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ABSTRACT Objective: In patients undergoing mechanical ventilation in la-
paroscopic surgeries, pulmonary gas exchange and oxygenation are impaired due
to many reasons, especially atelectasis. In this study, it was aimed to compare the
effects of positive end-expiratory pressure (PEEP) and recruitment practices on
respiratory mechanics and oxygenation in patients undergoing laparoscopic sur-
gery. Material and Methods: This prospective study was performed with 60
American Society of Anesthesiologists I-II patients who underwent laparoscopic
cholecystectomy. After induction of anaesthesia, the patients were randomly di-
vided into three groups as the patients who were applied +10 cmH,O PEEP du-
ring pneumoperitoneum (Group P), patients who were applied 40 cmH20
continuous positive airway pressure (Group S) after desufflation and the control
group (Group C). Arterial blood gas values before anesthesia, before insufflation,
after insufflation, desufflation and postoperative, respiratory mechanics values
during operation [dynamic lung compliance (Cdyn), airway resistance, peak and
mean airway pressure] were compared with the relevant time data. Results: While
there was a significant decrease in PaO, in Group C in the post-desufflation pe-
riod compared to the pre-insufflation period, an increase in PaO, was observed
in both the groups wherein the manoeuvre was applied, especially in Group S. The
increase in Group S was significantly higher than Group P. In all postoperative pe-
riods, arterial oxygenation values were significantly higher in groups wherein
manoeuvre was applied (Group P: p=0.006, p<0.001, p<0.001; Group S: p=0.042,
p<0.001, p=0.004). Dynamic compliance values decreased in all groups after in-
sufflation. During the desufflation period, Cdyn values were significantly higher
in Group P and especially in Group S compared to Group C (p<0.001). Conclu-
sion: Recruitment manoeuvres are effective and safe in preventing impairment of
blood gas and respiratory mechanics in patients undergoing laparoscopic surgery.
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OZET Amag: Laparoskopik ameliyatlarda mekanik ventilasyon uygulanan
hastalarda pulmoner gaz degisimi ve oksijenasyon basta atelektazi olmak {izere
bircok nedenden dolayr bozulmaktadir. Bu ¢alismada, laparoskopik cerrahi
gegiren hastalarda pozitif ekspirasyon sonu basinci [positive end-expiratory pres-
sure (PEEP)] ve recruitment uygulamalarinin solunum mekanigi ve oksijenasyon
iizerine etkilerinin karsilagtiritlmas: amaglanmistir. Gere¢ ve Yontemler: Bu
prospektif ¢alisma, laparoskopik kolesistektomi uygulanan 60 Amerikan
Anestezistler Dernegi I-1I hasta ile gergeklestirildi. Anestezi indiiksiyonu sonrasi
hastalar pnomoperiton sirasinda +10 cmH,O PEEP (Grup P), desiiflasyon sonrasi
40 cmH20 siirekli pozitif hava yolu basinci uygulanan hastalar (Grup S) ve kon-
trol grubu (Grup C) olarak randomize gruplara ayrildi. Anestezi Oncesi, in-
siiflasyon dncesi, insiiflasyon sonrasi, desiiflasyon ve postoperatif arteriyel kan
gazi degerleri, operasyon sirasindaki solunum mekanik degerleri [dinamik akciger
kompliyansi (Cdyn), hava yolu direnci, tepe ve ortalama hava yolu basinci] ilgili
zaman verileri ile karsilastirildi. Bulgular: Grup C’de PaO,’de desiiflasyon
sonrast dénemde, insiiflasyon dncesi doneme gore anlamli bir diisiis olurken,
manevranin uygulandigi her 2 grupta 6zellikle de Grup S’de PaO,’de artis go-
zlendi. Grup S’deki artis, Grup P’den anlamli derecede yiiksekti. Tiim postoper-
atif donemlerde manevra uygulanan gruplarda arteriyel oksijenasyon degerleri
anlamli olarak yiiksekti (Grup P: p=0,006, p<0,001, p<0,001; Grup S: p=0,042,
p<0,001, p=0,004). Insiiflasyon sonrasi tiim gruplarda Cdyn degerleri azaldi.
Desiiflasyon déneminde Cdyn degerleri Grup P’de ve zellikle Grup S’de Grup
C’ye gore anlamli olarak yiiksekti (p<0,001). Sonu¢: Recruitment manevralari,
laparoskopik cerrahi geciren hastalarda kan gazi ve solunum mekaniginin
bozulmasini dnlemede etkili ve giivenlidir.

Anahtar Kelimeler: Anestezi, genel; laparoskopik cerrahi;
pozitif basingli solunum; pulmoner atelektazi;
solunum mekanigi
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Several factors can cause impairment in pul-
monary gas exchange and arterial blood oxygenation
in patients who are mechanically ventilated during
general anaesthesia. The main reason for this is the
atelectasis that develops during surgery.! Studies have
shown that, following anaesthesia induction in pa-
tients who are applied neuromuscular block and me-
chanical ventilation, lung compliance and functional
residual capacity (FRC) decreased because of the
pushing of the diaphragm, and atelectatic areas de-
veloped in the lung areas close to the diaphragm.>*
Gas resorption accompanied by compression of the
lung tissue due to decreased respiratory tone is also
involved in the development of atelectasis. There is a
relationship between the volume of atelectasis and
the size of the shunt.**

In laparoscopic surgery, carbon dioxide insuf-
flation into the abdomen with positive pressure is es-
sential.® Factors such as atelectasis, decreased FRC
and lung compliance resulting from increased in-
traabdominal pressure may affect the respiratory sys-
tem and make the impairment in gas exchange more
pronounced.” Carbon dioxide absorption from the in-
traperitoneal cavity and the change in the dead space
volume may also affect this disorder.®® It has been
shown that adverse effects on respiratory mechanics
and oxygenation continue even in the periods after
desufflation in patients treated with pneumoperi-
toneum.’

Many different ways such as preserving respira-
tory muscle tone, reducing resorption atelectasis, ap-
plying positive end-expiratory pressure (PEEP) and
recruitment manoeuvres are used to prevent the de-
velopment of atelectasis. Recruitment is a series of
breathing manoeuvres applied to open closed alveoli
and is defined at different durations and pressures.>!°

The goal of our study is to compare the effects of
PEEP and recruitment manoeuvres on respiratory me-
chanics and oxygenation in patients undergoing la-
paroscopic surgery.

I MATERIAL AND METHODS

After obtaining the concent of the Clinical Studies
Ethics Committee of Istanbul University Cerrahpasa
Faculty of Medicine (06/04/2002, Number: 10800),
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the present study was conducted prospectively with
60 adult patients of American Society of Anesthesi-
ologists (ASA) I-II who were scheduled to undergo
laparoscopic cholecystectomy in the general surgery
operating Istanbul
Cerrahpasa Medical Faculty. This study was con-

room  within University
ducted in accordance with the Declaration of
Helsinki. Patients with chronic or acute lung, heart,
kidney, metabolic and endocrine diseases and using a
drug that would impair the acid-base balance and
cause electrolyte disturbances were excluded from
the study. The patients were randomly separated into
three groups; as the patients who were applied 10
cmH,0O PEEP during pneumoperitoneum (Group P),
patients who were applied 40 cmH,O continuous pos-
itive airway pressure (CPAP) (Group S) after desuf-
flation and the control group (Group C).

Patients who were taken to the operating room
were sedated with intravenous (IV) 0.03 mg/kg mi-
dazolam after their standard monitoring. Invasive ar-
terial pressure monitoring was performed by placing
a 20G cannula in the radial artery under local anaes-
thesia in patients who had the Allen test performed
preoperatively.

In the induction of anesthesia, 2 mg/kg propo-
fol, 2 pgr/kg fentanyl and 0.2 mg/kg cisatracurium
were used. Orotracheal intubation was performed
with 8 and 7.5 size intubation tubes in male and fe-
male patients, respectively after adequate muscle re-
laxation was achieved in patients who were
oxygenated with mask. Mechanical ventilation was
applied with the Drager Sulla 808 V device (Dréger,
Germany) with a tidal volume of 8 mL/kg and a res-
piratory frequency of 12 per minute. Additionally, 2%
volume sevoflurane and 50% O,/air mixture were
used for maintenance of anaesthesia. At certain times,
1 pgr/kg fentanyl and 0.03 mg/kg cis-atracurium
were repeated. Ventilation parameters held steady
throughout in this study. CO, pneumoperitoneum was
created with a laparoscopic insufflator device to
maintain the intraabdominal pressure constant at 12
mmHg during the operation. During the operation,
the operating table was kept in a 15 head-up position.

Patients were intraoperatively monitored for
heart rate (ECQ), invasive arterial pressure (systolic,
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diastolic and mean arterial pressure values), periph-
eral oxygen saturation (Sp0O,), EtCO, using the Mil-
lenia monitor (Millenia, Orlando, USA) and for
dynamic lung compliance (Cdyn), airway resistance
(Raw), peak inspiratory pressure (PIP) and mean
airway pressure (P,.,,) using the Ventrak monitor
(Respiratory Mechanics Monitoring System, No-
vametrix medical systems, Wallingford, Connecti-
cut, USA).

We determined the principles of PEEP and re-
cruitment that we will apply to the groups in the
study, by making use of previous studies.!> In Group
P, +10 cmH,O PEEP was applied during pneu-
moperitoneum. In Group S, after desufflation, 40
cmH,O CPAP was applied for 15 seconds with the
cessation of breathing, and ventilation was continued
for 45 seconds and the same procedure was repeated
(recruitment was achieved by applying apnea for
three breath periods during a one-minute breathing
period and it was performed 2 times in a total of 2
minutes). In Group C, no additional procedure was
applied during mechanical ventilation.

Patients were monitored for their hemodynamic
values before (A) anaesthesia induction, before in-
sufflation (B), 10 minutes after insufflation (C), 10
minutes after desufflation (D), and postoperatively at
minute 30 in the recovery unit (E), at hour 12 (F) and
at hour 24 (QG). Arterial blood gas samples were col-
lected simultaneously at all of the above-mentioned
times and analysed in the Ciba Corning 890 blood gas
device (East Walpole, MA, US) without delay. After
the induction of anaesthesia, the values of respiratory
mechanics were recorded synchronously before in-
sufflation (B), 10 minutes after insufflation (C) and
10 minutes after desufflation (D) (after recruitment
manoeuvres in Group S).

Diclofenac sodium 75 mg intramuscular and on-
dansetron 4 mg IV were administered intraopera-
tively to all patients. At the end of the anesthesia,
neuromuscular block was terminated with 0.01
mg/kg atropine and 0.02 mg/kg neostigmine I'V. At
the end of the operation, the patients were followed
up in the recovery room. The modified Aldreate score
was followed and when it reached 9, they were al-
lowed to exit the recovery room.
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STATISTICAL ANALYSIS

As a result of the pilot study conducted to calculate
the sample size, the influence quantity calculated in
the comparison of the Cdyn measurements of the
three groups was found to be 0.041. As a result of the
power analysis, a total of 60 patients were included in
the study, 20 in each group for a significance level of
0.05, 80% power.

Descriptive statistics are expressed as mean and
standard deviation for quantitative data, and as fre-
quency and percentage for qualitative data. One-way
analysis of variance was used for the intergroup com-
parisons of the data. Bonferroni test, one of the mul-
tiple comparison tests, was used in the presence of
significance. To compare the groups in terms of the
repeated measurements being analysed, the per-
centage change value [percentage change=(last
measurement-first measurement)/first measurement]
compared to the initial measurement was calculated
and compared between the groups. Paired t-test was
used to examine the variance of each measurement
from the initial measurement in the intragroup com-
parison of time-dependent measurements. Fisher-
Freeman-Halton test was used to analyse the
categorical data. The level of significance was deter-
mined as 0=0.05. The statistical analysis of data was
conducted using IBM SPSS 23.0 (IBM Corp. Re-
leased 2015. IBM SPSS Statistics for Windows, Ver-
sion 23.0. Armonk, NY: IBM Corp.) statistics
package programme.

I RESULTS

Sixty ASA I-II patients, including 47 women
and 13 men aged between 23-70, were included in
the study. There was no significant difference
between the groups in terms of gender, age,
body mass index (BMI) and duration of operation
(Table 1).

During the operation, heart rate and mean arte-
rial pressure values of the groups were within normal
limits and stable. There was no significant difference
between the groups in terms of changes in mean ar-
terial pressure and heart rate during the operation and
postoperative period (p>0.05).



Oznur DEMIROLUK et al.

Turkiye Klinikleri ] Med Sci. 2021;41(4):353-61

TABLE 1: Demographic data of the groups.
Group C (n=20) Group P (n=20) Group S (n=20)
Mean (SD) Mean (SD) Mean (SD) p value
Gender:
FIM (n) (%) 16 (80%)/4 (20%) 16 (80%)/4 (20%) 15 (75%)/5 (25%) 1.000°
Age (years) 52.5 (12.46) 51.15 (9.81) 51.2(12.24) 0.916°
BMI (kg/m?) 28.4(3.5) 27.3(4.2) 274 (4.9) 0.68°
Duration of operation (minutes) 74 (24.37) 70.95 (15.85) 73.25(18.23) 0.879°
aFisher-Freeman-Halton test; ®One-way analysis of variance; SD: Standard deviation; F: Female; M: Male; BMI: Body mass index.
TABLE 2: Mean (standard deviation) intraoperative values of PaO,, PaCO,, pH and HCO.
B c D

Pa0O, (mmHg)

Group C 163.42 (28.51) 138.24 (40.71)* 142.67 (29.44)

Group P 153.64 (35.4) 141.98 (28.65) 177.79 (32.65)*

Group S 175.88 (43.68) 167.2 (42.19)& 224 47 (35.36)"#
PaCO, (mmHg)

Group C 36.35 (3.52) 38.87 (3.61) 40.43 (4.68)

Group P 36.23 (2.59) 40.17 (4.08)* 39.06 (5.45)

Group S 34.28 (2.75) 36.99 (4.14) 36.92 (4.64)
pH

Group C 7.40 (0.03) 7.36 (0.04)* 7.36 (0.04)*

Group P 7.40 (0.04) 7.37 (0.05)* 7.37 (0.06)*

Group S 7.42 (0.04) 7.39 (0.04)* 7.38 (0.05)*
HCO3 (mmoliL)

Group C 21.93(1.97) 22.11(1.36) 21.49 (1.40)

Group P 22.72 (1.61) 22.45 (1.54) 21.67 (1.78)

Group S 22.49 (1.39) 22.44 (1.59) 21.26 (1.54)*

*(p<0.05) significant with period B; &(p<0.05) comparison with the control group; #(p<0.05) comparison of the recruitment and positive end-expiratory pressure groups; One-way anal-
ysis of variance was used for intergroup comparisons, and paired t-test was used for in-group comparisons; B: Pre-insufflation; C: Post-insufflation; D: Post-desufflation; PaO,: Partial

arterial oxygen pressure; PaCO,: Partial arterial carbon dioxide pressure; HCO3: Bicarbonate.

1) Intraoperative Arterial Blood Gas Changes
(Table 2);

Pa0, level in Group C was found to be signifi-
cantly lower after insufflation and desufflation com-
pared to the pre-insufflation period (p=0.027,
p=0.012, respectively). In Group P and S, the increase
in the post-desufflation period compared to the pre-
significant (p=0.013,
p=0.011, respectively). In the intergroup compar-

insufflation period was

isons, the post-insufflation decrease in PaO, was in
Group C, was significant compared to Group S
(p=0.026). The post-desufflation increase in PaO,
was significant in Group P compared to Group C
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(p=0.002), and in Group S compared to both Group P
and Group C (p=0.006, p<0.001).

PaCO, values increased in the post-insufflation
period compared to the pre-insufflation levels in all
groups. This increase was found to be significant in
Group P and Group S (p<0.001). The increase in
PaCO, in the post-desufflation period was found to
be significant in Group C (p<0.001).

There was a significant decrease in pH values in
all groups in the post-insufflation period and the post-
desufflation period compared to the pre-insufflation
period (post-insufflation period compared to pre-in-
sufflation, p<0.001 in all groups; post-desufflation
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period compared to pre-insufflation, p<0.05 in all
groups). A significant decrease was observed in
HCO; values in Group P and Group S in the post-
desufflation period compared to the pre-insufflation
period (p<0.05).

2) Pre-and Postoperative Arterial Blood Gas
Changes (Table 3);

A significant decrease was observed in the PaO,
value in Group C at the postoperative hours 12 and 24
compared to the pre-induction period (p=0.010,
p=0.001, respectively). In the intergroup compar-
isons, Pa0O, values were found to be significantly
higher in Group P and Group S compared to Group C
in all postoperative periods (Group P p=0.0006,
p<0.001, p<0.001; Group S p=0.042, p<0.001,
p=0.004, respectively).

A significant increase was observed in the
PaCO, value in Group C in the postoperative recov-
ery period compared to the pre-induction period
(p=0.002). In the intergroup comparison, PaCO,
value in the recovery period was found to be signifi-
cantly lower in Group P and Group S compared to
Group C (p=0.014, p=0.023, respectively).

A significant decrease was observed in pH and
HCO; values in Group C, Group P and Group S in
the postoperative recovery period when compared
with the pre-induction period (pH, p<0.001; HCO;
p<0.05). There was no significant difference between
the groups.

3) Changes in Respiratory Mechanics Values
During Surgery (Table 4);

A significant decrease was observed in the dy-
namic compliance values in Group C, Group P and
Group S in the post-insufflation period when com-
pared with the pre-insufflation period (p<0.001). In
the post-desufflation period, a significant decrease
was observed in Group C compared to pre-insuffla-
tion (p<0.001), while the increase in Group P and
Group S was significant (p<0.001). In comparison
between groups; Cdyn values after desuflation were
significantly higher in Group P and Group S than
Group C (p<0.001). In Group S, it was found to be
significantly higher than Group P (p=0.001).

There was a significant increase in airway resis-
tance values in the post-insufflation period in all three
groups compared to pre-insufflation (p<0.001). After

TABLE 3: Pre and postoperative mean (standard deviation) values of PaO,, PaCO,, pH and HCOs.
A E F G

Pa0, (mmHg)

Group C 80.93 (7.25) 75.14 (10.61) 69.23 (10.38)* 72.63 (6.47)*

Group P 76.69 (7.77) 83 (13.08)** 79.44 (7.88) 816 (8.53)%

Group S 79.85 (10) 83.92 (13.34) 82.84 (14.47)% 81.23 (12.51)
PaCO, (mmHg)

Group C 39.05 (4.67) 46.26 (5.4)* 41.34 (4.6) 39.47 (3.47)

Group P 39.34 (3.23) 41.29 (4.01) 38.27 (2.66) 38.97 (2.68)

Group S 38.86 (3.76) 40.99 (3.49)¢ 38.48 (4.18) 38.23 (3.29)
pH

Group C 7.38(0.04) 7.30 (0.04)* 7.36 (0.03) 7.39(0.02)

Group P 7.39(0.04) 7.33 (0.04)* 7.40(0.02) 7.41(0.02)

Group S 7.38(0.02) 7.32(0.03)* 7.37 (0.04) 7.39(0.02)
HCO5 (mmoliL)

Group C 23.1(14) 2178 (1.55)* 22.8(1.35) 2357 (1.25)

Group P 23.14 (1.96) 21.42 (1.76)* 23.4(1.31) 23.03 (1.39)

Group S 23.12(1.87) 2111 (1.67) 22.3(2.1) 23,52 (1.91)

*(p<0.05) significant with period A; 4(p<0.05) comparison with control group; One-way analysis of variance was used for intergroup comparisons, and paired t-test was used for in-group
comparisons; A: Pre-induction; E: Postoperative recovery; F: Postoperative 12" hour; G: Postoperative 24" hour.
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TABLE 4: Cdyn, Raw, PIP and Pmean, mean (standard deviation) values during surgery.

B

Cdyn (mL/cmH,0)

Group C 52.01(5.39)

Group P 51.75 (7.89)

Group S 55.65 (5.94)
Raw (cmH,0/lt/sec)

Group C 17.91 (2.54)

Group P 17.74 (3.73)

Group S 17.09 (4.27)
PIP (cmH,0)

Group C 18.05 (3.81)

Group P 15.78 (4.06)

Group S 18.56 (4.32)
Pmean (cmH,0)

Group C 6.73 (1.57)

Group P 6.32 (1.26)

Group S 7.32 (1.85)

c D
32.21 (4.41)* 44.44 (5.18)*
34.9 (6.09)* 57.23 (10.26)*
36.68 (5.28)" 68.49 (11.41)#
23.4 (2.86)" 18.97 (2.36)*
2198 (3.9)* 17.35 (3.63)
22,55 (4.93)* 16.22 (3.8)%
2458 (4.25) 19.06 (3.89)*
21.96 (4.49)* 15.16 (3.5)&
23.08 (3.96)* 17.55 (4.06)&
8.91 (2.26)" 7.3(162)
7.87 (1.24)* 6.18 (1.65)

8.31(1.84) 8.7 (2.47)

#(p<0.05) Comparison of the recruitment and positive end-expiratory pressure groups; *(p<0.05) significant with period B; 4(p<0.05) comparison with control group; One-way analysis
of variance was used for intergroup comparisons, and paired t-test was used for in-group comparisons; B: Pre-insufflation; C: Post-insufflation; D: Post-desufflation; Cdyn: Dynamic
compliance; Raw: Airway resistance; PIP: Peak inspiratory pressure; Pmean: Mean airway pressure.

desufflation, the increase in Group C was significant
compared to the pre-insuftlation period (p=0.029). In
comparison between groups; after desufflation, Raw
value was significantly lower in Group S than Group
C (p=0.044).

There was a significant increase in PIP values in
the post-insufflation period in all three groups when
compared with pre-insufflation period (p<0.001). In
comparison between groups, PIP in the post-desuf-
flation period was found to be significantly lower in
Group P and Group S when compared with Group C
(p=0.024; p=0.005, respectively).

A significant increase was observed in the P, ..,
values in Group C and Group P in the post-insuffla-
tion period when compared with pre-insufflation pe-
riod (p<0.001). In the desufflation period, the
decrease in the P, ,, value in Group S was signifi-

cant when compared with Group C (p=0.037).

I DISCUSSION

Different applications have been used to increase the
partial pressure of arterial oxygen by reopening the
lungs that collapse under general anaesthesia.” Re-
cruitment manoeuvres and PEEP are among such ap-
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plications.!® In our study, we tried to determine the
effectiveness of the PEEP and recruitment manoeuvre
methods by measuring respiratory mechanics values
and partial arterial oxygen pressure.

In the present study, while there was a signifi-
cant decrease in the partial arterial oxygen pressure
value in the control group in the post-desuftlation pe-
riod compared to the pre-insufflation period, the par-
tial arterial oxygen pressure increased in the
manoeuvre group, particularly in those who were ap-
plied the recruitment manoeuvre. Intraoperative com-
pliance values decreased with pneumoperitoneum in
all three groups. While this decrease continued in the
control group, it improved with PEEP and recruit-
ment applications in the other two groups. We ob-
served that this improvement was more pronounced
especially in the group in which we applied recruit-
ment.

Various studies have been conducted on the ef-
fectiveness of PEEP and recruitment manoeuvres in
patients undergoing prolonged mechanical ventila-
tion.!®!' Rothen et al. compared the cases where they
gradually increased airway pressure to 10, 20, 30 and
40 cmH,0 during general anaesthesia and those who
were applied a one-time inflation (vital capacity ma-
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noeuvre) with a pressure of 40 cmH,O. They stated
that vital capacity manoeuvre with a pressure of at
least 40 cmH,O opens all atelectatic lung tissues and
provides a significant reduction in the amount of
shunt.!? In another study, Rothen et al. observed that
when they applied the apnoea time for 7-8 seconds in
the recruitment manoeuvre, the atelectatic areas
formed by general anaesthesia were completely
opened and oxygenation significantly improved.'? In
our study, we performed a 40 cmH,O recruitment ma-
noeuvre with an apnoea duration of 15 seconds.

Kim et al. reported that in laparoscopic chole-
cystectomies, 5 cmH,O PEEP application during
pneumoperitoneum preserves arterial oxygenation
without affecting hemodynamic parameters and is
useful in preventing atelectasis.'* Choi et al. demon-
strated by computed tomography that PEEP along
with recruitment manoeuvre during robotic surgery
reduces the development of atelectasis due to pneu-
moperitoneum and general anaesthesia when com-
pared with PEEP application alone. They stated that
the application of PEEP along with recruitment was
beneficial in providing intraoperative oxygenation
and preventing postoperative pulmonary complica-
tions.? Claxton et al. reported in their study that re-
cruitment application is a useful method to correct
arterial oxygenation, especially in the early postop-
erative period, compared to 5 cmH,O PEEP applica-
tion alone.'® Unlike these studies, Arora et al. reported
that 10 cmH,O PEEP application in laparoscopic
cholecystectomies did not increase intraoperative
oxygenation compared to traditional ventilation
strategies.'® In our study, we applied 10 cmH,O PEEP
level. Compared to the pre-insufflation period, we ob-
served a post-desufflation increase in the PaO, value,
especially in the recruitment group, in both groups
that we applied the manoeuvre.

Futier et al. reported in their study that the ad-
ministration of 10 cmH,O PEEP alone during pneu-
moperitoneum improved respiratory mechanics but
did not provide a significant improvement on oxy-
genation. In addition, they showed that recruitment
was beneficial in improving oxygenation with respi-
ratory mechanics.'” Nguyen et al. reported that there
is a decrease in compliance with pneumoperitoneum
in laparoscopic abdominal surgeries, and recruitment
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application with a gradual increase until 20 cmH,O
PEEP level is effective in improving intraoperative
oxygenation and compliance, but they stated that it
does not prevent the formation of postoperative at-
electasis.* In our study, we observed a significant de-
crease in oxygenation in the control group at the
postoperative hours 12 and 24. Arterial oxygen values
were significantly higher in the manoeuvre groups
than the control group in all postoperative periods.
Based on our findings, we can conclude that PEEP
and recruitment manoeuvres are effective in improv-
ing postoperative oxygenation when compared with
the control group.

In our study, there was a decrease in dynamic
compliance with pneumoperitoneum in all our pa-
tients. We observed a significant improvement in
Cdyn values with PEEP and especially recruitment
applications. While airway resistance, peak and mean
airway pressure values increased with pneumoperi-
toneum in all patients, they decreased with desuftla-
tion. We observed that PEEP and especially the
recruitment manoeuvre were effective in reducing
Raw during this period. In their study, Maracaja-Neto
et al. observed an increase of 19.6% and 23.2% in
peak and plateau pressures, respectively, due to pneu-
moperitoneum. They reported that 10 cmH,O PEEP
application during pneumoperitoneum reduced res-
piratory resistance and respiratory system elastance
and positively affected respiratory mechanics.'® In
their study, Weingarten et al. compared the control
group with the patients who were applied the recruit-
ment manoeuvre followed by 12 cmH,O PEEP, and
reported an increase in Cdyn and a decrease in Raw
with the recruitment application."

During pneumoperitoneum, factors such as the
absorption of carbon dioxide from the intraperitoneal
cavity, decreased FRC and lung compliance as a re-
sult of the diaphragm being pushed due to increased
intraabdominal pressure, can lead to the development
of hypercapnia by affecting the respiratory sys-
tem.”*?! Iwasaka et al. reported that PaCO, and
EtCO, increased, pH decreased, and HCO; concen-
tration remained constant during insufflation in pa-
tients in laparoscopic cholecystectomy.'”-*! Park et al.
reported that PaCO, increased and pH decreased with
pneumoperitoneum in both recruitment and PEEP
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groups in laparoscopic cholecystectomies.?” In our
study, we observed an increase in PaCO, and a de-
crease in pH with pneumoperitoneum in all patients.
Although there was no significant difference in the
early recovery period, PaCO, values were higher in
the control group when compared with the patients
who were applied PEEP and recruitment manoeuvre.
We observed that PaCO, and pH returned to normal
values in all patients at the postoperative hours 12 and
24,

Computed tomography or X-ray techniques have
been used as the most appropriate method to deter-
mine the amount of atelectasis in similar studies. A
limitation of our study is that, since we could not af-
ford the cost of additional imaging for each patient,
we tried to determine the effectiveness of PEEP and
recruitment manoeuvres by measuring respiratory
mechanics values and partial arterial oxygen pres-
sure.

I CONCLUSION

In conclusion, based on the findings obtained in the
study, it can be claimed that recruitment manoeuvres
are an effective and safe method to prevent the im-
pairment in blood gas and respiratory mechanics that
occurs in patients who undergo laparoscopic surgery.
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