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RELEVANCE The supraglottic air ducts (SAD) are now more and more often used as devices of the first choice for providing ventilation during surgical interventions of low trauma and 

duration, during laparoscopic operations as well. Nevertheless, some concerns remain about the possibility of using these devices in operations accompanied by a significant increase in 

intra-abdominal pressure, for example, when performing laparoscopy, especially in the Trendelenburg position. 

AIM OF STUDY Comparison of the efficiency and safety of ventilation, the incidence of postoperative complications when using two different types of SAD during laparoscopic surgical 

interventions performed in the Trendelenburg position. 

MATERIAL AND METHODS Eighty-three gynecological patients who were scheduled to undergo laparoscopic surgery in the Trendelenburg position were randomly assigned to two 

groups. In the 1st group, a laryngeal tube was installed for general anesthesia, in the 2nd group patients had a laryngeal mask. The adequacy of ventilation, gas exchange rates, 

oropharyngeal leakage pressure, rate of successful placement, mean and peak airway pressure at various stages of surgery, as well as the frequency of intra- and postoperative 

complications were assessed. 

RESULTS In all observations, there were normal indicators of gas exchange and capnography, no leakage of the breathing mixture from the circuit. The level of oropharyngeal leakage 

pressure was statistically different in the groups and was 32 (28; 35) in the 1st group and 28.5 (27; 31.8) cm of water column in the 2nd group. (p=0.007). The time to the onset of ventilation 

was 19s (18; 21) in the laryngeal tube group, 21s (19; 22.5) in the laryngeal mask group; statistically significant differences were not obtained by this criterion (p=0.059). The first installation 

attempt was successful in 40 cases (93%) in the 1st group and in 38 cases (95%) in the 2nd group; there was no significant difference in this indicator (p=0.94). The peak and mean airway 

pressure at the stages of surgery also did not differ. The study did not reveal such intraoperative complications as dislocation of the air duct and aspiration of gastric contents. When 

analyzing postoperative complications, statistical differences were obtained in terms of the level of sore throat 3 hours after removal of SAD. In terms of sore throat after 5 minutes, 6, 12, 

24 hours, the frequency of hoarseness, no differences were found. 

CONCLUSION 1. The use of different types of 2nd generation supraglottic air ducts with inflatable cuff (s) provides reliable protection of the upper airway during anesthesia and effective 

ventilation during laparoscopic surgery in the Trendelenburg position. 2. The laryngeal mask and laryngeal tube did not differ significantly in the frequency of successful insertion, 

ventilation efficiency, airway pressure levels at various stages of surgery, and the incidence of intra- and postoperative complications. 3. The use of a laryngeal tube provided a higher level 

of oropharyngeal leakage pressure, while the differences with the laryngeal mask for this indicator were statistically significant. 
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ALV - artificial lung ventilation  

BMI - body mass index  

SAD - supraglottic air duct 

 

INTRODUCTION The supraglottic air ducts (SAD) are now widely used in the provision of prehospital care, cardiopulmonary resuscitation in a 

hospital, and also as a backup plan for general anesthesia in case of failed tracheal intubation [1]. In addition, SAD are now increasingly used as a 

first-choice device for providing ventilation in surgical interventions of low trauma and duration. The frequency of using these devices during general 

anesthesia has already reached more than half of the total number of cases [1]. The advantages of using this type of device are widely known: ease of 

installation, low invasiveness, and fewer complications [2–5]. There is an increasing number of publications confirming the possibility of using SAD 

in those areas of surgery in which tracheal intubation is traditionally used, for example, during laparoscopic surgical interventions. A significant 

number of works have been published showing the effectiveness and safety of using these devices in laparoscopic operations performed in the Fowler 

position [6–10]. Currently, the preference is given to devices of the second generation with a channel for gastric drainage, the design of which allows 

to maintain tightness in the inspiratory phase, and the additional channel makes it possible to insert a probe into the stomach to prevent regurgitation 

due to the timely removal of gastric contents [11, 12]. Nevertheless, there are not enough data indicating the possibility of using SAD in laparoscopic 

interventions performed in the Trendelenburg position [13, 14]. Specific problems associated with the use of the Trendelenburg position are well 

known, such as deterioration of respiratory mechanics, increased intra-abdominal pressure, increased risk of regurgitation and aspiration, which 

requires a more detailed study of the issue of the possibility of using SAD in this type of surgery [15–17]. 

Objective: to compare the efficiency and safety of ventilation, the incidence of postoperative complications when using two different types of SAD 

during laparoscopic surgery performed in the trendelenburg position. 

MATERIAL AND METHODS  

The study was carried out in the St. Petersburg State Budgetary Healthcare Institution "City Clinical Oncological Dispensary" and in the St. 

Petersburg State Budgetary Healthcare Institution "Elizavetinskaya Hospital" after the approval of the Independent Ethics Committee No. 219 dated 

February 26, 2019. For the study, 83 female patients were selected, each of whom was randomly assigned to one of two study groups. The study 

included gynecological patients aged 18 to 60 years, who were to undergo laparoscopic intervention lasting up to 90 minutes. The exclusion criteria 

were: obesity (body mass index - BMI 30 or more), predicted difficult airways (LEMON 3 or more), the presence of diabetes mellitus and 

gastroesophageal reflux disease, the presence of data on impaired gastric evacuation function of any genesis, refusal to participate in the study.  

Group 1 used Laryngeal Tube Suction ™, group 2 - LMA Supreme ™ laryngeal mask. In both groups, the selection of the size of the SAD was 

carried out according to the manufacturer's recommendation: in the laryngeal tube group No. 3 with a height of less than 160 cm, No. 4 - with an 

increase of 160 to 180 cm, No. 5 - with an increase above 180 cm; in the group of laryngeal mask No. 3 - with a body weight of up to 50 kg, No. 4 - 

with a body weight of 50–70 kg, No. 5 - with a body weight above 70 kg. 

After admission to the operating room, monitoring of electrocardiography, pulse oximetry, measurement of non-invasive blood pressure began. 

After providing intravenous access, preoxygenation was started. For the induction of anesthesia, propofol 2–2.5 mg / kg, fentanyl 3–5 μg / kg, 

rocuronium 0.6 mg / kg were used. Anesthesia was performed by an anesthesiologist-resuscitator (hereinafter referred to as an anesthesiologist), who 

has experience in using both types of devices under study. Installation of both types of SAD was performed according to the generally accepted 

technique, after which the inflation of the cuff was carried out under the control of a manual manometer to a level of 60 cm H2O. The installation 

time and the number of attempts required by the anesthesiologist were recorded. 

The correct position of the laryngeal mask was determined by carrying out the test “with a drop of gel”: a drop of water-soluble gel was applied 

to the drainage channel, after which the presence or absence of air bubbles entering through the gel was recorded. In the absence of air supply, the 

position of the laryngeal mask was considered correct and passed to the "pressure on the jugular notch" test. For this test, a series of pressure was 

applied just above the sternum. If the level of the gel in the drainage canal shifted synchronously with the pressure, the position of the laryngeal mask 

was considered correct. In the case of verification of the flow of air through the gel in the drainage canal or in the absence of displacement of the gel 

when pressing on the jugular notch, the laryngeal mask was repositioned. 

After the installation of the SAD, a test was performed to determine the oropharyngeal leak pressure. To do this, the valve for regulating the 

pressure level in the circuit was blocked at the level of 35 cm Hg, the ventilation mode was switched to the spontaneous breathing mode, the flow of 

the fresh gas mixture was set at 3 L / min. The level of pressure in the airways was recorded, at which an audible auscultatory discharge of the gas 

mixture from the oral cavity began or a plateau of pressure in the airways was reached.  

Artificial lung ventilation (ALV) was started in VC mode with parameters V = 6–7 ml / kg, f = 10–12 per minute. Anesthesia was maintained 

with sevoflurane at a dosage of 0.9–1.0 MAC (minimum alveolar concentration), analgesia was maintained by administering fentanyl 0.1 mg 

fractionally every 25–30 minutes. 

A gastric tube of maximum possible diameter was installed through the drainage channel of the SAD in accordance with the manufacturer's 

recommendations: in the 1st group - a 16 Fr tube for tube No. 3, 18 Fr for tubes No. 4 and No. 5; in the 2nd group - a 14 Fr probe for masks No. 3–5. 



The correct position of the probe in both groups was confirmed by auscultation of the epigastric region against the background of injection of 50 ml 

of air. Carbon dioxide insufflation was optimized so that the pressure in the abdominal cavity did not exceed 12 mm Hg. The supply of the gaseous 

anesthetic was stopped at the time of the last suture on the surgical wound. After desufflation, the gastric tube was removed with active aspiration. 

The SAD was removed after the restoration of clear consciousness and muscle tone. 

The primary endpoint was the level of oropharyngeal leakage pressure. Secondary points of analysis were the time and number of attempts to 

place the SAD, the peak and average airway pressure immediately after the placement of the SAD and after the imposition of carboxyperitoneum and 

the transfer of the patient together with the operating table to the Trendelenburg position. The frequency of complications such as dislocation of SAD 

during surgery (the appearance of leakage from the circuit more than 10% of the tidal volume, which cannot be eliminated by correcting the position 

of the device within 60 seconds) and aspiration of gastric contents, detected by high-precision pH-metry using a test was recorded. pHScan strips. 

After removal of the SAD, the test strip was applied to the proximal portion of the distal laryngeal tube cuff and to the ventral surface of the laryngeal 

mask cuff. Aspiration was considered to be a decrease in the pH of the secretion below 4.2. In the postoperative period, the presence of a sore throat 

was assessed after 5 minutes, as well as 3, 6, 12, 24 hours after surgery and the presence of hoarseness (assessed 15 minutes after removal of the 

SAD). 

For statistical analysis, the SPSS 23 statistical processing program was used. For comparative studies between groups, the Mann – Whitney test 

and two-sided Fisher's exact test were used. Data are presented as median and first and third quartiles. 

The scheme for randomizing patients and forming study groups is shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Scheme of randomization and formation of study groups 

RESULTS  

The characteristics of the study groups are presented in Table. 1. Patients of the studied groups were comparable in age, height, anthropometric 

parameters. 

 
T a b l e  1  

Сharacteristics of patients in studied groups  
Group  Age, years Height, cm  Body weight, kg Body mass index 

1st (laryngeal tube) 43  
(34; 50) 

169  
(162; 178) 

66  
(59; 76) 

23,5  
(20,6, 26,1) 

Excluded  n=11: 
Exclusion criteria  n=17 

Refusal to participate  n=6 

Randomized 
n=83 

1st group: 
laryngeal tube 

n=43 

2nd group:  
laryngeal mask  

n=40 

Considered for participation in the study  

n=100 

Excluded during research 

n=0 

Excluded during research 
n=0 

 

Analyzed 
n=43 

Analyzed 
n=40 

 



2nd (laryngeal mask) 38,5  
(33; 49) 

169  
(162; 173) 

67  
(60,3; 75,8) 

23,9  
(21,9; 27,2) 

Significance level, p 0,22 
 

0,27 
 

0,84 
 

0,4 
 

 
The level of oropharyngeal leakage pressure was statistically significantly different in the groups and amounted to 32 (28; 35) cm H2O in the 1st 

group. Art. and in the 2nd group 28.5 (27; 31.8) cm H2O (p = 0.007). The time to ventilation did not differ in both groups and was 20 (18, 23) s in 

group 1 and 20 (19, 22) s in group 2 (p = 0.52). 

The first attempt to install an SAD was successful in 40 cases (93%) in group 1 and in 38 cases (95%) in group 2. There was no statistically 

significant difference in this indicator (p = 1). The second attempt to install the SAD was successful in all remaining cases. 

The peak and average airway pressure after the installation of the SAD and after the application of carboxyperitoneum and the transfer of the 

operating table to the Trendeleburg position did not differ statistically significantly (Table 2). 

 
T a b l e  2  

Airway pressure levels at different stages of surgery 
 Airway pressure levels 

After installing the supraglottic ducts After applying carboxyperitoneum and moving the table to the Trendeleburg 
position 

Ppeak  Pmean Ppeak  Pmean  

Group 1 15 (14; 16) 10 (9; 11) 23 (23; 25) 16 (15; 18) 

Group 2 14 (13; 16) 9 (8,25; 10,75) 23 (21,25; 25,0) 17 (16; 18) 

Significance level, p 0,29 0,42 0,41 0,4 

 
There were no cases of SAD dislocation in any group. When analyzing the frequency of aspiration, not a single case of a decrease in pH to the 

critical level of 4.2 was noted, the minimum recorded pH level was 5.8. In the laryngeal tube group, the pH level was 6.2 (6.2; 6.4), in the laryngeal 

mask group – 6.2 (6.2; 6.4), (p = 0.8). 

In the analysis of postoperative complications, statistical differences were obtained in terms of the level of sore throat 3 hours after removal of 

SAD. There were no differences in terms of pain in the throat after 5 minutes, 6, 12, 24 hours, the frequency of hoarseness (Table 3). 

 
T a b l e  3  

Complications in the postoperative period 

 Sore throat through Hoarseness,  
n (%) 

5 minutes  3 hours  6 hours  12 hours  24 hours 

Group 1 2 (2; 4) 2 (1; 2) 0 (0; 1) 0 (0; 0) 0 (0; 0) 5 (11,6 %) 

Group 2 2 (1,25; 2) 1 (0; 2) 0 (0; 1) 0 (0; 0) 0 (0; 0) 3 (8,1%) 

Significance level, p 0,51 0,02 0,28 0,38 0,11 0,47 

 

DISCUSSION  

Currently, SAD is increasingly used as the main device for maintaining the patency of the upper airways and for mechanical ventilation during 

laparoscopic interventions [6, 7, 12, 13]. A fairly large number of publications consider the possibility of using various types of SAD in operations 

performed in the Trendelenburg position in patients without an increased risk of regurgitation. Reducing the invasiveness of manipulations on the 

upper airway due to the refusal to perform tracheal intubation during short and low-traumatic surgical interventions in patients with a low risk of 

aspiration allows avoiding a number of potential complications of this method, ensuring safety and increasing patient comfort [3, 5]. 

Structurally, SAD can now be conditionally divided into laryngeal masks and the so-called pharyngeal-esophageal obturators, which include the 

most commonly used laryngeal tubes. In the literature, there are conflicting data on the advantages of a particular class of devices in the success of 

the installation, the quality of ventilation and the number of complications [2, 4]. 

Oropharyngeal leakage pressure is a traditionally used metric that characterizes the success of insertion, the level of airway protection, and the 

ability to perform positive pressure ventilation [18, 19]. Evaluation of this indicator is an important aspect in determining the safety of the use of 

SAD during anesthesia, since a higher level of leakage pressure indicates the possibility of performing mechanical ventilation through one or another 

SAD at sufficiently high levels of pressure in the airways, especially during laparoscopic surgical interventions. 

In our study, it was shown that the laryngeal tube has a higher level of leakage pressure, which may be of clinical significance in surgical 

interventions accompanied by increased levels of pressure in the airway and abdominal cavity. The frequency of successful installation of both 

studied devices was comparable and rather high in both groups, which indicates the simplicity and efficiency of using both classes of devices. As 

expected, the mean and peak pressure indicators did not differ between the study stages. Postoperative complications were also comparable. In our 

study, the incidence of sore throat was low, comparable in both groups, did not exceed 4 points on a visual analogue scale, and quickly regressed. 



CONCLUSIONS  

1. The use of different types of 2nd generation supraglottic airway ducts with inflatable cuff (s) provides reliable protection of the upper airway 

during anesthesia and effective ventilation during laparoscopic surgery in the Trendelenburg position. 

2. The laryngeal mask and laryngeal tube did not differ significantly in the frequency of successful insertion, ventilation efficiency, airway 

pressure levels at various stages of surgery, and the incidence of intra- and postoperative complications. 

3. The use of a laryngeal tube provided a higher level of oropharyngeal leakage pressure, while the differences with the laryngeal mask for this 

indicator were statistically significant. 
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