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ABSTRACT Objective: To compare the influence of pressure control-
led ventilation (PCV) and the volume controlled ventilation (VCV) on
blood gas and respiratory mechanics during the operation in morbidly
obese patients who underwent laparoscopic sleeve gastrectomy. Mate-
rial and Methods: One hundred patients who had a body mass index
above 35 were divided into PCV (Group A) and VCV groups (Group B).
Heart rate, mean arterial pressure, SpO,, end-tidal CO,, tidal volume,
frequency, Ppeak, Pplateau, compliance values were recorded at baseline,
in every 15 minutes after the CO, insufflation and at 15" minute after the
termination of the insufflation for each patient. Arterial blood gas sam-
ples were obtained at baseline, in the 15" and 60" minutes after the in-
sufflation and at 15" minute after the termination of the insufflation.
Results: The mean levels of Ppeak and Pplateau were significantly lower
in Group A than Group B in all measurement points. The PCV also in-
creased compliance at 15" min of insufflation and at the end of operation.
There was no significant difference between the groups regarding the
mean values of pH, PaO,, PCO,, HCO;, BE, PAO,-Pa0O,. Conclusion:
In laparoscopic sleeve gastrectomy, the PCV mode decreased Ppeak and
Pplateau levels and increased compliance. The PVC found to have an
advantage to VCV during the perioperative period.

Keywords: Obesity; laparoscopy; gastrectomy;
ventilation strategy

OZET Amagc: Laparoskopik sleeve gastrektomi uygulanan morbid
obez hastalarda, operasyon sirasinda uygulanan basing kontrollii ven-
tilasyon (BKV) ve hacim kontrollii ventilasyonun (HKV) kan gazi ve
solunum mekanigi tizerindeki etkisini karsilastirmak. Gere¢ ve Yon-
temler: Beden kitle indeksi 35’ten fazla olan 100 hasta BKV (Grup A)
ve HKV (Grup B) gruplarina ayrildi. Kalp atim hizi, ortalama arter
basinci, SpO,, end-tidal CO,, tidal hacim, frekans, Ppeak, Pplateau ve
kompliyans degerleri baslangigta, CO, insiiflasyonu sonrasi her 15
dk’da bir ve insiiflasyonun sona ermesinden sonraki 15. dk’da
kaydedildi. Arteriyel kan gazi 6rnekleri baglangigta, insiiflasyondan
sonraki 15. ve 60. dk’larda ve insiiflasyonun sona ermesinden sonraki
15. dk’da alindi. Bulgular: Ortalama Ppeak ve Pplateau seviyeleri, tiim
6l¢tim noktalarinda Grup A'da Grup B'den anlamli derecede diisiiktii.
BKYV ayrica insiiflasyonun 15. dk’sinda ve operasyon sonunda
kompliyansi artirdi. PH, PaO,, PCO,, HCO;, BE, PAO,-Pa0O, orta-
lama degerleri agisindan gruplar arasinda istatistiksel olarak anlamli
fark yoktu. Sonug: Laparoskopik sleeve gastrektomide BKV modunda
diisiik Ppeak ve Pplateau seviyeleri ve artmis kompliyans degerleri go-
zlendi. BKV modunun perioperatif donemde HKV’ye gore avantaj
sagladig saptandi.

Anahtar Kelimeler: Obezite; laparoskopi; gastrektomi;
ventilasyon stratejisi

In recent years, there is a serious increase in the
incidence of obesity and bariatric surgery performed
in the obese patients. For sleeve gastrectomy, laparo-
scopic surgical technique is preferred due to its low
surgical and metabolic complications.'

The CO, insuftlation and consequential increase
of the intraabdominal pressure cause respiratory
changes during the laparoscopic surgery. In addition,
PaCO,, inspiratory pressure, intrathoracic pressure
increase and vital capacity, functional residual ca-

Correspondence: Piar SAYIN
Clinic of Anesthesiology and Reanimation, Sisli Hamidiye Etfal Training and Research Hospital, Istanbul, TURKEY/TURKIYE
E-mail: drpinaray@yahoo.com

Peer review under responsibility of Turkiye Klinikleri Journal of Medical Sciences.

Received: 19 Nov 2020

Received in revised form: 31 Jan 2021

Accepted: 25 Feb 2021 Available online: 5 Mar 2021

2146-9040 / Copyright © 2021 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

109


https://orcid.org/0000-0002-4829-4728
https://orcid.org/0000-0003-2247-9764
https://orcid.org/0000-0002-6331-3587
https://orcid.org/0000-0003-0225-1965
https://orcid.org/0000-0002-2036-048X
https://orcid.org/0000-0002-1254-4027
https://creativecommons.org/licenses/by-nc-nd/4.0/

Pimar SAYIN et al.

Turkiye Klinikleri ] Med Sci. 2021;41(2):109-18

pacity (FRC) and compliance decrease during the op-
eration.”” Considering the changes related to the la-
paroscopic surgery together with the respiratory
changes related to the obesity, the perioperative ven-
tilation strategies become important.® Pressure con-
trolled ventilation (PCV) and volume controlled
ventilation (VCV) modes are two possible modes that
can be used. Each mode has its own advantages and
disadvantages.' The VCV provides a pre-determined
tidal volume (TV) and minute volume safety. How-
ever, high ventilator pressure carry a risk of lung
damage. In contrast, PCV restricts the maximum res-
piratory tract pressure applied to the lung and allow
clinician to titrate the pressure according to measured
TV. However, with PCV, TV and minute volume may
become unstable.” Besides, the most important dif-
ference between PCV and VCYV is the flow pattern in
which PCV uses decelerating flow. Some previous
reports indicated that PCV might provide a lower res-
piratory work and a better comfort. Two meta-analy-
ses resulted that ideal ventilations strategy in obesity
surgery cannot be defined from existing literature.”
Recent reports published in last years also highlighted
ongoing need of well-designed studies to clarify the
best strategy for subjects that underwent laparoscopic
obesity surgery.’

In the present study, our objective was to com-
pare the PVC and VCV mode on respiratory me-
chanics and blood gas composition during the
operation in morbidly obese patients, who underwent
a laparoscopic sleeve gastrectomy.

I MATERIAL AND METHODS

This prospective, randomized study was conducted
at Sisli Hamidiye Etfal Training and Research Hos-
pital after the approval of the local ethics committee
(Approval number: 431, Approval date: 17.03.2015).
All participating patients signed an informed patient
consent form. All procedures performed in the pre-
sent study were made in accordance with the ethical
standards of the Helsinki Declaration (2008).

SAMPLE SIZE CALCULATION

The sample size was calculated with G*Power v3.1.7
(Heinrich-Heine-Universitidt-HHU). Based on Toker
et al.’s study, Pplateu levels, the effect size was cal-
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culated as 0.608.° For 0, 80 power with 0.05 error
margin the number of patients for each group was cal-
culated as 50 (100 total).

RANDOMIZATION

A consecutive randomization of the patients was per-
formed.

INCLUSION AND EXCLUSION CRITERIA

Patients between the ages of 18 and 60 years, who
had an American Society of Anesthesiologists (ASA)
physical status I-I11, a body mass index (BMI) above
35 and will undergo a laparoscopic sleeve gastrec-
tomy, were included in the study. Patients, who did
not give consent for the participation, who had severe
restrictive or obstructive lung disease (presence of the
values below 70% in the flow or volume pulmonary
function tests), advanced stage heart failure, neu-
ropsychiatric disorder, peripheral artery disorder and
BMI under 35 were excluded from the study.

PREOPERATIVE EVALUATION

All patients underwent respiratory function tests and
echocardiography before the surgery. Respiratory
physiotherapy was initiated 5 days before the opera-
tion. Demographic characteristics such as age, BMI,
gender were recorded. None of the patients received
premedication.

STANDARD ANESTHETIC CARE
IN OPERATING ROOM

In the operating room, the patients were monitored
with electrocardiography (ECG-D2 derivation), non-
invasive arterial pressure (AP) and oxygen satura-
tion (SpO,). A venous access was established with a
20 gauge cannula (Angiocut) and hydration was ini-
tiated. The preoxygenation of the patient was done
with a facial mask for 3 minutes. A standard anes-
thesia protocol consisting of fentanyl (1 pg.kg™!),
propofol (2 mg.kg!) and rocuronium (0.6 mg.kg™!)
was administered. Doses were administered accord-
ing to the ideal body weight calculation (IBW: For
males: 50+0.91x (height cm-152.4) and for females:
45.5+0.91x (height cm-152.4). Sevoflurane (2%)
and remifentanil (0.25 pg.kg! min') were used for
maintaining the anesthesia. Muscle relaxation was
obtained with administration of rocuronium (0.15



Pimar SAYIN et al.

Turkiye Klinikleri ] Med Sci. 2021;41(2):109-18

mg.kg') bolus doses. Response to rocuronium was
checked from adductor policis muscle (at<2
twitches) by using a train-of-four sequence in every
5 minutes. The intubation was done in supine posi-
tion. For the operation patient position was changed
to 30° head-up position. All operations were done
from same surgical team. Intra-abdominal pressure
was kept in 15 mmHg pressure. End-tidal CO, mon-
itorization was performed. For an invasive AP mon-
itorization, radial artery cannulation was carried out
after the Allen test. Arterial blood gas samples were
obtained.

VENTILATION DYNAMICS-GROUP A

Ventilation was implemented with PCV mode fol-
lowing the intubation. An inspiratory pressure (Pins)
was so adjusted that the TV was 8 mL/kg IBW. Fre-
quency (f) was adjusted to 14 R/min. The positive
end expiratory pressure (PEEP) level was 5 cmH,0,
FiO, was 0.5 and inspiratory to expiratory time was
1:2. The targeted end-tidal CO, level was 35-45
mmHg. If the end-tidal CO,was elevated, the fre-
quency was increased 2 R/min. If this was not suffi-
cient, Pins increased about 2 cmH,0.

VENTILATION DYNAMICS-GROUP B

Ventilation was implemented with VCV mode fol-
lowing the intubation. TV was adjusted to 8 mL/kg
according to the IBW and the frequency (f) was ad-
justed to 14 R/min. The PEEP level was 5 cmH,0,
FiO, was 0.5 and inspiratory to expiratory time was
1:2. The targeted end-tidal CO, level was 35-45
mmHg. If the end-tidal CO, was elevated, the fre-
quency was increased 2 R/min. If this was not suffi-
cient, TV was increased to 10 mL/kg IBW.

Heart rate (HR), mean arterial pressure (MAP),
SpO,, end-tidal CO,, TV, f, Ppeak, Pplateau values
of both groups were recorded as the baseline values.
Following the referral of the patients to surgery, HR,
MAP, SpO,, end-tidal CO,, TV, Ppeak, Pplateau and
compliance values were recorded in every 15 min-
utes between the 15" and 60" minutes after the CO,
insufflation and at 15" minute after the termination
of the insufflation at the end of the surgical proce-
dure. The insufflation pressure levels were recorded
simultaneously.
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Arterial blood gas samples were obtained at 15%
and 60" minutes after the insufflation and at 15%
minute after the termination of the insufflation. pH,
Pa0,, PaCO,, HCO; and BE levels were recorded in
each blood gas analysis. The alveolar-arterial oxygen
gradient (PAO,-Pa0,) was calculated and recorded.

After the operation had been completed, the an-
tagonisation of the neuromuscular blockade was en-
sured with an appropriate dose of Sugammadex
according to the IBW. The tube was removed in pa-
tients with spontaneous respiration and sufficient res-
piratory tract reflexes. Patients with an Aldrete
Recovery Score equal to or greater than nine were
considered as “recovered” and referred to the recov-
ery room.

The duration of the anesthesia (the time between
the induction and the recovery), duration of the oper-
ation (the time between the skin incision and final su-
turing) and the duration of the insufflation (time
between the start and the termination of the CO, in-
sufflation) were recorded.

All complications related to the anesthesia or
surgery were recorded.

STATISTICAL ANALYSIS

Statistical analyses were performed with software pack-
age SPSS v15.0 for Windows. Descriptive statistics
were analyzed for the numeric variables as mean, stan-
dard deviation, minimum and maximum values. Con-
sidering two independent groups, the comparison of
numeric variables was done with Student’s t-test if a
normal distribution was provided and with Mann-Whit-
ney U test if a normal distribution was not provided. In
the dependent group, as the differences of the numeric
variables did not provide a normal distribution, the
analysis was performed with Freedman method. All
group analyses were carried out with Wilcoxon test
method. Subgroup analyses were interpreted with Bon-
ferroni correction method. In groups, the proportions
were analyzed with Chi-square test. Statistical signifi-
cance was accepted at p<0.05.

I RESULTS

CONSORT diagram of the study was presented in
Figure 1. One hundred patients were evaluated in the
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FIGURE 1: CONSORT diagram of the study.

study. There was no statistically significant difference
between groups A and B regarding the gender, ASA
distribution, BMI, mean duration of operation, anes-
thesia, and insufflation (p>0.05 for all comparisons)
(Table 1). No complication was observed in the pa-
tients.

Among the comparisons, HR at 45" minute after
insufflation was significantly high in Group A. (86.5
bpm for group A and 81.1 bpm for Group B,
p=0.039). The MAP at the termination of the insuf-
flation was significantly high in Group B (91.6
mm/Hg for Group A and 97.8 mm/Hg for Group B,
p=0.038). The mean ventilation frequency values at
60" minute after the insufflation were significantly
higher in Group A (14.1 b/m for Group A and 13.4
b/m for Group B, p=0.007). The mean compliance
values were significantly higher in group A at 15%
minute after the insufflation and at the termination of
the insufflation compared to Group B (at 60" minute
of insufflation 30.8 mL/cmH,O for Group A and 29.3
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mL/cmH,0 for Group B, p=0.041, at the end of in-
sufflation 45.8 mL/cmH,O for Group A and 39.5
mL/cmH,0 for Group B, p=0.003 respectively).
Other comparisons for HR and MAP were not sig-
nificant at relevant time points. The TV measure-
ments and mean insufflation pressure levels did not
show a significant difference between groups
(p>0.05 for all comparisons) (Table 2).

The mean Ppeak values were significantly lower
in Group A in all measurements (p<0.001). The mean
Ppeak values were significantly higher between 15
minute and 60" minute after the insufflation com-
pared to the baseline values in both groups
(p<0.001). The Ppeak values decreased signifi-
cantly between 60™ minute after the insufflation
and termination of the insufflation in both groups
(p<0.001) (Table 3).

The mean Pplateau values were significantly
lower in Group A in all measurements (p<0.001,
p=0.004) (Table 2). The mean Pplateau values were
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TABLE 1: Demographic data and time intervals of the study that compare pressure controlled and volume controlled anesthesia in mor-
bidly obese patients underwent sleeve gastrectomy.

Group A
n %

Sex Male 23 46.0

Female 27 54.0

Mean+SD Minimum-Maximum

Age (year) 37.5¢11.9 19-66
BMI 46.645.7 40-65
Anesthesia duration (min) 114.7£18.7 80-155
Operation duration (min) 89.3£17.8 55-135
Insufflation duration (min) 70.8£16.5 45-110

Group B
n % p value
24 48.0 1.000
26 52.0
Mean+SD Minimum-Maximum
39.3+10.5 18-57 0.428
48.5+6.6 40-68.8 0.127
116.3£13.2 90-155 0.605
85.4+14.7 55-120 0.328
67.2+13.1 45-115 0.512

BMI: Body mass index; SD: Standard deviation.

significantly higher between 15" minute and 60
minute after the insufflation compared to the base-
line values in both groups (p<0.001). The Pplateau
levels decreased significantly between 60" minute
after the insufflation and termination of the insuf-
flation in both groups (p<0.001). In Group A, the
mean Ppleteau level decreased significantly at the
termination compared to the baseline (p=0.002)
(Table 3).

There was no statistically significant difference
between the groups regarding the SpO,, end-tidal
CO,, pH, PaO,, HCO;, BE, PAO,-Pa0O, levels. For
PaCO, values the mean PaCO, values at the termi-
nation of the insufflation were significantly higher in
Group B (38.2 for Group A and 39.8 for Group B,
p=0.042) (Table 4).

I DISCUSSION

In a randomized comparative setting on 100 subjects,
we compared the influence of the PCV and VCV on
respiratory and blood gas parameters in morbidly
obese patients who will undergo laparoscopic sleeve
gastrectomy. Our results indicate that PCV can pro-
vide sufficient ventilation and oxygenation with lower
pressure levels compared to VCV. The main finding of
our study is that PCV resulted with low Ppeak and
Pplateau measurements in all measurement points.
The PCV also increased compliance at 15" min of in-
sufflation and at the end of the operation.

In our study, hemodynamic parameters (HR and
MAP) were comparable in both ventilation modes. We

did not detect any difference between two groups in re-
spect of SPO, and end-tidal CO,. The reason for that
might be the implementation of the mechanic ventila-
tion changes, which will provide sufficient ventilation
and oxygenation. Regarding the respiratory mechanics,
comparable TV was ensured in the PCV group with
lower respiratory tract pressures. Moreover, the com-
pliance was higher in PCV group at 15" minute after
the insufflation and after the termination of the insuf-
flation compared to VCV group which will also be re-
garded as an advantage for PCV.

In our study, considering the arterial blood gas
analysis, the levels of pH, PaO,, PaCO, and PAO,-
PaO, were comparable in both groups but they were
achieved with lower respiratory tract pressures in
PVC group. The blood gas analysis performed after
the termination of the insufflation showed that PaCO,
level was higher in VCV group.

VCV and PCV have different control variables.’
VCV provides a pre-determined TV and minute vol-
ume safety. However, optimal adjustment of inspi-
ratory flow, flow waveform and inspiration time by
the clinician is required. During VCV, as a response
to the increased pressure in the respiratory tract,
compliance decreases, resistance increases and the
risk of lung damage caused by the ventilator may in-
crease.

The PCV restricts the maximum respiratory tract
pressure applied to the lung but the TV and minute
volume become unstable. During PCV, the clinician
will titrate the inspiration pressure according to the
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TABLE 2: Comparison of hemodynamic and ventilation parameters between groups.
Group A Group B
n Mean SD n Mean SD p value
Heart rate Beginning 50 87.5 13.5 50 87.4 12.2 0.603
(beats per minute-bpm) Insf 15.min 50 84.0 14.6 50 80.9 12.6 0.259
Insf 30.min 50 84.9 13.7 50 83.3 13.1 0.536
Infl 45. min 50 86.5 13.4 50 81.1 12.0 0.039
Insf 60. min 38 82.0 15.8 38 80.2 10.1 0.558
Insf End 50 79.9 13.1 50 78.1 1.4 0.452
Mean arterial pressure Beginning 50 83.8 12.7 50 85.6 18.2 0.937
(mmHg) Insf 15.min 50 874 15.2 50 89.8 16.3 0.438
Insf 30.min 50 88.2 14.0 50 90.2 15.3 0.511
Infl 45. min 50 89.3 13.0 50 91.4 134 0.428
Insf 60. min 38 88.4 12.9 38 89.5 14.9 0.731
Insf End 50 91.6 15.4 50 97.8 14.3 0.038
Tidal volume (mL/min) Beginning 50 653.3 91.2 50 644.0 66.3 0.559
Insf 15.min 50 634.9 98.0 50 642.5 83.8 0.849
Insf 30.min 50 625.2 100.9 50 643.4 106.2 0.209
Infl 45.min 50 632.0 86.4 50 643.5 107.2 0.228
Insf 60. min 38 636.0 68.7 38 655.8 70.8 0.218
Insf End 50 652.3 83.6 50 657.5 69.1 0.736
Ventilation frequency Beginning 50 121 1.2 50 11.9 0.7 0.408
(breaths/minute. b/m) Insf 15.min 50 13.5 0.8 50 13.2 0.9 0.078
Insf 30.min 50 13.8 1.0 50 13.3 1.0 0.058
Infl 45.min 50 13.7 0.9 50 13.4 0.9 0.081
Insf 60.min 38 141 1.2 38 134 08 0.007
Insf End 50 1.9 1.0 50 1.9 0.7 0.934
Compliance Beginning 50 424 1.1 50 394 10.3 0.085
(mL/cmH,0) Insf 15.min 50 30.8 6.0 50 29.3 72 0.041
Insf 30.min 50 30.6 6.5 50 28.6 6.4 0.052
Infl 45.min 50 314 6.4 50 29.3 75 0.127
Insf 60. min 39 30.5 44 38 29.5 6.0 0.203
Insf End 50 458 1.1 50 39.5 8.9 0.003
Insufflation pressure Beginning 50 0.0 0.0 50 0.0 0.0 1.000
(mmHg) Insf 15.min 50 14.6 1.9 50 14.7 22 0.675
Insf 30.min 50 14.7 1.8 50 15.3 20 0.119
Infl 45.min 50 14.5 1.8 50 14.9 20 0.202
Insf 60. min 39 14.9 20 38 15.4 20 0.296
Insf End 50 0.00 0.00 50 0.00 0.00 1.000

SD: Standard deviation.

measured TV, but the inspiratory flow and flow
waveform tend to preserve a square inspiratory
pressure profile. The most important difference be-
tween PCV and VCV is the flow pattern. PCV uses
decelerating flow. Therefore, some investigators
suggested that PCV might provide a lower respira-
tory work and a better comfort.!° The superiority of
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the PCV on VCV was demonstrated for the
supply of the sufficient oxygenation and normo-
capnia in obese patients, who were diagnosed with
ARDS in intensive care units. In addition, it was
emphasized that hemodynamics might proceed
more stable in PCV as a result of the limitation of
the pressure.!!!?



Pimar SAYIN et al. Turkiye Klinikleri ] Med Sci. 2021;41(2):109-18
TABLE 3: Changes in the Ppeak and Pplateau between groups.
Group A Group B
n Mean SD n Mean SD p value
Ppeak (cmH,0) Beginning 50 218 3.9 50 251 43 <0.001
Insf 15.min 50 26.9 3.7 50 31.1 44 <0.001
Insf 30.min 50 26.7 3.1 50 31.6 4.2 <0.001
Infl 45. min 50 26.9 3.1 50 315 4.3 <0.001
Insf 60. min 37 274 29 38 311 4.3 <0.001
Insf End 50 21.0 3.0 50 25.2 34 <0.001
p value <0.001 <0.001
Pplateau (cmH,0) Beginning 50 213 3.9 50 23.5 46 0.004
Insf 15.min 50 25.7 34 50 28.8 45 <0.001
Insf 30.min 50 25.6 3.0 50 29.5 44 <0.001
Infl 45. min 50 25.7 3.1 50 29.4 4.2 <0.001
Insf 60.min 38 26.3 2.7 38 29.4 46 <0.001
Insf End 50 20.3 29 50 23.6 36 <0.001
p value <0.001 <0.001
The dependent groups, subgroups analyses
Group A Group B
p value p value
P peak insf 15.min-P peak Beg <0.001 <0.001
P peak insf 30.min-P peak Beg <0.001 <0.001
P peak insf 45.min-P peak Beg <0.001 <0.001
P peak insf 60.min-P peak Beg <0.001 <0.001
P peak insf end-P peak Beg 0.009 0.341
P peak insf 30.min-P peak insf 15.min 0.616 0.036
P peak insf 45.min-P peak insf 30.min 0.345 0.532
P peak insf 60.min-P peak insf 45min 0.933 0.422
P peak insf end-P peak insf 60.min <0.001 <0.001
Pplateau insf 15.min-Pplateau beginning <0.001 <0.001
Pplateau insf 30.min-Pplateau beginning <0.001 <0.001
Pplateau insf 45.min-Pplateau beginning <0.001 <0.001
Pplateau insf 60.min-Pplateau beginning <0.001 <0.001
Pplateau insf end-Pplateau beginning 0.002 0.224
Pplateau insf 30.min-Pplateau insf 15.min 0.924 0.049
Pplateau insf 45.min-Pplateau insf 30.min 0.257 0.742
Pplateau insf 60.min-Pplateau insf 45.min 1.000 0.917
Pplateau insf end-Pplateau insf 60.min <0.001 <0.001

SD: Standard deviation; Bonferroni correction method p<0.0055.

Recent studies reported superior outcomes
with PCV. Toker et al. compared PCV and VCV on
104 patients.’ Patients who underwent laparoscopic
hysterectomy were evaluated. The PCV resulted
with a significant decrease in Ppeak, Pmean, Pple-
tau values. The PCV also increased dynamic com-
pliance and resulted with better mean PaO, levels.

Ozyurt et al. compared PCV and VCV on 62 sub-
jects underwent sleeve gastrectomy.'* The PCV re-
sulted with a significant decrease in peak airway
pressures however no significant difference was re-
ported for other respiratory as well as blood gas pa-
rameters. Hans et al. conducted a comparative study
between PCV and VCV on 40 subjects who under-

115



Piar SAYIN et al. Turkiye Klinikleri J Med Sci. 2021;41(2):109-18

TABLE 4: Comparison of arterial blood gas analyses between groups.

GroupA Group B

n Mean sD n Mean sD p value

End-tidal CO, (mmHg) Beginning 50 29.6 32 50 30.3 29 0.238
Insf 15.min 50 316 37 50 315 341 0.986
Insf 30.min 50 31.8 38 50 317 28 0.837
Infl 45.min 50 319 34 50 31.9 3.0 0.895
Insf 60. min 38 32.3 35 38 32.1 36 0.734
Insf End 50 313 37 50 324 36 0.268

Beginning
Insf 15.min
Insf 60. min
End

Beginning
Insf 15.min
Insf 60. min
End

PAO,-Pa0, Beginning

Insf 15.min

Insf 60.min
End

SD: Standard deviation.

went gastric bypass.'* They found that Ppeak values lar effects and PaCO, levels were similar in both
were lower in PCV group, although the other ven- ventilation modes. Only PCO, levels were lower in
tilation parameters and PaCO, and PCO, values VCV group. Dion et al. compared the PCV and
were comparable in both groups. De Baerdemaeker VCV with pressure-controlled volume-guaranteed
et al. compared PCV and VCV on 24 subjects who (PCV-VQG) ventilation in obese patients, who will
underwent laparoscopic gastric banding opera- undergo laparoscopic surgery.! They concluded that
tion.!® The respiratory tract pressures, cardiovascu- PCV-VG and PCV were superior to VCV, because
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they enabled sufficient TV with lower peak pres-
sures.

There are only a few randomized comparative
studies focused on the ventilation strategies in obese
patients, who underwent surgery.”* Aldenkortt et al.
conducted a meta-analysis covering 13 studies with
505 obese patients and investigated the ventilation
strategies in these patients during the perioperative
period.” They reported that the addition of PEEP to
the recruitment maneuver enabled a better oxygena-
tion than the PEEP application alone. However, they
did not determine any significant difference between
two ventilation modes. They concluded that the peri-
operative ventilation strategies in obese patients re-
mained uncertain. Wang et al. conducted another
meta-analysis on the ventilation of the obese patients
and reported that VCV, high PEEP, and recruitment
maneuver (for once) increased the compliance, pre-
vented atelectasis and provided better oxygenation.®

The recruitment maneuver and PEEP application
are one of the discussed subjects among the periop-
erative ventilation strategies in the obese patients.
There were studies showing that they improved the
pulmonary compliance. In a recent report, Sumer et
al. compared the effect of recruitment maneuvers on
60 subjects. Adding recruitment maneuvers was
found superior in improving respiratory mechanics
which was reported according to PaO,, PaCO, and
compliance.® However contradictory studies exists
that adding recruitment maneuvers might cause at-
electasis as a counter-effect.' In addition, it is well
known that the recruitment maneuver decreases the
cardiac output and so causes a drop in the MAP."” In
our study, we did not perform the recruitment ma-
neuver, but we applied PEEP (5 cmH,0) to the pa-
tients in both groups.

The limitations of our study were adding single
type of surgery and excluding patients with obstruc-
tive or restrictive respiratory diseases.
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I CONCLUSION

The PCV was found to be advantageous over VCV,
because it provided sufficient ventilation and oxy-
genation with a lower respiratory tract pressure in the
morbidly obese patients during the perioperative pe-
riod, who will undergo laparoscopic sleeve gastrec-
tomy. Well-designed future studies are needed to
clarify ideal ventilation strategy in morbidly obese
patients who underwent laparoscopic sleeve gastrec-
tomy.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Pinar Sayin, Hacer Sebnem Tiirk, Mustafa Altinay,
Melis Tiirkel Ozkan, Mehmet Mihmanli, Surhan Cinar; Design:
Pinar Sayin, Hacer Sebnem Tiirk; Control/Supervision: Pinar
Sayin, Hacer Sebnem Tiirk, Mehmet Mihmanl, Surhan Cinar;
Data Collection and/or Processing: Pinar Sayin, Hacer Sebnem
Tiirk, Mustafa Altinay, Melis TURKEL Ozkan,; Analysis and/or
Interpretation: Pinar Sayin, Hacer Sebnem Tiirk, Mustafa
Altinay, Surhan Cinar, Literature Review:Pinar Sayin, Mustafa
Altinay, Melis Tiirkel Ozkan,Surhan Cinar; Writing the Article:
Pinar Sayin, Mustafa Altinay, Melis Tiirkel Ozkan, Mehmet
Mihmanl, Surhan Cinar; Critical Review: Pinar Sayin, Mustafa
Altinay, Mehmet Mihmanli, Surhan Cinar,; References and Fund-
ings: Pinar Sayin, Hacer Sebnem Tiirk, Mehmet Mihmanli,
Surhan Cinar; Materials: Pinar Sayin, Mustafa Altinay, Melis
Tiirkel Ozkan.



Pimar SAYIN et al.

Turkiye Klinikleri ] Med Sci. 2021;41(2):109-18

Dion JM, McKee C, Tobias JD, Sohner P, Herz
D, Teich S, et al. Ventilation during laparo-
scopic-assisted bariatric surgery: volume-con-
trolled, pressure-controlled or volume-
guaranteed pressure-regulated modes. Int J
Clin Exp Med. 2014;7(8):2242-7. [PubMed]
[PMC]

Oti C, Mahendran M, Sabir N. Anaesthesia for
laparoscopic surgery. Br J Hosp Med (Lond).
2016;77(1):24-8. [Crossref] [PubMed)]

Candiotti K, Sharma S, Shankar R. Obesity,
obstructive sleep apnoea, and diabetes melli-
tus: anaesthetic implications. Br J Anaesth.
2009;103 Suppl 1:i23-30. [Crossref] [PubMed]

Shenkman Z, Shir Y, Brodsky JB. Periopera-
tive management of the obese patient.
Br J Anaesth. 1993;70(3):349-59. [Crossref]
[PubMed]

Bamgbade OA, Rutter TW, Nafiu OO,
Dorje P. Postoperative complications in obese
and nonobese patients. World J Surg.
2007;31(3):556-60; discussion 561. [Crossref]
[PubMed]

Simer |, Topuz U, Alver S, Umutoglu T, Bakan
M, Zengin SU, et al. Effect of the "Recruit-
ment" Maneuver on Respiratory Mechanics in
Laparoscopic Sleeve Gastrectomy Surgery.
Obes Surg. 2020;30(7):2684-92. [Crossref]
[PubMed] [PMC]

Aldenkortt M, Lysakowski C, Elia N, Brochard
L, Tramer MR. Ventilation strategies in obese
patients undergoing surgery: a quantitative
systematic review and meta-analysis. Br J
Anaesth. 2012;109(4):493-502. [Crossref]
[PubMed]

10.

.

12.

13.

I REFERENCES

Wang C, Zhao N, Wang W, Guo L, Guo L, Chi
C, et al. Intraoperative mechanical ventilation
strategies for obese patients: a systematic re-
view and network meta-analysis. Obes Rev.
2015;16(6):508-17. [Crossref] [PubMed]

Toker MK, Altiparmak B, Uysal Al, Demirbilek
SG. Comparagéo entre ventilagéo garantida
por volume controlado por presséo e venti-
lagéo controlada por volume em pacientes
obesos durante cirurgia laparoscdpica
ginecoldgica na posicdo de Trendelenburg
[Comparison of pressure-controlled volume-
guaranteed ventilation and volume-controlled
ventilation in obese patients during gynecologic
laparoscopic surgery in the Trendelenburg po-
sition]. Rev Bras Anestesiol. 2019;69(6):553-
60. Portuguese. [Crossref] [PubMed)]

Campbell RS, Davis BR. Pressure-controlled
versus volume-controlled ventilation: does it
matter? Respir Care. 2002;47(4):416-24; dis-
cussion 424-6. [PubMed]

Ogunnaike BO, Jones SB, Jones DB, Provost
D, Whitten CW. Anesthetic considerations for
bariatric surgery. Anesth Analg. 2002;95(6):
1793-805. [Crossref] [PubMed]

Prella M, Feihl F, Domenighetti G. Effects of
short-term pressure-controlled ventilation on
gas exchange, airway pressures, and gas dis-
tribution in patients with acute lung injury/
ARDS: comparison with volume-controlled
ventilation. Chest. 2002;122(4):1382-8. Erra-
tum in: Chest. 2003;123(1):315. [Crossref]
[PubMed]

Ozyurt E, Kavakli AS, Ozturk NK. Compara-
¢ao das ventilagdes controlada por volume e

118

14.

15.

16.

17.

controlada por pressdo na mecanica respi-
ratéria em cirurgia bariatrica laparoscopica:
estudo clinico randémico [Comparison of
volume-controlled and pressure-controlled
ventilation on respiratory mechanics in
laparoscopic bariatric surgery: randomized
clinical trial]. Rev Bras Anestesiol.
2019;69(6):546-52. Portuguese. [Crossref]
[PubMed]

Hans GA, Prégaldien AA, Kaba A, Sottiaux
TM, DeRoover A, Lamy ML, et al. Pressure-
controlled ventilation does not improve gas ex-
change in morbidly obese patients undergoing
abdominal surgery. Obes Surg. 2008;18(1):
71-6. [Crossref] [PubMed]

De Baerdemaeker LE, Van der Herten C,
Gillardin JM, Pattyn P, Mortier EP, Szegedi LL.
Comparison of volume-controlled and pres-
sure-controlled ventilation during laparoscopic
gastric banding in morbidly obese patients.
Obes Surg. 2008;18(6):680-5. [Crossref]
[PubMed]

Futier E, Constantin JM, Pelosi P, Chanques
G, Kwiatkoskwi F, Jaber S, et al. Intraopera-
tive recruitment maneuver reverses detrimen-
tal pneumoperitoneum-induced respiratory
effects in healthy weight and obese patients
undergoing laparoscopy. Anesthesiology.
2010;113(6):1310-9. [Crossref] [PubMed]

Nielsen J, @stergaard M, Kjaergaard J,
Tingleff J, Berthelsen PG, Nygard E, et al.
Lung recruitment maneuver depresses central
hemodynamics in patients following cardiac
surgery. Intensive Care Med. 2005;31(9):
1189-94. [Crossref] [PubMed)]


https://pubmed.ncbi.nlm.nih.gov/25232415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4161575/
https://doi.org/10.12968/hmed.2016.77.1.24
https://pubmed.ncbi.nlm.nih.gov/26903452/
https://www.sciencedirect.com/science/article/pii/S0007091217338618?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20007986/
https://www.sciencedirect.com/science/article/pii/S0007091217448173?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/8471381/
https://link.springer.com/article/10.1007/s00268-006-0305-0
https://pubmed.ncbi.nlm.nih.gov/16957821/
https://link.springer.com/article/10.1007%2Fs11695-020-04551-y
https://pubmed.ncbi.nlm.nih.gov/32207048/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7224081/
https://linkinghub.elsevier.com/retrieve/pii/S0007091217320536
https://pubmed.ncbi.nlm.nih.gov/22976857/
https://onlinelibrary.wiley.com/doi/abs/10.1111/obr.12274
https://pubmed.ncbi.nlm.nih.gov/25788167/
https://www.sciencedirect.com/science/article/pii/S0034709419300133?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31836201/
https://pubmed.ncbi.nlm.nih.gov/11929615/
https://journals.lww.com/anesthesia-analgesia/Fulltext/2002/12000/Anesthetic_Considerations_for_Bariatric_Surgery.61.aspx
https://pubmed.ncbi.nlm.nih.gov/12456461/
https://www.sciencedirect.com/science/article/abs/pii/S0012369215378119?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/12377869/
https://www.sciencedirect.com/science/article/pii/S0034709419301618?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31806235/
https://link.springer.com/article/10.1007%2Fs11695-007-9300-2
https://pubmed.ncbi.nlm.nih.gov/18080725/
https://link.springer.com/article/10.1007%2Fs11695-007-9376-8
https://pubmed.ncbi.nlm.nih.gov/18317856/
https://pubs.asahq.org/anesthesiology/article/113/6/1310/9636/Intraoperative-Recruitment-Maneuver-Reverses
https://pubmed.ncbi.nlm.nih.gov/21068660/
https://link.springer.com/article/10.1007%2Fs00134-005-2732-z
https://pubmed.ncbi.nlm.nih.gov/16096751/

