure ventilation with
the ProSeal™ laryngeal mask airway: a randomized crossover study
of anesthetized pediatric patients. Anesth Analg. 2005;100(2):357-
360. DOI: 10.1213/01.ANE.0000143563.39519 FD.

Whalen F.X., Gajic O., Thompson G.B. The effects of the alveolar
recruitment maneuver and positive end-expiratory pressure on arte-
rial oxygenation during laparoscopic bariatric surgery. Anesth Analg.
2006;102(1):298-305. DOI: 10.1213/01.ane.0000183655.57275.7a.
Zoremba M., Kalmus G., Dette F. et al. Effect of intra-operative pres-
sure support vs pressure controlled ventilation on oxygenation and
lung function in moderately obese adults. Anaesth. 2010;65(2):124—
129. DOI: 10.1111/j.1365-2044.2009.06 187 .x.

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N3 2024

ISSN 2658-6584




