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Case Series

Novel Technique of Nasopharyngeal Airway as an Alternative to Conventional
Mask Ventilation in Challenging Airway

Aparna Sinha’, Misha Katyal', Dinesh Punhani', Abhishek Sharma', Sangeetha Patro’, Neha Gupta'

Abstract

Background: Difficult mask ventilation (DMYV) is a critical challenge during induction of general anaesthesia, particularly in patients with
obesity, edentulism, or facial hair. Conventional face mask ventilation often fails due to poor seal and anatomical constraints. This study evaluates
anasopharyngeal airway (NA) connected to a breathing circuit as an alternative approach in patients with predicted DMV.

Methods: This prospective observational study enrolled 108 adult patients with predictors of DMV undergoing elective laparoscopic surgery
under general anaesthesia. After standard induction, mask ventilation was attempted, followed by NA ventilation using a standard endotracheal
tube connector. Tidal volume leak, success of ventilation, and patient-specific anatomical variables were recorded. Leak <50% of desired tidal
volume was considered successful ventilation. Statistical comparisons were made using paired t-tests and regression analyses.

Results: One patient was excluded due to failed NA insertion. Among the 107 patients analyzed, NA significantly reduced mean tidal volume
leak from 43.5% (SD 35.1%) during conventional mask ventilation to 4.7% (SD 5.7%) (p<0.001). Ventilation success improved from 57% with
conventional mask ventilation to 100% with NA. Subgroup analysis revealed the greatest benefit in patients with beards, increased age, and
edentulous status. Linear regression identified beard presence (+40.9%, p=0.002), increasing age (+0.71%/year, p=0.001), and shorter
ventilation time as significant predictors of leak reduction. Adverse events were minimal (4.5%), including two cases of transient desaturation
and one nasal bleed, all self-limiting.

Conclusion: Nasopharyngeal airway connected to a ventilator circuit is a highly effective and safe alternative to conventional mask ventilation in

patients with anticipated DMV. Its efficacy s particularly notable in anatomical profiles associated with high maskleak.

Keywords: Nasopharyngeal airway, Difficult mask ventilation, Airway management, Obesity, Beard, Edentulous, Ventilation leak

Introduction

Effective mask ventilation is a cornerstone skill for anesthesiologists,
being not only the initial step in general anesthesia but also a crucial
backup when intubation fails. The incidence of difficult mask
ventilation (DMV) is approximately 1.4% [ 1], while impossible mask
ventilation occurs in about 0.15% of cases [ 1, 2]. Ensuring successful
ventilation is thus critical to prevent hypoxemia and serious
complications.

In patients with known predictors such as obesity, edentulous state,
presence of beard, or anatomic variations like large tongue or reduced
mandibular space, managing DMV poses considerable challenges,
particularly. Herein, we present an innovative approach using a
nasopharyngeal airway connected to a breathing circuit through an
endotracheal tube connector (Fig. 1). This assembly allows
unobstructed breathing, accurate end-tidal carbon dioxide
monitoring, and effective assisted ventilation when required.

Ethical Considerations
The study was approved by the Institutional Ethics Committee, and a

waiver of written informed consent was obtained due to the
observational nature and minimal risk involved in the intervention.
Verbal informed consent was obtained following approval by the
Institutional Ethics Committee under the waiver provisions outlined
in ICMR 2017 guidelines. All procedures followed institutional and
international ethical guidelines forhuman research.

Methods

We enrolled 108 consecutive adult patients scheduled for elective
laparoscopic surgery under general anesthesia with anticipated DMV.
Inclusion criteria were: age between 18 to 80 years, American Society
of Anaesthesiologists (ASA) physical status I-I1I, presence of at least
one of the known predictors of DMV during pre-anaesthesia
assessment, Body mass index (BMI) >35 kg/m? Neck circumference
(NC) >40 cm, edentulous state, presence of beard, Mallampati grade
I11/1V and upper lip bite test (ULBT) grade IT/I11.

The inclusion of anatomical and demographic predictors in this study
was guided by validated evidence from large cohort analyses.
Kheterpal et al. (2006) identified age > SS years, BMI > 30 kg/m?,
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edentulism, beard, and male sexas independent predictors of difficult
mask ventilation in over 22,000 anaesthetics [1]. Their subsequent
study of 50,000 cases confirmed that combinations of these factors,
particularly obesity and facial hair, markedly increased failure risk [2].
Kim et al. (2011) introduced the neck-circumference-to-
thyromental-distance ratio as a quantitative index of upper-airway
bulk in patients with obesity. These validated parameters formed the
rationale for our inclusion criteria, ensuring enrollment of a clinically
relevant cohort with anticipated difficult mask ventilation.

Exclusion criteria included deviated nasal septum, inadequate nasal
patency, risk of aspiration, history of nose bleed, deranged
coagulation, thrombocytopenia, coagulopathy, chronic renal failure,
previous exposure to radio therapy or any requirement for planned
awake fiberopticintubation.

Preoperative Assessmentand Preparation

Nasal patency was assessed preoperatively, along with a full airway
evaluation including ULBT. Premedication included oral
pantoprazole 40 mg administered two hours before surgery with

Figure 1: Nasopharyngeal airway (NA) with endotracheal tube (ETT) minimal water. Patients were positioned such that their external
connector. Standard NA (size 8.0 mm ID, 32 Fr) fitted with an ET'T connector

auditory meatus aligned horizontally with the suprasternal notch [3].
and red retaining ring allows direct attachment to the anesthesia breathing circuit.

This assembly enables effective assisted ventilation and capnography in patients Standard monitoring included ECG, non-invasive blood pressure,
with anticipated difficult mask ventilation. pulse oximetry, end-tidal carbon dioxide, and expired tidal volume

(VTe) measurements.

Anaesthetic Management

Preoxygenation was achieved using twin nasal prongs at 6 L/min with
aim to achieve EtO, >0.9. In patients with anticipated difficult mask
ventilation, the ability to achieve an effective face mask seal is
uncertain. Continuous oxygen flow via nasal cannula helps maintain
apneic oxygenation during induction and early airway management,
minimizing desaturation risk. This approach is supported by the ASA
2022 and Difficult Airway Guidelines, both recommending
maintenance of nasal oxygen delivery during apnea in anticipated
difficult airway scenarios. Thus, nasal prongs provided a safety bridge
between preoxygenation and nasopharyngeal ventilation, ensuring
uninterrupted oxygenation without interfering with airway
instrumentation.

Induction was performed with propofol via target-controlled infusion
(TCI) to achieve an effect-site concentration of 3-3.5 pg/ml,
midazolam (0.01 mg/kg), fentanyl 2 mcg/kg) based on lean body
weight.

Once the eyelash reflex was lost, ventilation was initiated using a
properly fitting face mask. Target tidal volume (TVt) and maximum
achieved expiratorytidal volume (T Ve) over the next ten breaths were
recorded, alongwith any SpO, changes.

A lubricated nasopharyngeal airway, adapted with an endotracheal
tube connector, was then placed into the more patent nostril and
attached to a volume-controlled ventilator. Nasopharyngeal airway

sizing: ID 7 mm, 7.5 mm, or 8 mm, corresponding to ET connectors of

Figure 2: Ventilation using nasopharyngeal airway (NA) with endotracheal tube
(ETT) connector.
The image shows assisted ventilation being administered via a nasopharyngeal

the same ID, as appropriate (Fig. 1).
A two-hand technique was employed with thumb pinching the open

airway connected to a standard breathing circuit. A two-handed technique is used nostril

to maintain airway patency, with nostril occlusion and jaw thrust. The ventilator The fingers were used to perform ajaw thrust while simultaneously
monitor displays effective ventilation and capnography, indicating successful use of

ling the lips together (Fig. 2). Effecti tilati firmed
NA inapredicted difficult airway scenario. sea. 1ng e 1ps oge er ( lg ) ective ventilation was confirme
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Table 1: Patient Characteristics and very poorif>60%.

Variable Mean SD Min Max
Age (years) 49.2 15.8 21 80
BMI (kg/m?) 34.9 9.4 19 62.5
Neck Circumference (cm)  40.3 3.6 33 53
Summary of mean, standard deviation (SD), minimum, and maximum values for
age, BMI, and neck circumference in the study population (n=107).

through a square capnograph waveform, bilateral chest rise, and
measurable expiratory tidal volume. Time to ventilation (TTV) was
defined as the duration after inserting the NA to the appearance of a
capnograph waveform.

Data Collection

While leak percentage was the primary outcome, secondary
outcomes including capnographic waveform quality, time to effective
ventilation (TTV), visible chest excursion, and adverse events were
prospectively recorded to strengthen clinical interpretation.

These secondary outcomes were selected to provide a
multidimensional view of ventilation effectiveness. Capnographic
waveform quality served as an objective indicator of alveolar
ventilation, while time to effective ventilation (TTV) reflected the
rapidity of achieving functional ventilation—crucial in patients with
obesity who desaturate quickly. Visible chest excursion provided an
easily observable clinical correlate, and adverse events such as
desaturation, nasal trauma, or need for adjunct devices were recorded
prospectively to evaluate the safety and feasibility of the
nasopharyngeal ventilation technique. Further other parameters
recorded were patient demographics, desired tidal volume (TVs) and
achieved tidal volume (Tve), SpO,, baseline vitals, any post
extubation nasal bleed or discomfort [4]. Experienced
anesthesiologists standardized all procedures. In cases of unsuccessful
nasal airway ventilation, supraglottic airway devices were used, and
the ASA difficult airway algorithm was followed [4].

Successful ventilation was defined as a leak of <50% of desired tidal
volume. Ventilation was considered sub-optimal if leak was 50-60%,

Table 2: Ventilation Outcomes and Anatomical Predictors: conventional ventilation (CV)

and nasopharyngeal airway (NA)

CV:
Indication/Category
(%)
Overall (All Patients) 57.00%
Beard alone 18.50%
BMI, NC, Beard 0.00%
Large tongue / NC / Edentulous 100.00%
Elderly / Receding Jaw / Heavy Jaw 0.00%
NC alone or NC + BMI 33.30%
BMI + NC (no beard) 69.20%
Dentition / Sunken cheeks / Upper denture removed ~ 100.00%
Beard + NC / Beard + NC + BMI 100.00%
Distribution of ventilation outcomes (successful, suboptimal, poor) with conventional mask
ventilation (CV) and nasopharyngeal airway (NA) across anatomical predictors. Comparisons
were performed using chi-square test or Fisher’s exact test as appropriate. Successful ventilation
was defined as a leak of <50% of desired tidal volume. Ventilation was considered sub-optimal if
leak was 50-60%, and very poor if >60%.

Statistical Methods

Data was analyzed using descriptive statistical method. Continuous
variables such as age, BMI, neck circumference, and leak percentages
were summarized as mean, standard deviation (SD), minimum, and
maximum values. Paired comparisons between conventional mask
ventilation (CV) and nasopharyngeal airway (NA) were performed
using the paired t-test to assess differences in mean leak percentages.
Categorical outcomes (successful, suboptimal, poor ventilation)
across anatomical predictors were compared using the chi-square test.
Alinear regression analysis was done on variables found significant in
the univariate analysis. A p-value of <0.05 was considered statistically
significant.

Results and Observations

A total of 108 patients were included in the study. However, one
patienthad a failed nasal airway , hence it was excluded from the study.
The demographic characteristics are summarized in Table 1. The
mean age was 49.2 £ 15.8 years, the mean BMI was 34.9 £ 9.4 kg/m?,
and the mean neck circumference was40.3 + 3.6 cm.

We observed a significant reduction in ventilation leak when
switching from conventional mask ventilation (CV) to
nasopharyngeal airway (NA) ventilation.

The mean leak during CV was 43.5.0% (SD 35.1%), whereas the
mean leak during NA ventilation was substantially lower at 4.7% (SD
5.7%). This difference was statistically significant (paired t-test, t =
11.61,p<0.001).

Overall the mean percentage leak with CV and mean percentage leak
with NA differ significantly (P-value < 0.001). The average
percentage leak during CV was high (mean 43.5.0%), with a
considerable proportion of patients (36.4%) experiencing poor
ventilation. In contrast, NA ventilation achieved a mean leak of only
4.7%, with 100% of patients achieving successful ventilation (<50%
leak). This absolute improvement from $7% to 100% success
following NA use is both statistically and
clinicallysignificant (Table 2,3 ).

To determine which patient factors

CV: NA: significantly contributed to the

Successful POOI‘/SubOptimal Successful improvement in leak (%) when sw1tchlng

(%) (o)
43.00%

from conventional mask ventilation (CV)
100.00% |to nasopharyngeal airway (NA) a logistic

81.50% 96.30% |regression of difference inleak (%) on age,
100.00% 100.00% |gender, time, BMI, NC, edentulous state
0.00% 100.00% [andbeard was performed, table 2.
100.00% 100.00% |Linear regression identified age, time, and
66.70% 100.00% [the presence of beard as significant
30.70% 100.00% |predictors of leak difference between CV
0.00% 100.00% |and NA. Older age was associated with a
0.00% 100.00% |greater reduction in leak, while shorter

mask ventilation time correlated with
larger improvements. Among all
anatomical predictors, the presence of a
beard contributed most significantly to
leak reduction, with a coefficient of +40.9
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Table 3: Linear Regression Analysis of Factors Affecting Leak Difference patients with predictors of difficult mask

1 0, 0,
Predictor/Indication Regressllon P-value 93% Cl 9% Cl
Coefficient Lower Upper
Age (years) 0.711 0.001 0.28 1.143
Time (minutes) —1.094 0.034 —2.101 —0.086
Beard 40.904 0.002 15.635 66.173
Gender 3.872 0.647 —12.887 20.631
BMI 0.006 0.991 —1.128 1.141
Neck Circumference 1.202 0.352 —-1.349 3.752
Other Indications Various >0.05 Variable Variable
Regression analysis identifying the influence of age, beard, ventilation time, gender, BMI, and neck
circumference on leak difference between conventional mask ventilation (CV) and nasopharyngeal airway
(NA). P<0.05 is statistically significant

] ventilation (DMV). In a randomized

Interpretation . .

crossover trial, nasopharyngeal ventilation

Older age — greater
leak difference

More time — smaller

leak difference

yielded significantly improved tidal volumes
and ventilation success in high-risk patients
compared to facemask ventilation [S, 6].

Similarly, we observed an absolute
Beard — largest

) . improvement in success from 57% with
increase in leak

conventional mask to 100% with NA,

difference
Not statistically including in subgroups with anatomical risk
significant factors such as beards, increased neck
Not statistically ~ |circumference, and edentulous state.
significant Consistent with previous studies, our data
Not statistically ~ [reaffirm that DMV is more common in
significant individuals with BMI >30 kg/ m?, age over 57
Not statistically  |years, and especially those with facial hair [7].
significant Neck circumference, which has been

independently associated with both difficult
intubation and mask ventilation in patients

(p =0.002), underscoring its impact on poor mask seal and the value
of early transition to nasopharyngeal airway.

The factors in table 3 together are significantly (P < 0.001)
contributing to the difference in leak but their total contribution was
small (R2=0.299 whichis nearly 30%) : This implies that predictors
explain about 30% of the variance in leak reduction. This is moderate
strength and implies that other unmeasured factors may still be
playingarole.

Secondary outcome analysis supported the clinical efficacy of
nasopharyngeal ventilation. A stable square-wave capnographic trace
was achieved rapidly after induction, confirming effective alveolar
ventilation. Visible chest excursion was observed in all patients, and
no adverse events such as nasal bleeding or airway trauma were
reported. No patient required escalation to a supraglottic device for
rescue ventilation. These findings reinforce the practical safety and
reliability of the technique in the early peri-induction period.

These findings confirm that the use of a nasopharyngeal airway
connected to a ventilator significantly improves ventilation efficacy
by minimizing leak, thereby enhancing patient safety during airway
management in predicted difficult mask ventilation scenarios.
Adverse events were observed in 4.5% of the study population, with
95.5% reporting no complications. The most frequently documented
events included transient desaturation during mask ventilation, with
SpO, dropping to 90% and 92% in two separate cases, and one
instance of mild nasal bleeding. All events were self-limiting and did
notrequire escalation of care.

Discussion

This study demonstrates the effectiveness of a nasopharyngeal airway
(NA) as an alternative to conventional mask ventilation (CV) in
patients anticipated to have difficult mask ventilation.

Our findings demonstrate that NA significantly reduces ventilatory
leak and results in a remarkable improvement in ventilation
outcomes.

Our study adds to the increasing body of evidence suggesting that
nasopharyngeal airway (NA) ventilation yields better outcomes in

with obesity, could be successfully managed
with NA in this study, likely due to the device bypassing soft tissue
compression [7].

Anatomical predictors such as beard, increased neck circumference
(NC), higher BMI, edentulous status, and altered facial anatomy
(receding or heavy jaw) were associated with poor or suboptimal
ventilation with CV. Importantly, the efficacy of the NA in edentulous
patients supports earlier findings that nasal ventilation is
advantageous in cases where orofacial seal is compromised [ 7]. These
results also mirror observations in noninvasive ventilation settings,
where mask leak poses significant clinical challenges and nasal routes
have been proposed to mitigate seal-related failures [8].
Nasopharyngeal ventilation has a physiological advantage since it can
send positive pressure directly into the pharyngeal space, distal to the
soft palate and base of the tongue, avoiding upper airway collapsibility.
This method avoids the dynamic obstruction that frequently happens
during anaesthesia induction, especially in individuals who are obese
or have edentulous anatomy, as these conditions make the tissues of
the upper airways more likely to collapse. Nasopharyngeal ventilation
improves alveolar ventilation efficiency by placing the airflow deeper
in the airway and reducing the anatomic dead space that facemask
ventilation causes. Despite challenging mask seal conditions, the
outcome is more consistent tidal exchange, reduced leak volumes, and
more efficient oxygen supply. The improvements in tidal volume and
leak reduction that we found in our study can be explained by these
mechanisms taken together.

Patients with beards—whether alone or combined with nasal
congestion (NC) and elevated BMI—experienced failure rates above
80% with conventional ventilation (CV). In contrast, the use of a
nasopharyngeal airway (NA) achieved 100% ventilation success
across all anatomical groups studied, highlighting its reliability in
difficult airway conditions. Older patients showed greater reductions
in ventilatory leak when switched to NA, indicating that efficacy may
improve with advancing age. Moreover, shorter mask ventilation
times correlated with greater leak reduction, reflecting timely
recognition ofinadequate CV and early transition to NA.
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Beyond categorical anatomical predictors, morphometric ratios have
also been shown to refine airway risk assessment. Kim et al.
demonstrated that the neck-circumference-to-thyromental-distance
(NC/TMD) ratio provides a superior predictor of difficult intubation
in patients with obesity compared with individual parameters such as
BMI or neck circumference alone. Their findings suggest that upper-
airway bulk relative to mandibular space is akey determinant of airway
difficulty. This principle likely extends to mask ventilation, where
reduced mandibular space and excessive soft-tissue mass compromise
orofacial seal and ventilation efficiency. The present study supports
this concept by showing that patients with increased neck
circumference and reduced mandibular space benefited most from
nasopharyngeal ventilation, highlighting the shared anatomical basis
between difficult intubation and difficult mask ventilation. Among
anatomical predictors, the presence of abeard was the most influential
factor: these patients had the largest leaks with CV but demonstrated
the most marked improvement when ventilated via NA. These results
confirm NA as a highly effective strategy for managing predicted
difficult mask ventilation and stress its importance in scenarios where
anatomical or patient-related factors limit the success of conventional
techniques.

The incorporation of secondary outcomes provided clinically
relevant context to the observed reduction in leak percentage. Rapid
appearance of square-wave capnography and consistent chest
excursion indicate that nasopharyngeal ventilation not only reduces
leak but ensures functional gas exchange. The absence of
complications such as desaturation or trauma further supports the
safety of the technique in high-risk populations. These findings
underscore that assessing ventilation quality through integrated
physiological and clinical markers offers a more complete
understanding of airway performance thanleak metrics alone.

Our findings support the role of NA as a dependable rescue modality
in patients with obesity, elderly individuals, those with beards, and
edentulous patients—situations where achieving a mask seal or
performing an effective jaw thrust can be challenging. The study
provides quantifiable evidence of leak reduction and clinical efficacy
with NA compared to CV across a broad spectrum of difficult airway
predictors. Importantly, NA consistently rescued patients, achieving
100% success even in high-risk groups such as elderly patients with

receding jaws and edentulous profiles who could not be ventilated
effectively with CV. Ventilation outcomes with NA were uniformly
excellentacross all anatomical challenges.

Supraglottic devices such as the LMA ProSeal and i-gel are proven
rescue airways that offer reliable oxygenation once inserted but
require deeper anaesthesia, mouth opening, and oropharyngeal
manipulation—steps that may be challenging or unsafe during the
early phase of anticipated difficult mask ventilation. The
nasopharyngeal airway, by contrast, enables immediate oxygenation
and ventilation through a non-oral route, maintaining airway patency
without disrupting laryngoscopic preparation. This positions NA asa
valuable bridge technique or early step before SGA insertion,
consistent with the escalation sequence described in the ASA 2022
[4], and Difficult Airway Society Guidelines and supported by recent
evidence [S] demonstrating superior ventilation efficacy of
nasopharyngeal compared with facemask techniques. Integrating NA
into the early stages of airway management may therefore shorten the
time to effective ventilation and reduce desaturation risk before
definitive SGA or tracheal access.

While the DAS 2015 guidelines remain foundational in managing
unanticipated difficult intubation, more recent DAS documents such
as the 2020 guidelines on awake tracheal intubation in adults
emphasize maintaining oxygenation during all airway interventions,
limiting attempts, and early adoption of rescue strategies. The concept
of apneic oxygenation and graduated airway escalation inherent in
these guidelines supports the rationale for nasopharyngeal ventilation
asan early oxygenation bridge [4, 5,9, 10]

Conclusion

Our study shows that connecting a nasopharyngeal airway to the
ventilator circuit delivers markedly better ventilation than
conventional mask ventilation, primarily through substantial leak
reduction. This straightforward and reliable approach offers a
valuable alternative for anticipated difficult mask ventilation,
improving success rates and reinforcing patient safety.
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