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Abstract

The optimal level of PEEP during laparoscopic surgery without lung injury remains unclear and controversial. We hypothesized
that personalized adjustment of positive end-expiratory pressure (PEEP) by best compliance could improve perioperative gas exchange and
respiratory biomechanics in adult patients undergoing laparoscopic surgery in the reverse Trendelenburg (RT) position.

Objective: The primary objective of the study was to determine the difference in oxygenation between the groups. Secondary objectives
were differences in intraoperative dynamics of compliance and driving pressure.

Methods. A randomized trial was conducted with patients undergoing laparoscopic cholecystectomy, divided into two groups. In the
PEEP titration group (iPEEP), PEEP was adjusted according to best compliance. PEEP titration was performed in 1 cmH20 increments. In control
group (PEEP5) we set PEEP of 5 cmH20.

Results. Sixty patients were included in the study. PEEP during pneumoperitoneum (PNP) did not differ between the two groups at
5 minutes and 1 hour after PNP (t2, 5.3+4.58 vs 5.0+0.0 cmH20, t3 5.93+5.09 vs 5.0+0.0 cmHZ20, respectively, both P>0.05) and corresponded
with esophageal pressure monitoring. Oxygen saturation (Sp02) levels were comparable throughout surgery. Higher driving pressure (DP) was
observed in the iPEEPgroup at 5 minutes post-PNE but DP values remained within protective limits. Compliance decreased in both groups 5
minutes post-PNP but was lower in the iPEEPgroup. These differences in DP and compliance disappeared one hour after PNP and by the end
of surgery. The P/F ratio was significantly higher in the iPEEPgroup compared to the PEEP5 group 1 hour and 24 hours post-surgery (p<0.05),
although the iPEEPgroup had higher preoperative P/F values.

Conclusions. During laparoscopic cholecystectomy in RT position PEEP 5 is sufficient, but some patients need personalized adjustment.
Intraoperative titrated PEEP improved perioperative oxygenation and did not affect on respiratory mechanics.
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Introduction

Annually, approximately 230 million patients
worldwide require surgery with general anesthesia and
mechanical ventilation (MV) [1]. Laparoscopic procedures
are increasingly becoming the primary method of surgical
intervention each year. This technique involves making
a minimal surgical incision to allow camera access,
insufflating the abdomen with carbon dioxide (CO?), and
placing additional ports under direct visual control through
the camera to facilitate the insertion of laparoscopic
instruments [2].

Pneumoperitoneum (PNP) and the patient
position required for laparoscopic surgery lead to
pathophysiological changes that complicate anesthesia
[3]. PNP is characterized by increased intra-abdominal
pressure (IAP) and cranial displacement of the diaphragm,
which can lead to intraoperative atelectasis and decreased
end-expiratory lung volume (EELV) [4,5]. Moreover, PNP
can reduce respiratory system compliance by 30-50% in
healthy patients [6,7]. During elective abdominal surgeries
under general anesthesia, atelectasis forms in almost 90%
of patients [8] and may become a focus of postoperative
pneumonia. One method of preventing the effects of PNP
on lung tissue is the use of positive end-expiratory pressure
(PEEP) [9]. PEEP is recognized as a component of lung
protective ventilation (LPV) along with a low tidal volume
(TV) of 6-8 ml/kg [10,11]. On the other hand, excessive
PEEP can lead to lung overdistension, causing volutrauma
[12] and hemodynamic instability. It is crucial to use
appropriate PEEP levels to minimize atelectasis, improve
respiratory mechanics, and maintain oxygenation.

A recent systematic review and meta-analysis of
intensive care unit (ICU) patients without acute respiratory
distress syndrome (ARDS) found no reduction in in-
hospital mortality or duration of ventilation in patients with
higher PEEP. However, hypoxemia and ARDS occurred less
frequently with higher PEEP (assessed by arterial partial
pressure of oxygen (PaO2) or the Pa02/FiO2 ratio) [13].
In a large observational study of general surgery patients
without obesity, a PEEP of 5 cm H20 was identified as

Materials and methods

Subjects. We conducted a prospective, blinded,
randomized controlled trial (RCT) at Professor Makazhanov
H.J. Multidisciplinary Hospital from April 2021 to June
2022 in Kazakhstan. The study protocol was approved by
Local Bioethics Committee of Karaganda Medical University
(assigned number 66, protocol N218, dated 12.04.2021).
Written informed consent was obtained from all patients
before inclusion in the study. This manuscript adheres to the
CONSORT guidelines.

Sixty consenting patients with ASA physical
status I[-II (see Figure 1 for CONSORT study profile) were
included in the study. All patients underwent laparoscopic
cholecystectomy between April 2021 and June 2022.
Exclusion criteria were age <18 and >65 years, BMI >30 kg/
m2, pregnancy, ASA III-1V patients, life-threatening cardiac
rhythm disturbancesand/or systolicblood pressure <80 mm
Hg despite norepinephrine at a dose >2 pg/kg/min, primary
lung diseases (e.g., interstitial lung disease, interstitial lung
disease, pulmonary emphysema) or tumor metastases to the
lungs, chronic decompensated disease with extrapulmonary
organ dysfunction (tumor progression, cirrhosis, congestive
heart failure), Glasgow Coma Scale score <14 points, upper
airway obstruction. Patients were withdrawn from the
study and replaced in case of protocol violation and when
conversion to open laparotomy cholecystectomy occurred.

a protective factor associated with fewer postoperative
pulmonary complications (PPC) [14]. Additionally, zero
PEEP was associated with worse outcomes, including
increased hypoxemia, ventilator-associated pneumonia,
and in-hospital mortality [15]. One systematic review and
network meta-analysis suggested that individually tailored
PEEP combined with a recruitment maneuver (RM) may
be the optimal ventilation strategy in combination with
low VT in abdominal surgery, but it involved mixed groups
of patients undergoing laparoscopic and open surgery
[16]. A recent systematic review and meta-analysis found
that high and individualized PEEP during laparoscopic
surgery in non-obese patients can improve oxygenation and
respiratory mechanics without causing clinically significant
effects on hemodynamics. While a moderate PEEP may be
insufficient to improve airway compliance and oxygenation,
low PEEP may result in decreased airway compliance
and impaired oxygenation [17]. In obese patients, higher
PEEP may be used, as some studies indicate worsening
respiratory mechanics in this group [18,19]. Although low
VT is recognized as a protective component during surgery,
randomized controlled trials (RCTs) comparing PEEP levels
during laparoscopic surgery have been small and have
shown conflicting results regarding the effects of PEEP on
oxygenation, respiratory mechanics, and hemodynamic
stability [20-25]. Thus, the optimal level of PEEP during
laparoscopic surgery without lung injury remains unclear
and controversial.

Due to the ambiguity of available data, many
authors are actively developing the idea of personalized
intraoperative PEEP titration [26-28], and further studies
are needed to determine an effective and safe intraoperative
PEEP level during laparoscopic surgery.

Objective: The primary objective of the study was to
determine the difference in oxygenation between the groups.
Secondary objectives were differences in intraoperative
dynamics of compliance and driving pressure.

Baseline electrocardiogram (ECG), heart rate (HR),
systolic blood pressure (SBP), diastolic blood pressure
(DBP), mean arterial pressure (MAP), hemoglobin oxygen
saturation (Sp02), and end-tidal carbon dioxide (ETCO2)
were recorded in the operating room using a multi-
frame monitor. Baseline arterial blood gases (ABG) were
measured. After induction of anesthesia with standard
doses of fentanyl, propofol, and rocuronium, general
anesthesia was maintained in TIVA mode by continuous
infusion of propofol and fentanyl. Intravenous crystalloids
and norepinephrine were administered as needed at the
discretion of the attending anesthesiologist. After induction
and intubation, an arterial catheter was placed in the radial
artery for repeated arterial blood gas sampling.

Mechanical ventilation was performed in volume
control mode with inspiratory square flow. Tidal volume
was 6 mL/kg ideal body weight, FIO2 was set to maintain
Sp02 >92%, and respiratory rate was adjusted to achieve
and maintain end-expiratory carbon dioxide concentration
at 30-45 mm Hg. The inspiratory time was 33% of the total
respiratory cycle time, and the inspiratory pause was equal
to 20% of the inspiratory time. Initially, PEEP was not added.
According to the anesthesia maintenance plan, propofol
was administered intravenously at a rate of 2-10 mg/kg/h,
fentanyl 0.05-0.15 mg/kg/min, and emergency rocuronium.
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Study protocol. All patients were randomized into
one of two groups (main or control) using a computerized
randomization sequence (www.sealedenvelope.com);
assignment was communicated to the attending physician
before the patient entered the operating room. The main
group were patients with calculous cholecystitis who
underwent ventilation with PEEP adjustment titrated by
best static compliance; the control group were patients with
calculous cholecystitis who underwent standard ventilation
with PEEP of 5 cmH20 throughout surgery.

In the PEEP titration group (iPEEP), PEEP was
adjusted according to best compliance. PEEP titration was
performed in 1 cmH20 increments. In the control group
(PEEP5), a PEEP of 5 cmH20 was set. Esophageal pressure
monitoring was used in both groups. Group allocation
was concealed in a sealed envelope before induction of
anesthesia.

In both groups, FiO2 was chosen by the anesthesia
staff to maintain an SpO2 > 92% and a plateau respiratory
system pressure (Pplat) < 30 cmH20 according to our
institutional protocol. When Sp02 decreased to 92%, F102
was increased first, followed by PEEP, after excluding
common possible causes such as endotracheal tube
misplacement or airway secretions. If SpO2 persistently
remained below 92%, a recruitment maneuver was
performed with continuous hemodynamic monitoring. In
the iPEEP group, PEEP was adjusted to achieve the best
static compliance.

Tidal volume was based on ideal body weight (6
ml/kg), the inspiratory/expiratory ratio was set to 1:2,
and the breathing frequency was adjusted to maintain an
end-tidal carbon dioxide value < 55 mm Hg in both groups.
Furthermore, recruitment maneuvers could be performed
based on clinical judgment if Sp02 was < 92%. During
recovery from anesthesia, patients were transferred to the
postanesthesia care unit while spontaneously breathing
room air or, when required, oxygen via a Venturi face mask.

Study steps were defined as follows: baseline, before
starting surgery (t0); after intubation in the absence of
external PEEP (t1); randomization and 5 minutes after PEEP
application (t2); after 5 minutes of pneumoperitoneum
application (t3); after 5 minutes the reverse Trendelenburg

and changing position (t4); and 24 hours after surgery (t24).

Measurements. Demographic characteristics such
as sex, age, ASA physical status, body mass index, and ideal
body weight were recorded for each subject. Arterial pH, the
ratio of arterial partial pressure of oxygen to the fraction
of inspired oxygen (PaO2/F102), and arterial carbon
dioxide partial pressure were assessed at randomization,
as well as at one hour and 24 hours after the end of
surgery. Hemodynamic status was continuously monitored
throughout the study, with mean arterial blood pressure
and heart rate recorded from t1 to t4. At each step from t1
to t4, occlusion maneuvers at both end-expiration and end-
inspiration were performed to measure static pressures in
the airways (Pplat) and in the chest. These values were used
to compute static compliance. Volumetric capnography was
also recorded, and the driving pressure of the respiratory
system was calculated.

Statistics. The statistical analysis was carried out
using the Statistical Package for the Social Sciences program,
version 26 (SPSS Inc., Chicago, Illinois, USA). Intergroup
comparisons for variables with a normal distribution were
conducted through Student’s t-test, while variables lacking
normal distribution were assessed using the Mann-Whitney
U test. The x? test was employed for intergroup comparisons
of categorical data, and paired samples t-test was used for
intragroup comparisons. Results are presented as mean (M)
+ SD when quantitative data were normally distributed. In
non-normal distribution, quantitative data were described
based on the median (Me) and upper and lower quartiles
(Q25, Q75). A significance level of P < 0.05 was considered
statistically significant.

Sample size calculations were performed using the
PASS 15.0 program. The sample size determination was
based on observations obtained in a study conducted by
Sen and Erdogan Doventas (29). In this study, the group
with PEEP 10 demonstrated a mean PaO2 of 176.1 (37.9)
mmHg after 30 minutes of pneumoperitoneum, while the
group with PEEP 5 had a mean Pa0O2 of 135.2 (36.9) mmHg.
To detect a similar difference in PaO2 at 80% power and
a 0.05 error, the sample size was 14 persons per group.
Considering possible dropout from the study, total 60 adults
were included.

Enrollment

[ Assessed for eligibility (n= 82) ‘

Excluded (n= 22)

» Mot meeting inclusion criteria (n= 10)
+ Declined o participate {n= 1}

« Other reasons (= 1)

Randomized (n= 60)

y

Allocated o intervention (n= 30)

+ Received allocaled intervention (n= )

« Did not receive allocated intervention (give
reasons) (= )

| Follow-Up

Allecated o intervention (n=30)

+ Received allocated intervention (n= )

+ Did not receive allocated inlervention (give
reasons) (n= )

Lost to follow-up (give reasons) (n= 30)

Discontinued intervention (give reasons) (n=0)

Analysis 3

Lost to follow-up (give reasons) (n= 30)

Discontinued intervention (give reasons) (n= 0)

Analysed (n= 30)
+ Excluded from analysis (give reasons) (n=0)

Analysed (n= 30}
+ Excluded from analysis (give reasons) (n=0)

Figure 1 - CONSORT Flow Diagram
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Results

From April 2021 to April 2022, 82 patients were
eligible for inclusion in the study, but 22 were not included.
Of these, 10 did not meet the inclusion criteria, one refused
to participate, and one was excluded for other reasons,
resulting in 60 patients being included in the study. No
patients dropped out or had incomplete follow-up (Figure
1).

The baseline characteristics of the study groups are
summarized in Table 1. Both groups were well-matched
in terms of gender, age, body mass index (BMI), weight,
height, and smoking status. The iPEEP group consisted of 6
males and 24 females, while the PEEP5 group had 8 males

Table 1 - Basic characteristics of the study group

and 22 females, with no significant difference in gender
distribution (p = 0.54). The mean age was 42.46 + 12.29
years in the iPEEP group and 47.37 + 14.02 years in the
PEEP5 group, without a statistically significant difference
(p = 0.14). Similarly, there were no significant differences in
BMI (25.91 # 3.05 kg/m? vs. 25.26 + 3.585 kg/m?, p = 0.49),
weight (71.70 £ 11.91 kg vs. 67.53 £ 11.39 kg, p = 0.29), and
height (166.03 * 8.48 cm vs. 163.33 + 6.90 cm, p = 0.41)
between the groups. Smoking status was also comparable,
with 5 smokers in the iPEEP group and 6 in the PEEP5 group
(p=0.74). These findings confirm that the study groups were
comparable, allowing for a fair assessment of the effects of
different mechanical ventilation strategies.

Characteristics IPEEP PEEPS p
Sex (M/F) 6/24 8/22 0,54
Age, years 42,46/12,29 47,37/ 14,02 0,14
BM]I, kg/m? 25,91/ 3,05 25,26/ 3,58 0,49
Weight, kg 71,70/ 11,91 67,53/ 11,39 0,29
Height, sm 166,03/ 8,48 163,33/ 6,90 0,41

Smoker, yes/no 5/25 6/24 0,74

Data presented as mean + SD. BMI - body mass index. A value of P < 0.05 was considered statistically significant

F - female, M - male

In terms of oxygenation parameters, SpO2 levels
were similar between the groups throughout the study. The
P/F ratio, a key indicator of oxygenation, was consistently
higher in the iPEEP group at all time points (Figure 2). At
t0, the median P/F ratio was 452.85 (Q25-Q75: 406.19-
547.61) in the iPEEP group, compared to 391.19 (Q25-Q75:
367.14-470.95) in the PEEP5 group (p = 0.028). This trend
persisted at t1, with medians of 438.57 (Q25-Q75: 393.33-

%t“

IPEEP

614.28) vs. 402.85 (Q25-Q75: 353.09-455.83) (p = 0.020),
and at t24, with medians of 480.95 (Q25-Q75: 385.23-
619.04) vs. 378.80 (Q25-Q75: 333.80-463.09) (p = 0.010).
Similarly, the partial pressure of arterial oxygen (Pa02) was
significantly higher in the iPEEP group one hour and 24
hours after surgery, indicating improved oxygenation under
the iPEEP strategy.

X

PEEPS

[ L]
W
[T

Figure 2 oxygenation parameters

P/F - the ratio of partial pressure of oxygen in arterial blood (Pa02) to the fraction of inspiratory oxygen concentration (Fi02) is an
indicator of pulmonary shunt fraction
t0 - before starting surgery
t1 - 1 hours after surgery
t24 - 24 hours after surgery

Conversely, the partial pressure of arterial carbon
dioxide (PaCO2) did not differ significantly between the
groups at any time point. At t0, the median PaCO2 was 33.30
(Q25-Q75: 32.20-35.60) in the iPEEP group, compared
to 35.95 (Q25-Q75: 32.97-38.95) in the PEEP5 group (p =
0.067). Similar non-significant differences were observed at
tl and t24 (p = 0.164 and p = 0.554, respectively).

When examining driving pressure (DP) and static

compliance (Cstat), the iPEEP group showed significantly
higher DP at early time points (Figure 3 and 4, respectively).

At DP1, the median DP in the iPEEP group was 12.00
(Q25-Q75: 11.000-14.250), compared to 10.00 (Q25-Q75:
9.075-12.000) in the PEEP5 group (p = 0.042). At DP2, the
difference was even more pronounced, with medians of
11.00 (Q25-Q75: 10.000-12.000) vs. 9.5 (Q25-Q75: 8.00-
11.00) (p = 0.008). However, no significant differences in DP
were observed at later time points (DP3 and DP4), and static
compliance (Cstat) did not differ significantly between the
groups at any time point.
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Figure 3 DP parameters
DP - driving pressure
1 - after intubation in the absence of external PEEP (t1)
2 - randomization and 5 minutes after PEEP application (t2)
3 - after 5 minutes of pneumoperitoneum application (t3)
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- after 5 minutes the reverse Trendelenburg and changing position (t4)

Ecstatt
M Cstar2
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1T

IPEEP

PEEPS

Figure 4 Cstat parameters
Cstat - static compliance
1 - after intubation in the absence of external PEEP (t1)
2 - randomization and 5 minutes after PEEP application (t2)
3 - after 5 minutes of pneumoperitoneum application (t3)
4 - after 5 minutes the reverse Trendelenburg and changing position (t4)

Finally, gas exchanges parameters during
ventilation, including VCO2 (volumetric capnography),
PetCO2 (partial pressure of end-tidal carbon dioxide),
and EELV (end expiratory lung volume), did not show
statistically significant differences between the iPEEP and
PEEPS groups (table 2). For example, VCO2 and PetCO2

Table 2 - Gas exchanges parameters during ventilation

medians were comparable between the groups at all time
points, with p-values exceeding 0.64 and 0.08, respectively.
Similarly, EELV measurements showed no significant
differences, with p-values greater than 0.09 at all measured
intervals.

IPEEP PEEP5 p
N 30 30

VCo2_1 95,50, (82,50-114,00) 96,00, (78,00-109,50) 0,90

vC02_2 93,00, (78,00-103,50) 99,00, (76,50-108,00) 0,69

VC02_3 96,00, (82,50-102,50) 93,00, (78,00-126,00) 0,64

VC02_4 102,00, (84,00-109,50) 99,00, (90,00-120,00) 0,91
PetCO2_1 28,82, (25,919-31,507) 32,18, (27,757-35,771) 0,49
PetC02_2 37,00, (32,75-38,25) 36,00, (34,00-40,25) 0,08
PetC02_3 36,00, (33,75-38,00) 36,00, (34,00-39,00) 0,73
PetCO2_4 38,00, (35,75-41,25) 40,00, (37,00-43,00) 0,08

EELV_1 - -

EELV_2 167,71, 81,78-250,35 210,94, 162,94-265,13 0,09

EELV_3 169,56,57,70-289,84 147,77,117,04-205,09 0,83

EELV_4 146,40, 45,85-296,83 152,28,122,06-192,73 0,50

Data presented as median and 25th, 75th percentiles. A value of P < 0.05 was considered statistically significant
VCO2 - volumetric capnometry, PetCO2- - arterial partial pressure of carbon dioxide

1 - after intubation in the absence of external PEEP (t1)
2 - randomization and 5 minutes after PEEP application (t2)
3 - after 5 minutes of pneumoperitoneum application (t3)

4 - after 5 minutes the reverse Trendelenburg and changing position (t4)
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In conclusion, the iPEEP strategy resulted in
significantly better oxygenation (higher P/F ratio and Pa02)
compared to the PEEP5 strategy, without significantly
affecting carbon dioxide elimination, driving pressure at
later time points, static compliance, or overall ventilation

Discussion

Our study demonstrated that the PEEP titration
strategy resulted in significantly better oxygenation
compared to the fixed PEEP of 5 cmH,0. This was evident
from the consistently higher P/F ratios and PaO, levels in the
iPEEP group at all measured time points, indicating that the
iPEEP strategy is more effective in maintaining oxygenation
during mechanical ventilation.

These findings align with previous research, which
also highlighted the potential benefits of individualized
PEEP settings. For instance, the study by Meininger et al.
(30) found that higher PEEP levels during robot-assisted
laparoscopic surgery improved oxygenation, particularly
during prolonged procedures. Although the beneficial
effects of PEEP on oxygenation were more pronounced with
longer pneumoperitoneum durations, our study indicates
that even in shorter surgeries, a tailored PEEP approach can
yield significant oxygenation benefits.

Interestingly, despite the improvement in
oxygenation, there was no significant difference in PaCO,
levels between the two groups in our study. This suggests
that while PEEP titration can enhance oxygenation, it does
not adversely affect carbon dioxide elimination, maintaining
respiratory function stability. However, in a previous

Conclusion

In the context of laparoscopic cholecystectomy
performed in the reverse Trendelenburg (RT) position, a
fixed PEEP of 5 cmH,0 generally suffices. However, some
patients may benefit from personalized PEEP adjustments.
Our study demonstrated that titrating PEEP based on
individualized measurements significantly enhances
perioperative oxygenation without adversely affecting
respiratory mechanics. Thus, PEEP titration is a feasible
and potentially superior alternative to fixed PEEP settings.
Future research should investigate the long-term effects of
this strategy, especially in broader patient populations and
various surgical settings.
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Tylinageme

Okneze 3aKbiM KesamipMmelmiH /1anapocKonusiiblK onepayusaap kedioe dem WblFapyobld COHbIHOAG OH KbicbiMHbIH (/CIIK)
oymatinbl deHeelii ani de 6eszicid dcaHe dayabl 60bin Kaabin omolp. biz oymatiast komnaaenc apkbiawl [CLIK sceke mysemy epecek
nayueHmmepoe 1anapockonusiaviK xupypausi ke3inoe, kepi Tpendenenbype (KT) nosuyusicbiHda, hepuonepayusavlk 2a3 aamacyobl HaHe
MBbIHBIC ANy OUOMEXAHUKACLIH HeakKcapma anadslt den 604x#adblk.

3epmmeydiH makcambl: 3epmmeydiH Hezizz2i Makcamyl - monmap apacblHOAFbl 0mmeziMeH KaHbLIFY aliblpMAWbLAbIFbIH QHLIKMAY.
Exinwinik makcammap - KOMNJAAeHC NeH KO3FAyulbl KbICLLMbIHbIY ONepayusiablk OUHAMUKACLIHOAFbI AllbIpMAWbLILIKMApOa aHblkmay.

9ddicmepi. /lanapockonusiablk X0A1eyUCmIKmMomMusi0aH emkeH nayueHmmep apacbiHoa paHdoMu3ayusiAaHFaH ColHaK 6mkisiioi, onap
eki monka 6einoi. JJCIIK pemmey mo6uinda (iPEEP) /ICLIK oymaiinbl catikecmikke calikec pemmendi. J{CLIK pemmey 1 cmH20 kadambimeH
scypeisindi. bakvaay mo6wvinda JCUIK 5 cmH20 (PEEPS) deHeetlinde opHamuladbl.

Hamuoiceci. 3epmmeyze 60 nayuenm kamuicmul. [Tneemonepumoneym (I1HIT) kesinde JJCIIK 5 muvymman scane [THII-den 1 caram
emkeH COH eki monma da atibipMawblablk 604madvl (t2, 53#4,58 kapcwel 5,040,0 cmH20, t3 5,9345,09 Kkapcwet 5,040,0 cmH20, muicinwe, ekeyi
de P>0,05) scaHe eHew KblcbIMbIH 6aKblLaayFa calikec keadi. Onepayus 6apwvicbiHOa ommeziMmeH KaHbiFy deHeelii (Sp02) ykcac 60a0b1. [THII-
den ketiin 5 munym emkeH coH iIPEEPmo6binda Kosraywsl Koicbim (KK) sicorapel 604001, 6ipak KK MaHOepi KopraHbic wekmepinde Kaaobl.
Cotikecmik eki monma da IIHII-den ketiiH 5 Munymmat coy memeHndedi, 6ipak iPEEP mo6sinda memeH 6040bl. bya KK dcane calikecmik
alivipmawslabikmapbl [THII-0eH 1 caram emkeH COH HcaHe onepayust COHbIHA deliiH Hcoranvin kemmi. P/F apakamoeinacwst iPEEP mo6biHda
PEEP5 mo6ubimen canvicmbipranda onepayusdad Keliin 1 caram scoHve 24 caramman KeliiH edayip scorapel 6040bl (p<0,05), 6ipak iPEEP
mo6biHda onepayus andviHdarsl P/F maHOepi scoFapbl 6010bL.

KopbimbiHobL. Jlanapockonusiiblk xoneyucmakmomus kesinde KT nozuyusicotnoa II/JKB 5 scemkinikmi, 6ipak keli6ip nayuenmmepze
Jceke mysemy kasicem. lwki onepayusiavlk pemmenzen /JCIIK nepuonepayusinbl ommeziMeH KaHbIFYObl HaKCapmmbl j#aHe MbIHbIC Aay
MeXaHUKacviHa acep emneoi.

TytiiH ce3dep: dem wibiFapydbll COHbIHOA OH KbICbLM, KOMN/AAEHC, 0Mme2iMeH KaHbIFY, 1anapockonus, 6Knexi KopratimulH dxces0emy.

OnTUMH3anMs MOJIOKUTE/IbHOTO AaBJIEHUS B KOHIIE BbIJ0Xa B 06paTHOM MOJI0KeHUU TpeHae/ieHoypra Bo
BpeMs JIanapoCKONNYeCKO# onepanuy y B3poC/IbiX NalUEHTOB
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Pe3ome

Onmumanvhulll yposenv IIJIKB (nososcumenvHoz2o dagseHust 8 KOHYe 8bl0oxa) 80 epemsi /anapockonuvyeckux onepayull 6es
nospesicoeHusl 1€2KUX 0cmaemcsl HesICHbIM U 8bl3bleaem cnopbl. Mul npednosoxcuau, ymo uvousudyansHas Hacmpolika IIJKB Ha ocHoge
Hauayvwell nodamausocmu (compliance) moxcem yayvwums nepuonepayuoHHbulll 2a3006MeH U OGUOMEXAHUKY ObIXAHUSl ) 83POC/AbIX
nayueHmos, nepeHecuux 1anapocKkonu4eckyio onepayuio 8 nosoxceHuu obpamuozo Tpendeaenbypaa (OT).

Lenv uccnedosanus: OCHOBHOU yeablo uccaedosaHusi 6bl10 onpedeaumb pasHUYyy 8 OKCU2eHayuu Mexcdy 2pynnamu.
BmopocmeneHHble Yeau 8KA0HAAU pA3AUYUS 8 UHMPAONEPAYUOHHOU JuHamuke nodamausocmu u dagneHus 80sxcdeHus (/B).

MemodbL. HpoeedeHo paHdomusupoeaHHoe uccaedosanue cpedu nayueHmos, nepeHecuwux 1anapockonu4eckyr xXo/1eyucmakmomun,
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pasdeseHHbIX Ha dse epynnbl. B epynne mumpayuu [1I/]KB (iPEEP) II/]KB nacmpausa/nocb 8 coomeemcmauu ¢ Hauayvulell nooam/augocmbuio.
Tumpayus I1/JKB nposoduaacs c wazom 1 cm H20. B koumpoawvHotl epynne I1JJKB 6bL10 ycmaHogaeHo Ha yposHe 5 cm H20.

Pesyabmameol. B uccaedosaHrue 6bl10 8kawveHo 60 nayuenmos. IIJKB 6o epems nHesmonepumoneyma (ITHII) He pazauvasnocs
Mmedxcdy deymsi epynnamu vyepes 5 munym u 1 uac nocae ITHII (t2, 53+4,58 npomug 5,0+0,0 cm H20, t3 5,93+5,09 npomus 5,0+0,0 cm H20,
coomeemcmeeHHo, 06a P>0,05) u coomeemcme08a.10 0aHHbIM MOHUMOPUH2a dasieHus 8 nuwesode. YposHu camypayuu Kucaopoda (Sp02)
6bL1U conocmasumbl Ha npomsidceHuu 8celli onepayuu. B epynne iPEEP Ha6ar0an0cs 6osee 8bicokoe dassieHue Ha 800xe Yepes3 5 MuHym
nocse ITHII, Ho 3HayeHust [IB ocmagasucs 8 npedeaax 3aujumHsix 2paruy. [lodamausocms CHU3U/IACL 8 06EUX 2pynnax yepe3 5 MUHym nocie
IIHII, Ho 6bL1a Hudice 8 epynne iIPEEP. 9mu paszauvus 8 /[B u hodamaugocmu ucyesau yepes yac nocae ITHII u k koHyy onepayuu. CoomHoweHue

P/F 6bl10 3HauumenvHo eviuie 8 2pynne iPEEP no cpasHeHutro ¢ epynnoti PEEPS5 uepes 1 uac u 24 uaca nocsae onepayuu (p<0,05), xoms 8
epynne iPEEP 6bl1u 8bluie npedonepayuoHHble 3HaveHus P/F

Buigodul.  Bo epemsi snanapockonuueckoll xoneyucmakmomuu & nososxceruu OT IIJKB 5 cm H20 saeasemcss docmamouHbiM,
HO HeKkomopulM nayueHmam mpe6yemcsi uHdusudyanbHasi Hacmpolika. HumpaonepayuonHoe mumposanue IIJIKB  yayuwuao
nepuonepayuoHHyo OKCU2eHayuio U He N08AUSL/10 HA MEXAHUKY ObIXAHUSL.

Karwouesvle caosa: HﬂKB, nodamsausocmy, OKCuzeHayus, 1anapockonusd, npomeKmueHas 6EHMU/IAYUA /1e2KUX.
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