
Introduction 

With the worldwide increase in the prevalence of obesity [1], anesthesiologists are in-
creasingly challenged with airway management in this population [2]. Compared with 
the sniffing position, typically achieved by elevating the head from 7 to 9 cm [3,4], the 
ramped position, achieved by horizontal alignment of the external auditory canal and the 
sternal notch, has been shown to facilitate mask ventilation and endotracheal intubation 
in patients with obesity [5–9]. 

The supraglottic airway (SGA) is recognized as a valuable tool for managing difficult 
airways and is recommended as a rescue device in ‘cannot intubate, cannot ventilate’ situ-
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Background: The ramped position facilitates mask ventilation and endotracheal intuba-
tion in patients with obesity. This study aimed to determine whether the ramped position 
improves supraglottic airway (SGA) insertion in patients with obesity. 
Methods: In this prospective, randomized, single-center trial, 48 obese patients undergo-
ing elective surgery were randomized into either ramped or sniffing position groups. The 
Ambu® AuraGainTM (Ambu A/S), a second-generation SGA, was used. The primary out-
come was the time required for the AuraGain insertion. Secondary outcomes included 
ease and number of insertion attempts, oropharyngeal leak pressure (OLP), and complica-
tions. The number needed to treat (NNT) was calculated to ensure ease of insertion. 
Results: The time required for the AuraGain insertion was significantly shorter in the 
ramped group than in the sniffing group (13.0 [11.0, 16.0] vs. 24.0 [21.0, 28.0], P < 0.001). 
The insertion was easier in the ramped group than in the sniffing group (23/24 vs. 13/24, 
NNT = 2.4 [95% CI, 1.6, 5.0], P = 0.003). The first-attempt success rate was higher in the 
ramped group than in the sniffing group, although the difference was not statistically sig-
nificant (22/24 vs. 18/24, P = 0.319). The OLP and postoperative complication rates were 
not significantly different between the groups.
Conclusions: The ramped position reduced the time required for the AuraGain insertion 
in obese patients while providing comparable airway sealing without increasing adverse 
events. Therefore, a ramped position may be a more suitable option for SGA insertion in 
this population. 

Keywords: Airway management; Laryngeal masks; Numbers needed to treat; Obesity; 
Patient positioning; Posture.
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ations, according to clinical guidelines [10,11]. However, a high 
body mass index (BMI) has been reported as an independent risk 
factor for unsuccessful SGA insertion [12]. Therefore, caution is 
imperative when placing an SGA in individuals with obesity. Mul-
tiple attempts can cause trauma to the oral cavity or supraglottic 
structures, and failed insertion can prolong the time required to 
secure the airway that is critical in emergencies. 

Manufacturers typically recommend the sniffing position for 
SGA insertion regardless of obesity [13,14]. However, studies sug-
gest that the neutral position, simple head extension, or head ele-
vation of 3 cm may result in equivocal or even superior SGA in-
sertion outcomes compared to the sniffing position in non-obese 
patient [15–17]. Given that the sniffing position is considered the 
standard for tracheal intubation in patients who are not obese 
[18–20], these unexpected results may be attributed to the distinct 
anatomical challenges presented by tracheal intubation versus 
SGA insertion [16,17,21,22]. Meanwhile, in the airway manage-
ment of individuals with obesity, sufficient head elevation may 
still be crucial to compensate for body fat composition [23]. How-
ever, there is a lack of research on the optimal head positioning 
for SGA insertion in this population. In this study, we aimed to 
evaluate ramped versus standard sniffing positions for SGA inser-
tion in patients with obesity. 

Materials and Methods 

Ethical approval for this study was obtained from Institutional 
Review Board of Chonnam National University Hospital (CNUH 
2023-164), and it was registered with the Clinical Research Infor-
mation Service of the Republic of Korea (KCT0008570) and con-
ducted from June to November 2023 at a university hospital fol-
lowing the principles of the 2013 Declaration of Helsinki. Written 
informed consent was obtained from each participant before en-
rollment. 

We enrolled patients who (1) had a BMI ≥  30 kg/m2, (2) were 
aged 20–80 years, (3) had an American Society of Anesthesiolo-
gists physical status class of II or III, and (4) were scheduled for 
elective surgery under general anesthesia. Patients were excluded 
if they (1) had a known or predicted difficult airway, (2) had a 
history of head and neck surgery, (3) had cervical instability, (4) 
had a mouth opening <  2.5 cm, (5) had an increased risk of pul-
monary aspiration (e.g., symptomatic gastroesophageal reflux dis-
ease or hiatal hernia), or (6) were pregnant. Enrolled patients were 
randomly assigned to either the ramped or sniffing group in a 1:1 
ratio using a computer-generated randomization sheet. The par-
ticipants were blinded to their group allocation. 

Preoperative airway assessments, including the Mallampati 

score, neck circumference, sternomental distance, thyromental 
distance, and interincisor distance, were performed the day before 
surgery. Upon entry into the operating room, the patients were 
placed in a ramped or sniffing position according to their allocat-
ed group. In the ramped group, pillows were placed under the pa-
tient’s head and upper body to align the external auditory meatus 
horizontally with the sternal notch. In the sniffing group, an 
8-cm-high pillow was placed under the occiput. In both groups, 
the height of the operating table was adjusted to position the pa-
tient’s head between the anesthesiologist’s upper part of the umbi-
licus and the lower xiphoid process. 

Patients were monitored using electrocardiography, noninva-
sive blood pressure measurements, pulse oximetry, and capnogra-
phy. Preoxygenation was performed for 3 min with 100% oxygen, 
and anesthesia was induced with propofol and remifentanil. Upon 
loss of consciousness, train-of-four (TOF) monitoring was initiat-
ed, and an intubating dose of rocuronium (0.6 mg/kg of ideal 
body weight) was administered. When the TOF count reached 
zero, the Warters grading scale assessed the difficulty of the face-
mask ventilation [24]. The scale assigns points based on the esca-
lating levels of intervention required to achieve a target tidal vol-
ume of 5 ml/kg of ideal body weight. The intervention consisted 
of using an airway device, increasing inspiratory pressure, and 
implementing two-person ventilation, all of which aimed to over-
come the upper airway resistance to ventilation. Difficult mask 
ventilation was operationally defined as a score of ≥  4 on the 
Warters scale.  

The Ambu® AuraGainTM (Ambu A/S) was prepared and insert-
ed according to the manufacturer’s instructions. The size of the 
AuraGain cuff was selected based on the patient’s ideal body 
weight (size 3 for 30–50 kg, size 4 for 50–70 kg, size 5 for 70–100 
kg, and size 6 for those exceeding 100 kg), and the posterior sur-
face of the cuff was coated with a water-based lubricant. Facemask 
ventilation and AuraGain insertion were performed by a skilled 
anesthesiologist with experience in performing more than 400 
SGA and 100 AuraGain insertions, respectively. Concurrently, an 
unblinded observer who was not involved in the study collected 
data. Following the insertion of AuraGain, the device was inflated 
with air until the cuff pressure reached 60 cmH2O, as measured 
using a handheld cuff manometer (VBM Medizintechnik GmbH). 

The AuraGain insertion was considered successful if the device 
was inserted on the first, second, or third attempt (60 s permitted 
for each attempt) and did not require any additional manipula-
tions after its initial placement. Successful insertion was con-
firmed by a square-wave capnograph trace, bilateral chest wall 
movement, and no audible leak with a peak airway pressure of ≥  
12 cmH2O during manual ventilation. If these criteria were not 
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satisfied, the AuraGain was removed from the patient’s mouth. 
After ensuring sufficient ventilation with 100% oxygen, another 
attempt was made to reinsert the device by using the same tech-
nique. The number of attempts required for a successful AuraGain 
insertion was recorded. If insertion was unsuccessful after three 
attempts, tracheal intubation was performed. 

The insertion time was measured from the moment the Au-
raGain touched the patient’s mouth until the appearance of the 
first square end-tidal carbon dioxide (ETCO2) trace. The insertion 
time was defined as the duration taken solely for a successful at-
tempt. If the AuraGain insertion failed on the first attempt and 
succeeded on the second attempt, the insertion time was recorded 
as the time taken to insert AuraGain on the second attempt, the 
time taken for the first attempt, and the interval between the first 
and second attempts. The ease of AuraGain insertion was subjec-
tively assessed on a five-point scale (1 =  easy, 2 =  acceptable, 3 =  
difficult, 4 =  very difficult, and 5 =  impossible). 

The attending anesthesiologist measured the oropharyngeal 
leak pressure (OLP), defined as the airway pressure (maximum 
allowed, 40 cmH2O) at which gas started to leak audibly around 
the AuraGain at a fixed gas flow of 5 L/min with the adjustable 
pressure-limiting valve closed. To evaluate the position of the Au-
raGain, a fiberoptic bronchoscope was used to grade the glottic 
view using the Brimacombe scale (4 =  only vocal cords seen; 3 =  
vocal cords plus posterior epiglottis seen; 2 =  vocal cords plus an-
terior epiglottis seen; 1 =  vocal cords not seen) [25]. 

Anesthesia was maintained using volatile anesthetics (desflu-
rane or sevoflurane) and remifentanil infusions. The tidal volume 
was set to 8 ml/kg of ideal body weight, and the respiratory rate 
was adjusted to maintain normocarbia (ETCO2 30–40 mmHg). 
Desflurane/sevoflurane and remifentanil were discontinued at the 
end of the surgery. The AuraGain was removed when patients 
were able to open their eyes on commands and breathe sponta-
neously. Complications such as intraoperative desaturation, re-
gurgitation, aspiration, laryngospasm, bronchospasm, and blood 
stains on the device were recorded by an unblinded observer. 
Postoperatively, a blinded independent observer assessed sore 
throat, dysphonia, and dysphagia 30 min and 24 h after surgery. 

The primary outcome was the time required for AuraGain in-
sertion. The secondary outcomes included ease of insertion, num-
ber of insertion attempts, OLP, and incidence of complications. 

The sample size was calculated based on the results of a pilot 
study, in which the means ±  standard deviations of AuraGain in-
sertion time for the ramped and sniffing groups were 21.33 ±  
3.67 s and 24.40 ±  1.93 s, respectively. To detect this difference 
with an alpha of 0.05 and a power of 0.9, 21 individuals per group 
were required. Considering the dropout rate of 10%, 24 patients 

were included in each group.  
Intergroup comparisons were performed using the Student’s t 

test or Mann–Whitney U test for continuous variables and the 
chi-square or the Fisher exact test for categorical variables, as ap-
propriate. Continuous variables are reported as mean ±  standard 
deviation or median (interquartile range), and categorical vari-
ables are reported as frequency (percentage). Statistical signifi-
cance was set at P <  0.05 that was considered significant. The 
number needed to treat (NNT) was calculated as the reciprocal of 
absolute risk reduction. In this analysis, the NNT was computed 
through the following steps: 1) the absolute risk reduction was 
obtained by calculating the difference in the rate of insertions rat-
ed as ‘easy’ or ‘acceptable’ between the ramped and sniffing 
groups, and 2) the reciprocal of this absolute risk reduction was 
then calculated. We used SPSS® Statistics for Windows, Version 
22.0 (IBM Corp.), and R software of the Foundation for Statistical 
Computing, version 4.3.1 for data manipulation and statistical 
analysis. 

Results 

Of the 54 patients screened for eligibility, six were excluded 
from the study (Fig. 1). Forty-eight patients were randomized into 
two groups: ramped (n =  24) and sniffing (n =  24). Due to the 
failure of SGA insertion, one participant was excluded from the 
analysis in the ramped position group, and two participants were 
excluded from the analysis in the sniffing position group. 

No significant differences exist in demographics and preopera-
tive airway assessment factors between the groups (Table 1). Diffi-
cult mask ventilation (Warters scale ≥  4) occurred in only one 
patient in the sniffing group, with a scale value of 8. The first-at-
tempt success rate of AuraGain insertion was higher in the 
ramped group than in the sniffing group, although the difference 
was not statistically significant (22/24 vs. 18/24, P =  0.319) (Table 
2). Insertion of the AuraGain was reported to be significantly eas-
ier in the ramped group, with 23/24 of insertions rated as ‘easy’ or 
‘acceptable,’ versus 13/24 in the sniffing group (NNT =  2.4 [95% 
CI 1.6, 5.0], P =  0.003). Overall, insertion failure occurred in 
three patients: one in the ramped group and two in the sniffing 
group after three attempts each. These patients were intubated 
with an endotracheal tube and were excluded from subsequent 
analyses (Fig. 1). 

The primary outcome of the study, the time required for Au-
raGain insertion, was significantly shorter in the ramped group 
(n =  23) compared to the sniffing group (n =  22) (13.0 s [11.0, 
16.0] vs. 24.0 s [21.0, 28.0], P <  0.001) (Fig. 2). OLPs and Brima-
combe scores were comparable between the groups (Table 3). No 
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Fig. 1. Flowchart of the study population. SGA: supraglottic airway.

Table 1. Baseline Characteristics of the Study Participants
Variable Ramped group (n =  24) Sniffing group (n =  24) P value
Age (yr) 47.9 ±  14.4 44.6 ±  13.7 0.423
Sex (M) 6 11 0.227
Height (cm) 160.9 ±  8.4 163.5 ±  9.8 0.338
Weight (kg) 90.7 ±  14.0 90.4 ±  16.9 0.949
BMI (kg/m2) 34.8 (32.0, 36.6) 33.3 (31.6, 37.2) 0.650
Airway assessment factors
  Mallampati score (1/2/3/4) 17/7/0/0 15/7/2/0 0.661
  Neck circumference (cm) 39.5 (37.5, 43.0) 39.5 (38.0, 43.5) 0.764
  Sternomental distance (cm) 16.0 (14.2, 17.9) 16.0 (15.0, 18.0) 0.788
  Thyromental distance (cm) 8.0 (7.0, 10.0) 8.0 (7.5,  9.0) 0.640
  Interincisor distance (cm) 4.2 (4.0, 5.0) 4.5 (4.0,  5.0) 0.726
Warters grading scale (0/1/2/3/8) 15/8/1/0/0 10/6/5/2/1 0.107
Values are presented as mean ± SD, number or median (Q1, Q3). BMI: body mass index.

Assessed for eligibility (n = 54)Enrollment

Allocated to ramped position (n = 24)

Received allocated intervention (n = 24)
Discontinued intervention (n = 1) 
SGA insertion failure

Allocated to sniffing position (n = 24)

Received allocated intervention (n = 24)
Discontinued intervention (n = 2) 
SGA insertion failure

Analyzed for intervention (n = 24)
Analyzed for successful intervention (n = 23)

Analyzed for intervention (n = 24)
Analyzed for successful intervention (n = 22)

Excluded (n = 6)
• Body mass index < 30 kg/m2 (n = 4)
• Declined to participate (n = 2)

Randomized (n = 48)

Allocation

Follow-up

Analysis

intraoperative desaturation, regurgitation, aspiration, laryngo-
spasm, or bronchospasm events were observed in either group. 
The incidence of blood staining on the device and postoperative 
severity of sore throat, dysphonia, and dysphagia at 30 min and 
24 h after surgery were not significantly different between the 
groups (Table 4). 

Discussion 

This study aimed to compare the ramped and sniffing positions 
for AuraGain insertion in patients with obesity. Our findings in-
dicate that the ramped position provides significant advantages 
over the sniffing position in terms of both insertion time and ease 
of insertion while ensuring comparable safety and efficacy, as evi-
denced by the OLPs and complication rates. Although the inser-
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tion time was significantly shorter in the ramped group, the clini-
cal implications may be relatively low because of the shorter inser-
tion time in both groups. However, the ramped position facilitated 
SGA insertion more effectively, with an NNT of 2.4. This indicates 
that for every two to three patients positioned in the ramped posi-
tion, one additional patient would experience easier SGA inser-
tion than in the sniffing position. 

The results of our study are consistent with and contribute to 

the growing body of literature emphasizing the benefits of the 
ramped position in airway management, especially in obese indi-
viduals. Previous research has shown that the ramped position 
improves mask ventilation and laryngeal view with direct laryn-
goscopy in patients [5–8]. This advantage extends to video laryn-
goscopy-guided tracheal intubation, where the ramped position 
has been shown to facilitate intubation and reduce intubation 
time in morbid patients with obesity [9]. While previous studies 
have extensively investigated the impact of ramped versus sniffing 
positions on ventilation and tracheal intubation [5–9], our study 
fills this gap by focusing specifically on SGA insertion. To our 
knowledge, this is the first study to compare the impact of these 
positions on SGA device insertion in patients with obesity. 

The sniffing position is typically recommended for SGA inser-

Table 2. Characteristics of the AuraGain Insertion
Variable Ramped group (n =  24) Sniffing group (n =  24) NNT (95% CI) P value
Size of AuraGain used 0.174
  3 5 (21) 8 (33)
  4 18 (75) 12 (50)
  5 1 (4) 4 (17)
Insertion attempts (n) 0.319
  First attempt 22 (92) 18 (75)
  Second attempt 1 (4) 3 (13)
  Third attempt 1 (4) 3 (13)
Overall insertion success 1.000
  Success 23 (96) 22 (92)
  Failure 1 (4) 2 (8)
Reported ease of insertion 2.4 (1.6, 5.0)* 0.003
  Easy 16 (67) 5 (21)
  Acceptable 7 (29) 8 (33)
  Difficult 0 (0) 5 (21)
  Very difficult 0 (0) 4 (17)
  Impossible 1 (4) 2 (8)
Values are presented as numbers (%). NNT: number needed to treat. *Calculated as binary variables: ‘easy’ or ‘acceptable’ versus ‘difficult,’ ‘very 
difficult,’ or ‘impossible.’

Fig. 2. Time required for AuraGain insertion in the ramped (n = 23) 
and sniffing (n = 22) groups. Lines, boxes, and whiskers represent 
the median, interquartile range, and range, respectively. The circles 
represent outliers. *P < 0.05.

Table 3. Characteristics of Successful AuraGain Insertion

Variable Ramped group 
(n =  23)

Sniffing group 
(n =  22) P value

OLP (cmH2O) 30.0 (30.0, 31.5) 30.0 (25.0, 35.0) 0.384
Brimacombe score 0.598
  1 0 2
  2 11 11
  3 4 4
  4 8 5
Values are presented as median (Q1, Q3) or number. OLP: oropharyngeal 
leak pressure.
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tion by manufacturers, regardless of the patient’s obesity [13,14]. 
However, studies have reported that the sniffing position that is 
regarded as the standard for tracheal intubation in non-patients 
with obesity [18–20] may not be the ideal position for SGA in-
sertion [15–17]. Brimacombe and Berry [15] reported no signifi-
cant differences in SGA insertion success rates between the sniff-
ing and neutral positions. Jun et al. [17] reported no significant 
differences in the success rate or insertion time at the first at-
tempt of SGA placement between the sniffing and simple head 
extension groups, even in patients with anticipated difficult air-
ways. Another study indicated that the first-attempt success rate 
of SGA insertion was higher in patients with head elevation of 3 
compared to those with head elevation of 6 cm head elevation in 
adult patients [16]. However, the authors admitted that the prop-
er sniffing position that is composed of head extension and suffi-
cient head elevation to achieve neck flexion on the thorax would 
be exceptionally advantageous in managing the airways of pa-
tients with obesity compared to simple head extension [17,23]. 
Our study validated that in patients with obesity, sufficiently ele-
vating the head and shoulders in the ramped position is more 
advantageous for SGA insertion compared to the standard sniff-
ing position. 

The differences in the positioning required for tracheal intuba-
tion and SGA insertion may stem from the distinct anatomical 
challenges faced during these procedures [21]. For tracheal intu-
bation, head extension combined with the head by 8–10 cm 
aligns the laryngeal, pharyngeal, and oral axes, providing an ade-
quate laryngeal view and facilitating the passage of an endotra-
cheal tube through vocal cords [20,26–28]. However, SGA inser-
tion relies more on smooth advancement through the oral, pha-
ryngeal, and laryngeal areas without affecting the posterior pha-
ryngeal wall [16]. This is particularly important in patients with 
obesity, who typically exhibit reduced posterior airway space be-

hind the tongue [29]. Additionally, simple head extension on a 
flat surface was demonstrated to naturally cause a certain degree 
of neck flexion in non-patients with obesity with normal head 
extension [30]. Therefore, while simple head extension may be 
sufficient for SGA insertion in patients who are not obese, suffi-
cient head elevation may be crucial for patients with obesity to 
compensate for greater body fat on the back and shoulders, 
thereby achieving adequate neck flexion for airway management 
[23]. The ramped position, achieved by adequate neck flexion 
and head extension in patients with obesity, could have facilitated 
the advancement of SGA through the oral, pharyngeal, and la-
ryngeal areas with reduced resistance against the posterior pha-
ryngeal wall [31]. This supports our findings that the ramped 
position reduces SGA insertion time and eases the difficulty of 
insertion in patients with obesity. 

Previous studies on the impact of head positioning on SGA in-
sertion reported no significant differences in airway sealing pres-
sures, fiberoptic scores, or complications (including blood-tinged 
equipment, sore throat, and hoarseness) [15–17]. In line with 
these studies, we confirmed that OLP, fiberoptic view, and com-
plication rates were comparable between the groups. 

This study has several limitations. First, our study included pa-
tients with a BMI ≥  30 kg/m2 because of the relatively lower prev-
alence of morbid obesity in Asian populations. Targeting individ-
uals with higher BMIs, such as those with morbid obesity, may 
yield more robust outcomes. This may have had a more clinically 
significant impact on the primary endpoint of SGA device inser-
tion time. Second, because this was a single-center study, the gen-
eralizability of the results may have been limited. Third, owing to 
the nature of the interventions used in this study, data were col-
lected by unblinded assessors. Fourth, the exclusive use of one 
type of SGA, the Ambu® AuraGainTM, warrants caution when ap-
plying these results to other SGAs. Therefore, future studies 

Table 4. Complications of Successful AuraGain Insertion
Variable Ramped group (n =  23) Sniffing group (n =  22) P value
Emergence from anesthesia
  Blood-tinged equipment 2 4 0.414
30 min after operation
  Sore throat (0/1/2/3)* 17/5/1/0 14/4/3/1 0.602
  Dysphonia (0/1/2/3) 18/4/1/0 20/0/2/0 0.130
  Dysphagia (0/1/2/3) 22/1/0/0 19/1/2/0 0.477
24 h after operation
  Sore throat (0/1/2/3) 19/4/0/0 18/3/1/0 1.000
  Dysphonia (0/1/2/3) 21/2/0/0 22/0/0/0 0.489
  Dysphagia (0/1/2/3) 21/1/1/0 22/0/0/0 1.000
Values are presented as numbers. *Severity of complications are shown as: 0, none; 1, mild; 2, moderate; 3, severe.
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should include individuals with higher BMIs, conduct multicenter 
trials, and explore the use of various SGAs. This approach offers 
more comprehensive insight into the optimal positioning of SGA 
insertions in patients with obesity. 

In conclusion, the ramped position was more advantageous 
than the sniffing position in terms of SGA insertion time and ease 
of insertion in patients with obesity while providing comparable 
airway sealing without an increase in adverse events. Therefore, 
the ramped position can be considered a safe and effective alter-
native for SGA device insertion in patients with obesity. 
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