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ABSTRACT

Objective: We compared the air or saline insufflated endotracheal tube (ETT) cuff pressures and their effects on postoperative 
respiratory complications in gynecological laparoscopic surgeries in the Trendelenburg position (TP).
Patients and Methods: This prospective study was carried out on a total of 60 patients, whose ages ranged from 18 to 65 years and 
who were classified by the American Society of Anesthesiologists (ASA) as I-III. They were scheduled for gynecological laparoscopic 
surgery in TP. Patients included in the study were randomly divided into two groups as the saline (Group S, n=30) and air (Group A, 
n=30) groups. ETT cuff pressures and peak airway pressures were recorded immediately after intubation and at 10-minute intervals 
during the intraoperative period.
Results: The cuff pressure and maximum cuff pressure values in the saline group were significantly lower than in the air group in 
the 50-minute (p<0.05). The sore throat and analgesic consumption were significantly lower in Group S in postoperative 24 hours 
(p<0.001, for all).
Conclusion: The intraoperative cuff pressures, postoperative sore throat, and analgesic consumption were lower in the saline-
insufflated group than in the air-insufflated group in gynecological laparoscopic surgery in TP.
Keywords: Laparoscopic surgery, Trendelenburg position, Sore throat, Cuff pressure.
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1. INTRODUCTION

Endotracheal intubation (EI) is the process of tube placement in 
the trachea to maintain the respiratory tract open and regulate 
breathing. The environmental pollution that may result from 
aspiration of gastric contents into the airway, gas leakage, 
and release of medical gases to the external environment is 
prevented by the cuffed endotracheal tubes (ETT) used during 
EI monitoring [1].
Close monitoring of the ETT cuff pressures insufflated 
immediately after EI and during the intraoperative period, 
with a cuff manometer is essential during general anesthesia. 
Although, cuff pressures are closely monitored after tracheal 
intubation, cuff pressures can also be affected by various 
factors such as patient position, temperature, and degree of 

neuromuscular blockade [2-4]. Besides, used medical gases such 
as oxygen, nitrous oxide, volatile inhalation agents can also have 
an effect on cuff pressures.
More severe complications such as transient hoarseness, sore 
throat, tracheal mucosal ulcer, nerve palsy, tracheal rupture, 
or fistula and subglottic stenosis can be observed due to the 
increase in high volume-low pressure ETT cuff pressures that are 
frequently used during general anesthesia [5-8]. Tracheal ulcers 
are more common in intubated intensive care patients after long-
term intubation. Most complications occur due to high ETT cuff 
pressures, especially ischemia of the mucosa in the anterolateral 
surface of the trachea [9]. These complications can be prevented 
by keeping tracheal cuff pressures within the 20-30 cm H2O 
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range, which is regarded as safe. These cuff pressure values are 
considered to be below the values that impair the perfusion of 
the tracheal mucosa and above the values preventing possible 
tracheal aspiration [10-14].
Laparoscopic surgery technique is frequently preferred to 
open surgery in recent years due to its less invasiveness, less 
post-operative pain, and providing faster recovery [15]. The 
endotracheal cuff pressure is known to increase in operations 
performed in the Trendelenburg position (TP) in the 
laparoscopic surgery technique [16].
As a result of the insufflation of the stomach with CO2 during 
the laparoscopy, intrathoracic pressure increases and lung 
compliance decreases in the TP. This causes an increase in 
cuff pressure and related complications [15]. Many drugs and 
methods have been used to prevent postoperative complications 
due to tracheal mucosa damage that occurs after the excessive 
swelling of cuff pressures [17-19].
The primary aim of the present study was to compare the 
ETT cuff pressures insufflated with air or saline during the 
laparoscopic gynecological operations performed in the TP and 
to assess sore throat complications in the postoperative period. 
The secondary aim is to investigate the correlation of post-
operative period duration with surgical position, peak airway 
pressures and changes in cuff pressures.

2. PATIENTS and METHODS

Our study was conducted as a prospective clinical study in 
Anesthesiology and Reanimation Department between August 
2017 and March 2018. The study protocol was approved by 
the Institutional Ethics Committee of Karadeniz Technical 
University, School of Medicine (approval number: 09.2013. 
0262). All patients provided written informed consent.
Sixty-two patients who were scheduled to have laparoscopic 
gynecological surgery in the TP were included in the study. The 
patients were between 18-65 years old, and in the American 
Society of Anesthesiologists (ASA) I-III risk group. The expected 
operation time was 60-180 minutes. Two patients were excluded 
from the study, as one patient’s cuff pressure was deformed 
which caused unreliable values, and one patient’s operation time 
was less than 60 minutes.
Patients with neurological and psychiatric disorders, serious 
cardiovascular and respiratory diseases, an upper respiratory 
infection in the last ten days and had treatment,
 a history of smoking, who was morbidly obese, who had a known 
allergy to anesthetic agents, alcohol or drug addiction, a history 
of bronchospasm, anticipation of difficult intubation, estimated 
duration of surgery below 60 minutes or more than 180 minutes, 
with a history of malignant hyperthermia, unexpected difficult 
intubation, who could not be intubated with first-time insertion 
success and whose cuff pressures were above 40 mmHg during 
follow-up periods were excluded from the study. Besides, 
patients with tracheostomy and severely disordered pulmonary 
compliance including airway anomaly and chronic obstructive 
pulmonary disease were excluded from the study.

The patients in both groups were administered 0.015 mg/
kg midazolam as premedication 15 minutes before anesthesia 
induction in the operating room. Patients were given preoperative 
30-min infusion of 10 ml/kg/h 0.9% sodium chloride. After 
patients were taken to the operating table, electrocardiography 
(ECG), heart rate (HR), non-invasive mean arterial pressure 
(MAP), peripheral oxygen saturation (SpO2), end-tidal CO2 
(EtCO2), (Spacelabs Healthcare, Snoqualmie, WA, USA) and 
bispectral index (BIS) (Aspect Medical Systems, Norwood, MA, 
USA) were applied in standard monitoring.
Patients included in the study were divided into two groups after 
their ETT cuffs were randomly insufflated with saline (Group S, 
n=30) or air (Group A, n=30) to a pressure of 25 cm H2O with 
the help of a cuff pressure manometer (VBM, Medizintechnic 
GmbH, Germany) after EI. Randomization was performed 
before group assignment using computer-assisted random 
numbers from www.randomization. Cuff pressure follow-ups 
were performed with a cuff pressure manometer.
After pre-oxygenation with 100% oxygen for three min., 1µg/kg 
fentanyl, 1 mg/kg lidocaine, 2-3 mg/kg propofol, and 0.6 mg/kg 
rocuronium were administered for the induction of anesthesia. 
After sufficient time for muscle relaxation, EI was performed 
after the BIS values decreased below 60 (Macintosh blade 3 or 
4). Before the EI procedure, cuff leakage control was done, and 
straight tubes with an inner diameter of 7 to 7.5 mm were used. 
Intubation was performed by anesthesiologists who had 3 to 
4 years of experience. Following a successful EI, patients were 
ventilated with tidal volumes of 6-8 ml/kg, frequencies of 10-12/
min. and 32-35 mmHg EtCO2. O2/air (1: 1) and 2-3% sevoflurane 
gas mixture was used and 0.05-2 mcg/kg/min remifentanil 
infusion was administered for the maintenance of anesthesia in 
both groups. The required depth of anesthesia was adjusted to be 
between BIS 40-60. Sevoflurane concentration was titrated to a 
maximum of 3% with 1% increase in cases without tachycardia 
and hypertension, whose BIS values were above 60. Muscle 
relaxants, hypnotics, and analgesics were administered when 
necessary. Heart rates, oxygen saturation, mean arterial pressure 
(MAP), BIS values, cuff pressure values, highest cuff pressure 
values, EtCO2, inspired oxygen values, internal positive end 
expirium pressure (PEEP), and peak airway pressure values of 
all patients were recorded before induction, after intubation, in 
10 – min intervals after induction and just before extubation. 
Besides, the highest values of airway and cuff pressures of the 
patients in the TP were also recorded.
At the end of the operation, when all patients had train-of-four 
(TOF) value above 25%, the non-depolarizing muscle relaxant 
was antagonized with 0.04 mg/kg neostigmine + 0.01 mg/kg 
atropine. When they all had an adequate respiratory depth 
and rate and had stable cardiovascular findings, the patients 
were extubated after oropharyngeal secretions were removed. 
The patients were taken from the operating room to the post-
anesthesia care unit (PACU) when sufficient muscle strength 
(the ability to lift the head and move the extremities according 
to the commands) was observed, and airway stability was 
adequate. Patients with an Aldrete score of ≥ 9 were sent to the 
service from PACU [21]. Besides, sore throat in both groups 
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was evaluated in the postoperative period with the numeric 
rating scale (NRS) scoring system (NRS 0 was described as 
painlessness and NRS 10 was described as the worst pain ever 
experienced) when they were swallowing and not swallowing, 
and the patients with an NRS score of > 3 were administered iv. 
50 mg. tramadol in PACU and in wards. In the postoperative 
period, the NRS scores at the 2nd and 24th hours, and the 
amount of analgesic used during the first 24 hours were 
evaluated and recorded.

Statistical Analysis

The sample size was calculated based on the cuff pressure 
parameter. After setting the alpha error level at 0.05, beta error 
level at 0.20, effect size at 0.7, the required sample size was 
determined as 26 for each group (By considering the potential 
data loss 10%), we averaged the total sample size as 60 (30 
patients for each group).
The data were evaluated with IBM SPSS Statistics 25.0 (IBM 
Corp., Armonk, New York, USA) statistical package software. 
In the complete data, the number of units, denoted by (n), 
percentage, denoted by (%), mean ± standard deviation, 
denoted by (mean ± sd), median, denoted by (M) and quartile 
values, denoted by (Q1-Q3) were used as descriptive statistics. 
The Shapiro-Wilk Normality Test was used for the normality 
distribution of the numerical variables and Q1-Q3 graphics were 
used for evaluation. The Independent Samples t-Test was used 
for the comparisons between saline and air group for normally 
distributed variables, and the Mann-Whitney U test was used 
for non-normally distributed variables.
Since, there were missing observations in repetitive 
measurements, the comparison of the groups over time was 
made with mixed effect models. The estimation of missing 
observations was made according to the restricted maximum 
likelihood method. The Bonferroni test was used for multiple 
comparisons. The descriptive statistics were given as the 
predictive values of the mean and standard error (mean ± sd ) 
in the comparisons with missing observations in the findings. 
Spearman Correlation Analysis was used to examine the 
relationships between measurements. p <0.05 was considered 
statistically significant.

3. RESULTS

Demographic and clinical characteristic data are shown in Table 
I. The cuff pressures of patients in Group S in TP and in supine 
position maximum cuff pressure values were significantly lower 
than in Group A, and peak airway pressure values in the supine 
position were found to be significantly high (p <0.05).
There was no significant difference between the groups during 
follow-up periods in terms of heart rate, mean arterial pressure, 
EtCO₂, internal PEEP, and IAP values (p> 0.05).

Cuff pressure values at 10th, 20th, 30th, 40th, and 50th minutes were 
found to be significantly lower in Group S than in Group A (p 
<0.05) (Table II).
When the airway pressure change of the groups was compared, 
the airway pressure values were found to be significantly higher 
in Group S than in Group A regarding the measurements 
immediately after intubation and at the 10th minute (p <0.001, 
for all) (Table III).
Group S had significantly lower NRS values than Group A at the 
postoperative 2nd and 24th hours, when groups were compared 
for sore throat without swallowing and swallowing (p <0.001, 
for all) (Table IV).
Total tramadol consumption of the groups in the postoperative 
24-hour period was significantly lower in Group S compared to 
in Group A (p = 0.002) (Figure 1).
A moderate correlation was found between the duration of 
pneumoperitoneum and TP airway pressure (r = 0.596, p 
<0.001), and a weak positive correlation was found between 
supine peak airway pressure and TP cuff pressure change for 
all patient groups (r = 0.281, p = 0.015; r = 0.257, p = 0.027, 
respectively) (Table V).

Table I. Demographic and clinical characteristic.

Group S

 (n=30)

Group A

 (n=30)
p

Demographic data

 Age (year)

 BMI (kg.m-2)

 ASA (I/II/III)

Intraoperative data

 Anesthesia time (min)

39.9±13.8

27.1±6.7

14/12/4

80 (64-125)

37.9±12.5

26.9±5.7

13/14/3

85 (65-125)

0.517

0.955

0.511

0.905
 Operation time (min) 75 (60-118) 80 (60-120) 0.641
 Pneumoperitoneum time (min) 45 (30-81.3) 45 (24.5-91.3) 0.854
 Trendelenburg position time 
(min) 50 (35-87.5) 47,5 (25-95) 0.516

 Supine position time (min) 30 (20.5-40) 35 (25-40) 0.192
Intraoperative pressures

 Supine peak airway pressure 
(cm H2O) 24,5 (18.3-27) 18,5 (16-21,3) 0,001

 Supine cuff pressure (cm H2O) 26,5 (25-28) 28 (26-30) 0,040
 Trendelenburg position peak 
airway pressure (cm H2O)

 Trendelenburg position cuff 
pressure (cm H2O)

 Maximum cuff pressure 
(cmH2O)

27 (22-29.8)

28 (28-30)

28 (28-30)

27 (21-32)

32(30-35)

32 (30-35)

0,991

<0,001

<0,001

Group S: saline, Group A: air, ASA: American Society of Anesthesiologists 
Classification, BMI: body mass index. Data presented as mean ± SD or median.
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Table IV. Sore throat scores with and without swallowing in the 
postoperative period

Group S

 (n=30)

Group A

 (n=30)
p

Sore throat with swallowing at the 2nd 
hours postoperatively 0 (0-1) 3 (1-4) <0.001

Sore throat without swallowing at the 2nd 
hours postoperatively 0 (0-0) 2 (0-3) <0.001

Sore throat with swallowing at the 24nd 
hours postoperatively 0 (0-0) 2 (0-3) <0.001

Sore throat without swallowing at the 
24nd hours postoperatively 0 (0-0) 1 (0-2) <0.001

Group S: saline, Group A: air

Table V. Correlations between pneumoperitoneum time and peak airway-
cuff pressures change

Pneumoperitoneum time
All Groups

(n=60)
Trendelenburg position peak airway pressure change

rho

p

0.596

<0.001
Supine position peak airway pressure change

rho

p

0.281

0.015
Trendelenburg cuff pressure change

rho

p

0.257

0.027
Supine position cuff pressure change

rho

p

0.126

0.287
rho: correlation coefficient

Figure 1. Total tramadol consumption of the groups in the postoperative 
24 hour period (mg). 
Group S, saline ; Group A , air.

4. DISCUSSION

In our study, lower cuff pressures, less sore throat, and fewer 
analgesic requirements were reported in the patients whose ETT 
cuffs were insufflated with saline compared to the air-insufflated 
group in the operations performed with the gynecological 
laparoscopic method in the TP.
Endotracheal intubation is a frequently used method to ensure 
airway safety. However, due to the increase in cuff pressures 
of the cuffed ETTs, frequently used during EI, laryngotracheal 
morbidity can occur due to damage to the tracheal mucosa 
which contacts with the cuff [21]. Increased cuff pressure can 
cause tracheal complications in short-term surgeries as well 
as long-term surgeries [22]. In vivo studies have shown that 
tracheal capillary perfusion pressure ranges from 30 to 44 
mmHg [14]. Thus, as a general approach, the intraoperative 
cuff pressure is recommended to be 20 cm H2O [23]. High cuff 
pressures in the intraoperative period may cause sore throat and 
hoarseness during the postoperative period [24]. In our study 
Group S had significantly lower NRS values than Group A at the 
postoperative 2nd and 24th hours.

Table II. Changes in endotracheal tube cuff pressure during surgery in groups

Group
Immediately 10 min after 20 min after 30 min 

after
40 min 

after
50 min 

after
60 min 

after
70 min 

after 80 min after 90 min 
after

100 min 
after

110 min 
after

120 min 
after

after 
intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation

Group S 25.0±00 25.5±0.2 26.7±0.5 27.4±0.7 27.9±0.6 28.6±0.6 28.5±0.6 28.4±0.7 28.5±0.7 28.1±0.8 26.7±0.9 27.5±0.9 27.4±0.9

Group A 25.0±00 26.8±0.2 30.5±0.5 31.1±0.7 31.2±0.6 30.3±0.6 30.1±0.6 29.6±0.6 28.6±0.6 28.2±0.8 27.2±0.9 27.1±0.8 26.6±0.9

P value − <0.001 <0.001 <0.001 <0.001 0.046 0.081 0.189 0.864 0.898 0.881 0.782 0.589

Group S: saline, Grup A: air. Data presented as mean ± SD, n=30 in groups, cm H2O)

Table III. Changes in peak airway pressure during surgery in groups

Group
Immediately 10 min 

after
20 min 

after
30 min 

after
40 min 

after
50 min 

after
60 min 

after
70 min 

after
80 min 

after
90 min 

after
100 min 

after
110 min 

after 120 min after
after 

intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation intubation

Group S  22.2±09  23.5±1.0 24.8±1.2 24.5±1.1 23.9±1.1 23.8±1.1 22.4±1.3 21.9±1.2 21.1±1.4 19.9±1.8 19.8±2.1 24.2±1.6 33.8±3.4

Group A  16.4±09  17.9±0.9 22.3±1.1 24.7±1.0 24.2±1.1 23.2±1.1 22.0±1.2 22.0±1.2 20.4±1.4 19.5±1.7 17.9±2.0 22.4±1.5 33.7±3.2

P value <0.001 <0.001 0.133 0.916 0.857 0.682 0.823 0.953 0.730 0.875 0.525 0.433 0.996

Group S: saline, Grup A: air. Data presented as mean ± SD, n=30 in groups, cm H2O).
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Laparoscopic surgery is common, and it has many advantages 
[25]. In laparoscopic surgeries, CO2 is commonly used to 
provide intra-abdominal distention to improve the surgical field 
of view [26]. After the TP with pneumoperitoneum (PP), the 
diaphragm increases, even more, lung expansion is restricted 
and lung compliance decreases due to the increase in airway 
pressures [25]. The pressure applied to the trachea wall also 
increases due to the increase in cuff pressures caused by the 
increase in airway pressures depending on CO2 PP. Due to this 
pressure increase, it can cause ischemic damage and tracheal 
necrosis as a result of the disruption of perfusion in the tracheal 
mucosa [22]. As a result of all these, sore throat and hoarseness 
are common during the postoperative period.
In a study by Yıldırım Z et al., it was reported that the effect 
of PP on cuff pressure in patients undergoing laparoscopic 
cholecystectomy and open abdominal surgery, the cuff pressures 
were found to be higher in the laparoscopic group during all 
follow-up periods. Besides, the cuff pressure was found to exceed 
30 cm H2O after the first 5th minute of PP. In the clinical image of 
this pressure increase, sore throat was found to be higher in the 
laparoscopic group at the 12th hour after the surgery [26]. While 
laparoscopic cholecystectomy operations are often performed 
in the reverse TP position, we performed our gynecological 
operations in the TP position.
The position of the patient is as important as the insufflation of 
the abdomen to provide a good surgical view in the operations 
performed with the laparoscopic method. This can increase 
the risk of airway complications in the postoperative period 
[27]. A frequently used position in gynecological laparoscopic 
operations, TP was found to increase cuff pressure significantly 
and the frequency of postoperative sore throat compared to 
laparotomy patients [15]. In a study conducted by Geng G et 
al., cuff and airway pressures and postoperative sore throat 
of patients undergoing open and laparoscopic gynecological 
surgery were compared. A significant increase was observed in 
airway and EI cuff pressures in the TP after PP in the laparoscopic 
group compared to the open surgery group. Besides, sore 
throat at the 2nd and 24th hours after surgery was found to be 
significantly higher in the laparoscopic group compared to the 
open surgery group [15].
In a study of Wu CY et al., the effects of PP and surgical position 
on the cuff and airway pressures in laparoscopic surgery were 
investigated, no significant change in the cuff and airway 
pressures were observed during 15 minutes before PP, while a 
significant increase in the mean airway and cuff pressures was 
detected in patients in the TP. Although, there was a strong 
correlation between airway pressure change and cuff pressures 
caused by abdominal insufflation, there was no correlation 
between position [16].
Kwon Y et al. investigated the relationship between ETT cuff 
pressure change and body mass index (BMI), pneumoperitoneum 
period, and cuff pressure in patients undergoing laparoscopic 
cholecystectomy. N2O was used for analgesic purposes during 
surgery. There was no difference between airway pressures and 
cuff pressures throughout the operation between groups with 
different BMIs. In the same study, there was a weak positive 

correlation between pneumoperitoneum duration and cuff 
pressure change. The change in cuff pressure was not affected by 
BMI, but pneumoperitoneum duration caused a change in cuff 
pressure [28]. In our study, there was no significant difference in 
BMI between groups. In addition, we found a weak correlation 
between pneumoperitoneum duration and cuff pressure change 
in the TP.
In the study conducted by Rosero EB et al., in patients with 
BMI≥30 kg/m², who underwent laparoscopic gynecological 
surgery without using nitrous oxide, the mean cuff pressure, 
and peak airway pressures were found to be significantly higher 
in PP period than the period from intubation to insufflation of 
the abdomen. Besides, the increase in peak airway pressure and 
cuff pressure was reported to be related to each other, and every 
1 cm H2O increase in peak airway pressure was found to cause 
a 0.25 cm H2O increase in EI cuff pressure [9]. In our study, 
we investigated the relationship between pneumoperitoneum 
periods and peak airway pressures in the TP. A moderate 
correlation was reported between PP time and peak airway 
pressure change in the TP. Therefore, we believe that increase 
in peak airway pressures in the TP would cause an increase in 
cuff pressure.
The frequency of postoperative sore throat induced by EI ranges 
from 60 to 90% [29]. Depending on the swelling of the cuff 
and damage to the pharyngeal mucosa and recurrent laryngeal 
nerve, it can lead to many complications such as hoarseness, 
aphonia, stridor and respiratory distress. Postoperative sore 
throat is also affected from the factors such as age, gender, 
intubation conditions the diameter of the ETT, the shape of the 
cuff, the movement of the EI in the trachea, the medical gases 
used and the increased cuff pressure [30].
In the literature, the fluid mechanics was used to explain the 
basis of the studies carried out with saline-insufflated ETT cuff 
to prevent postoperative sore throat after EI. According to the 
Pascal principle, given the mechanics of fluids, the pressure, 
applied externally to a system, is transmitted equally by the liquid 
to all points of the liquid and every point of the inner surfaces 
of the container regardless of the volume of the container [31]. 
In accordance with the same principle, during positive pressure 
ventilation, the trachea and the ETT cuff are considered as part 
of the same closed pneumatic system [9]. In the light of this 
information, we determined the hypothesis of our study as the 
insufflation of the cuffs of the EI tubes with saline to prevent 
the increase of EI cuff pressure in gynecological laparoscopic 
operations performed in TP and to prevent postoperative sore 
throat.
Ahmad NL et al., found that the cuff pressures were lower in the 
saline-insufflated ETT cuff group than the air-insufflated group 
in patients undergoing elective abdominal and limb surgery 
under general anesthesia with N2O [32]. In our study, cuff 
pressures were reported to be lower in the group whose cuffs were 
insufflated with saline to prevent postoperative complications 
due to possible high cuff pressures in the TP, while remifentanil 
was used instead of nitrous oxide when maintaining the patients’ 
heads and necks in the neutral position. As a result, less sore 
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throat was observed in the postoperative period due to low cuff 
pressures in the saline-insufflated group.
In a study by Besir A et al., the ETT cuffs were insufflated with 
saline and air in patients under low flow general anesthesia 
using N2O. The ETT cuff pressures were found to be lower in 
the saline-insufflated group with the prevention of the diffusion 
of N2O into the cuff, and the sore throat was significantly lower 
in the saline-insufflated group during the postoperative period 
[33].
In a study by Shroff PP et al., in which the ETT cuffs were 
insufflated with air, saline, and 2% lignocaine, cuff pressure, 
postoperative sore throat, and hoarseness in the saline group 
were the same as the group insufflated with 2% lignocaine and 
were significantly lower than air-insufflated group [34].
In the laparoscopic gynecological operations performed in the 
TP, insufflation of ETT cuffs in the prevention of postoperative 
sore throat due to the increase in cuff pressures are not common 
in the literature. In our study, we concluded that sore throat can 
be prevented by preventing the increase of intraoperative cuff 
pressure with the insufflation of ETT cuff with saline.

Limitations

There are some limitations of our study. First, we could not 
directly evaluate the tracheal mucosal damage, which could 
reveal the symptoms of hoarseness and sore throat that may 
occur in the trachea after EI and develop in the postoperative 
period. Second, the patients were followed up for 24 hours in 
the postoperative period. Although, the frequency and severity 
of sore throat tend to decrease in the postoperative 24-hour 
period, there is a need for longer periods of follow-up for the 
evaluation of postoperative sore throat and hoarseness in the 
long term. Third, we used the ETTs of a single type from the 
same manufacturer. Therefore, our findings may not apply to 
different types of ETTs produced by different manufacturers. 
Fourth, although, nitrous oxide was not used as an analgesic in 
the maintenance of anesthesia in our study, we did not measure 
the concentrations of other medical gases (e.g. CO2 or O2) that 
would cause pressure changes in the ETT cuffs and therefore we 
could not evaluate their effects on ETT cuff pressure changes. 
Finally, anatomical structures such as the upper part and inner 
diameter of the trachea differ according to the geographical 
regions. Since, our study is a single-center study, the results are 
limited to a specific region. There is a need to carry out further 
multi-center studies.

Conclusion

We believe that the method of the insufflation of the ETT 
cuff with saline, an easily applicable method, can reduce the 
postoperative sore throat that occurs due to the increase in ETT 
cuff pressure and the need for analgesic consumption that occurs 
accordingly in the TP in gynecological laparoscopic surgery.
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