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ABSTRACT
Background: Awake tracheal intubation (ATI) is becoming a gold standard in managing the 
difficult airway. Airway anesthesia is the cornerstone for the preparation of awake fiberoptic 
intubation (AFOI). Many topical and regional techniques have been developed to attenuate 
airway reflexes and facilitate AFOI. Glossopharyngeal superior laryngeal and recurrent laryngeal 
nerves must be blocked to attain adequate reflex abolishment.
Aim: This randomized controlled prospective study was performed to evaluate the effective-
ness of adding airway nerve blocks to lignocaine nebulization for nasal AFOI.
Methodology: This was a comparative study conducted in 50 patients randomly allocated into 
two groups of 25 each: Group A and Group B; both received nebulization of 2% lignocaine 
10 mL. Group B was then given airway blocks as bilateral superior laryngeal (2% lignocaine 
1.5 mL each) and transtracheal (2% lignocaine 2 mL) block. Group A received the same airway 
nerve block by the same volume with normal saline 0.9%. Two puffs of 10% lignocaine to the 
nose and postnasal space on each side were given to both groups. Awake nasal fiberoptic 
intubation was performed. Vital parameters, such as intubation time, intubation condition, 
patient comfort scale, satisfaction score, and side effects, were recorded. Statistical analysis for 
both groups was done.
Results: Statistically, no significant differences were found in demographics and hemody-
namics. Regarding intubation time and intubation condition scale, there was a significant 
improvement in Group B than in Group A. Also, overall patient comfort and satisfaction scores 
were significantly better in Group B than in Group A.
Conclusion: Upper airway lignocaine nebulization may provide adequate anesthesia for AFOI, 
but when supplemented by airway nerve blocks, it improves the quality of anesthesia and 
patient satisfaction.
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1. Introduction

The presence of unanticipated difficult airway can threa-
ten the patient life. ‘Cannot intubate, cannot oxygenate’ 
(CICO) scenario occurs when many attempts for oxygena-
tion by different devices as supraglottic airway device 
(SAD), facemask or trachea lintubation have failed, and 
the patient becomes at risk of irreversible hypoxic brain 
injury and even death. Fronneckt-of- airway (FONA) 
method may rapidly become the lifesaving method for 
immediate oxygenation [1], usually by performing 
a cricothyrotomy. CICO situations are rare and may be 
associated with significant morbidity and mortality, espe-
cially with any hesitation to take the decision of cricothyr-
otomy [1–3]. This emergency situation pushes Rehak and 
Watterson to investigate the institutional preparedness of 
a group of hospitals in New Zealand and Australia for 
CICO scenarios [4]. Using a flexible fiberoptic broncho-
scope for awake intubation is considered a relatively safe 
and simple way for intubation under direct vision in most 
situations [5,6]. The incidence of difficult airway intuba-
tion cases shows a range of 1–18% of all intubations with 
different degrees [7]. Before AFOI, appropriate anesthesia 

of the nose, pharynx, larynx, and trachea, to suppress 
reflex coughing and gaging during bronchoscopy and 
intubation. Airway anesthesia can be done by application 
of local anesthetic over airway mucous membranes (vis-
cous solutions, soaked cotton pledges, spray and nebuli-
zation) or by airway nerve block techniques [8]. 
Nebulization of local anesthetic can achieve effective 
anesthesia in the most upper respiratory system for 
AFOI. This technique is simple and there is no fear of 
needle pain; also, little working knowledge about the 
anatomy of the airway is sufficient for its successful use 
[9]. Topical anesthesia alone may be inadequate for AFOI 
in some patients because the submucosal stretch recep-
tors at the base of tongue may cause gag reflex; these 
receptors may not be completely blocked by topical neb-
ulization, so they have to be augmented by specific air-
way blocks [10]. Airway nerve blocks are in the form of 
glossopharyngeal, superior laryngeal (SLN) and trans tra-
cheal block to abolish gag reflex, closure of the glottis and 
reflex coughing [9,10]. These nerve blocks may be inade-
quate in some patients because of bad technique, lack of 
experience and anatomical variations which can disturb 
the patient cooperation and can abort AFOI [11–14]. Local 
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anesthesia nebulization can cover a large area in the air-
way, but with low intense block [9]. Supplementation of 
this technique with selective airway nerve blocks can be 
an alternative way to achieve effective anesthesia for AFOI 
[9,15]. A lot of studies have been done to compare ligno-
caine nebulization or spray technique with airway nerve 
block technique, but there is a paucity of the literatures 
that studied the combined effects of both techniques. So, 
we hypothesize that by combining the two techniques, 
we can achieve more suitable condition for AFOI and also 
better patient cooperation and satisfaction during the 
procedure. This randomized prospective study was con-
ducted to evaluate the effectiveness of using airway 
blocks in addition to lignocaine nebulization for topical 
anesthesia for AFOI in a patient with suspected difficult 
airway. Also, we used midazolam for sedation, which 
results in a stable hemodynamic profile and does not 
compromise respiratory function of the patient. Our pri-
mary objective was to compare the intubation time of the 
two groups, and the secondary objectives were to assess 
the intubation condition, cough severity and patient 
satisfaction.

2. Methodology

After institutional ethical committee approval, this ran-
domized prospective double-blinded study was con-
ducted in 50 patients in 6-month duration. Patients 
were allocated into two groups of 25 each of either 
sex, age 18–60 years, and American Society of 

Anesthesiologists (ASA) Classes I and underwent surgery 
under general anesthesia with suspected difficult intu-
bation by using modified Mallampatti grading, thyro-
mental distance and upper lip bite test. We excluded 
patients who did not provide consent, had an allergy to 
study drugs or were complaining of bronchial asthma, 
epilepsy, coagulation disorders or hemodynamically 
unstable. ENT (ear, nose, and throat) specialist 
examined patient tonsils to roll out sepsis before glos-
sopharyngeal nerve block. Also, patients with nasal dis-
eases or fracture skull base were excluded. The patients 
were explained about AFOI for more cooperation, 
laboratory investigation and medical reports; fasting 
times were checked and informed consent was 
obtained. The patients were randomly allocated to two 
equal groups using computer-generated tables of ran-
dom numbers. For the purpose of investigator blinding, 
the baseline parameters, such as heart rate, noninvasive 
blood pressure, oxygen saturation and electrocardio-
graphic data were recorded in the preparation room 
with insertion of an intravenous (i.v.) line, ranitidine 
50 mg injection (i.v). Glycopyrolate (0.05 mg/kg) was 
given intravenously (IV) and two drops of xylometazo-
line 0.1% were instilled in each nasal opening. Fentanyl 
(1 ug/kg, IV) was injected i.v. 15 min before the proce-
dure. Then, Group A and Group B patients were con-
nected to a nebulizer with oxygen flow rate of 7–10 L/ 
min used to deliver up to 10 mL of 2% lidocaine (lido-
caine HCl, injection, USP), 20 mg/mL 50 mL multiple- 
dose vial (200 mg of which 25% is typically absorbed) 

Figure 1. Consolidated flow diagram showing patient progress through the study.
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[16] into the naso-oro-pharynx, and the patients were 
encouraged to breathe deeply to facilitate entrainment 
of nebulized lidocaine into their airway over 10–15 min. 
Airway nebulization by lignocaine was supplemented 
by airway nerve block with placebo (normal saline 
0.9%) in Group A or lidocaine in Group B with the 
same volume in both groups. Airway nerve blocks 
including glossopharyngeal nerve were performed 
using 1.5 ml of lidocaine 2% in a syringe connected to 
spinal needle 25 gauge. The tongue was retracted medi-
ally, and then the needle was inserted at 0.5 cm lateral to 
the base of the tongue on the posterior tonsillar pillar; 
then, the other side was injected [17]. The superior 
laryngeal nerves were blocked bilaterally by infiltrating 
1.5 ml of lignocaine 2% on each side at the lateral and 
inferior aspect of the hyoid bone. Then, 1% lignocaine 
2 mL (20 mg) was injected into the trachea through the 
cricothyroid membrane. Finally, two puffs of 10% ligno-
caine to the nose and postnasal space on each side 
(10 mg) were given in both groups. The amount of 
local anesthetic was usually within the safe range of 
the doses allowed; we intended to not exceed 5 mg/ 
kg 400 mg totally (25% only absorbed from topically 
used lidocaine) [16]. To ensure investigator blinding, all 
airway blocks (nerve blocks or nebulization) were per-
formed in the separate preparation room which was 
well equipped by monitors and anesthesia machine 
and performed by an independent anesthesiologist, 
who was expert in airway block. The time taken for 
airway blocks and patient’s preparation was 
15–20 min; then, the patient was transferred to the 
main operative room to undergo AFOI by expert well- 
trained anesthesia consultant who was blinded to study 
groups. A flexible 5.0-mm fiberoptic bronchoscope (Karl 
Storz GmbH & Co. KG, Germany) with a flexible endo-
tracheal tube with internal diameter of 7.0 or 7.5 mm 
(for females and males, respectively) was used. 
Intubating conditions and vocal cord position (Table 1) 
were recorded by the intubating anesthesiologist, while 
patient comfort (Table 2), post-intubation patient 

satisfaction (Table 1), intubation time and vital signs 
were recorded by another independent observer who 
was blinded to the study group. Vital signs were 
recorded immediately and at 1, 3, 5 and 10 min after 
intubation. Intubation time is the time from passing the 
fiberoptic bronchoscope tip into the patient nose to the 
first capnography reading obtained after endotracheal 
intubation. Intubating conditionscores indicate the ease 
of intubation, and reflect the degree of suppression of 
pharyngeal and laryngeal reflexes, and movement of 
vocal cord. After confirmation of endotracheal intuba-
tion by bronchoscopy and capnography, general 
anesthesia was started with propofol (2 mg/kg, IV) and 
atracurium bromide (0.5 mg/kg, IV). Post-operative 
assessment to assess any adverse effects such as hoar-
seness, sore throat or any hematoma formation was 
done by assistant of ENT specialist.

2.1. Sample size

Based on a previous study by Mathur et al. [18] who 
reported 30% difference in the intubation time, a total 
sample size of 50 patients (25 patients in each group) 
enables us to reject the null hypothesis that the failure 
rates for study and control subjects are equal with 
probability (power) of 0.80, when type I error probabil-
ity associated with this test is 0.05, after adding 20% for 
possible dropout of patients.

2.2. Statistical analysis

Statistical analyses were performed using SPSS software, 
version 22.0 (IBM Corp., USA). Quantitative variables are 
expressed as mean ± SD or median (interquartile range), 
and categorical variables as number and percent. 
Shapiro–Wilk test was used to assess normality of quan-
titative data. To compare variables between two groups, 
Student’s t test was used for quantitative parametric 
data, the Mann-Whitney U test for quantitative nonpara-
metric data and Chi-square or Fisher’s test for 

Table 1. Intubation condition, vocal cord position, postoperative patient satisfaction.

Intubation condition Vocal cord position
Postoperative patient 

satisfaction

Grade 1 Optimal (no hold-up of tracheal tube with vocal cords) Optimal (no hold-up of tracheal tube with vocal 
cords)

Excellent

Grade 2 Suboptimal (hold-up relieved by one rotation of the 
tube)

Moving/glottis partially open Good

Grade 3 Difficult (hold-up requiring more attempts of tube 
rotation of)

Adducted/glottis closed Fair

Grade 4 Failure (failed to awake fiberoptic intubation) Poor

Table 2. Patient comfort indices (cough severity, intubation comfort, postintubation assessment).
Cough severity Comfort during intubation Postintubation assessment

Grade 1 No cough No reaction Cooperative
Grade 2 Slight (≤2 coughs) Grimacing Restless/minimal resistance
Grade 3 Moderate (3–5 coughs) Verbal objection Severe resistance/requirement for immediate general anesthesia
Grade 4 Severe (>5 coughs) Defensive movements
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categorical data. P values <0.05 were considered to be 
statistically significant.

3. Results

There were non-significant statistical differences in 
demographic data and airway assessment between 
both groups (Table 3). As shown in Figure 2 and 
Table 3, Group B (nebulizer and airway nerve block) 
showed significantly shorter intubation time in com-
parison to Group A (nebulizer group) (112.32 ± 9 s ver-
sus 217.08 ± 13.52 s, P < 0.001).

Comparison of intubating conditions between both 
groups (Table 4) revealed that Group B had significant 
statistical differences in the frequencies of optimal 
intubating condition (P = 0.027), relaxed vocal cord 
position/glottis opening (P = 0.001), cough severity 
(P < 0.001), intubation comfort (P = 0.001), cooperation 
after intubation (P = 0.001) and excellent/good patient 
satisfaction postoperatively (P = 0.001).

Hemodynamic changes in both groups are pre-
sented in Figure 3. Intragroup comparison of baseline 
HR (heart rate) and MAB (mean arterial pressure), 
obtained just after nebulization in GroupA or nebuliza-
tion and nerve block in Group B and 1 minute after 
awake fiberoptic intubation, revealed a significant 
reduction in heart rate and blood pressure in both 
groups, which returned to near baseline levels at 3, 5 
and 10 min post intubation. Heart rate and mean 
arterial pressure were comparable between the groups 
10 minutes after fiberoptic intubation. There were no 
significant differences regarding oxygen saturation 
among the study group.

4. Discussion

Awake tracheal intubation (ATI) means insertion of 
tracheal tube in an awake patient to maintain his 
spontaneous breathing, most commonly with either 
flexible bronchoscopy (ATI:FB) or video-assisted laryn-
goscopy (ATI:VL). This allows securing the patient air-
way before starting the general anesthesia, avoiding 

the morbidity and even mortality of management of 
unanticipated difficult airway [19,20].

Since the invention of the flexible fiberoptic 
bronchoscope by Dr. Shigeto Ikeda in 1966 [21] and 
its subsequent application for tracheal intubation in 
1967 by Dr. Peter Murphy [22], regional anesthesia of 
the airway made awake fiberoptic intubation accepta-
ble and not distressing for patients and also allow 
better control over different intubation conditions. 
Many authors have compared different airway 
anesthesia techniques. Webb et al. [23] compared 
tow techniques of trans-cricoid lidocaine injection 
and spray-as-you-go for awake fiberoptic intubation 
in 70 adult patients. Graham et al. [24] compared 
three different techniques of providing airway 
anesthesia during fiberoptic bronchoscopy intubation 
in 53 patients. Kundra et al. [25] studied the effect of 
nebulized lignocaine 4% combined with airway nerve 
block for awake fiberoptic intubation in 48 adult 
patients. Airway nebulization by local anesthetics is 
an important technique that deposits small droplets 
of local anesthetic over the mucosa directly, thus pro-
ducing surface anesthesia without the need for multi-
ple painful injections of local anesthesia. Also, this 
simple technique may require less detailed knowledge 
about anatomy, less experience and skills; it can also 
be used in cases of neck swelling which makes some 
difficulties with airway nerve block. However, it has 
some disadvantages including a higher chance of fail-
ure, requirement for higher doses of local anesthetic 
(due to drug wastage during administration) and rela-
tively delayed onset of action. Airway nerve blocks for 
fibereoptic intubation include: blocks of glossopharyn-
geal nerve (which anesthetize the oropharynx and 
abolish the gag reflex), superior laryngeal nerve block 
(which anesthetize larynx above the vocal cords level 
and abolishes glottic closure reflex) and trans-tracheal 
nerve blocks (which anesthetize larynx below the vocal 
cords the trachea and abolish cough reflex). Airway 
nerve blocks provide deep and rapid anesthesia by 
small doses of local anesthetic, but this technique 
requires thorough knowledge of upper respiratory sys-
tem anatomy, operator skill and experience; it also has 
a risk of intravascular injection and sometimes neural 
injury can not be excluded. In cases of disturbed airway 
anatomy such as neck swelling, traumatic injury to the 
face or the neck and local infection, the airway nerve 
block may become difficult [26,27].

In our study, we used 10 ml of 2% lignocaine 
(200 mg) for nebulization, in addition to lidocaine 
10% puffs in both nostril (20 mg), and even after 
supplementation of nebulization group by airway 
nerve block (Group B), the total dose did not exceed 
the maximum allowed dose of lignocaine. Sutherland 
et al. [28] used a nebulization median dose of 512 mg 
which caused toxicity in two patients at a plasma con-
centration above 5 μg/ml, but that a dose of 370 mg 

Table 3. Demographic data, airway assessment and intubation 
time in the studied groups.

Variables
Group A 
(n = 25)

Group B 
(n = 25) Pvalue

Age (years) 40.67 ± 11.01 37 ± 11.77 0.25
Sex (M/F) 15/10 13/12 0.56
Weight (kg) 65 ± 8.36 64.72 ± 10.77 0.91
ASA physical status (1/2) 23/2 22/3 0.63
Modified Mallampatti grade 

(1/2/3/4)
3/17/3/2 5/15/4/1 0.77

Thyromental distance (cm) 
(>6.5/6–6.5/<6)

20/4/1 22/2/1 0.68

Upper lip bite test (1/2/3) 9/14/2 7/17/1 0.64
Intubation time (s) 217.08 ± 13.52 112.32 ± 9 <0.001*

*Significant difference. ASA, American Society of Anesthesiologists. 
Data are presented as mean (SD) or number.
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did not cause toxicity. Gjonaj et al. [29] used two doses, 
8 mg/kg and 4 mg/kg lignocaine, for airway nebuliza-
tion and found no toxicity observed; also, Parkes et al. 
[8] who used a dose of 6 mg/kg lignocaine, noticed 
plasma lignocaine level did not exceed 0.45 mg/L in 
any of their patients. Because in our study there was no 
way to measure concentrations of plasma lignocaine, 
we limited the maximum lignocaine dose to 400 mg. 
Techanivate et al. [30] found effective upper airway 
anesthesia for fiberoptic bronchoscopy intubation 

using 2% lignocaine in the form of nebulization and 
topical application of cocaine in the nose.

Many studies compared the different techniques of 
awake FOB intubation, but this randomized controlled 
study was performed to study the effectiveness of using 
airway nerve blocks in addition to lignocaine nebuliza-
tion and local anesthesia nebulization before needle 
injection decreases the discomfort of airway instrumen-
tation [31]. Airway nerve blocks provide good anesthe-
sia to facilitate the awake FOB intubation [6].

In our study, there was no failed intubation in either 
group. The mean intubation time was significantly 
shorter in Group B (mixed block) than in Group 
A (nebulization block). Also, intubation condition, 
relaxed vocal cords, patient comfort during AFOI and 
post-intubation satisfaction all were significantly 
improved in Group B than in Group A.

Manish Khandelwal et al. [32] reported that patient 
comfort and patient satisfaction score were better in the 
group of mixed block of nebulization and airway nerve 
block than the other group of airway nerve block alone, 
despite no significant difference regarding the intuba-
tion time and intubation grading scale which may be 
due to low dose of lidocaine used in nebulization (4 ml 
2% lidocaine) than in our study. Augmenting our idea of 
supplementation of the nebulization by air way neve 
block, the study by Reasoner et al. [27] found no sig-
nificant difference in the intubation time between the 
topical anesthesia and nerve block group. The topical 
anesthesia group received 20 mL of 4% lignocaine 
through nebulization with a trans-tracheal injection of 
3 mL lidocaine. The airway nerve block group received 
glossopharyngeal, SLN blocks and trans-tracheal injec-
tion of lidocaine. No difference in the result may be 

Figure 2. Boxplot of the quartiles of intubation time in the studied groups. Group A: airway nebulization group. Group B: airway 
nebulization and nerve block group.

Table 4. Comparison of intubating conditions between both 
groups.

Variables Description
Group A 
(n = 25)

Group B 
(n = 25)

Intubating 
conditions

Optimal 11 (44%) 20 (80%)
Suboptimal 9 (36%) 4 (16%)
Difficult 5 (20%) 1 (4%)
Pvalue 0.027*

Vocal cords 
position

Relaxed/glottis open 3 (12%) 16 (64%)
Moving/glottis partially open 15 (60%) 7 (28%)
Adducted/glottis closed 7 (28%) 2 (8%)
Pvalue 0.001*

Cough 
severity

No cough 2 (8%) 16 (64%)
Slight (≤2 coughs) 19 (76%) 8 (32%)
Moderate (3–5 coughs) 4 (16%) 1 (4%)
Pvalue <0.001*

Intubation 
comfort

No reaction 1 (4%) 21 (84%)
Grimacing 21 (84%) 4 (16%)
Verbal objection 2 (8%) 0 (0%)
Defensive movements 1 (4%) 0 (0%)
Pvalue <0.001*

After 
intubation 
assessment

Cooperative 3 (12%) 23 (92%)
Restless/minimal resistance 19 (76%) 2 (8%)
Severe resistance 3 (12%) 0 (0%)
Pvalue <0.001*

Patient 
satisfaction

Excellent 0 (0%) 14 (56%)
Good 16 (64%) 10 (40%)
Fair 8 (32%) 1 (4%)
Poor 1 (4%) 0 (0%)
Pvalue <0.001*

*Significant difference.
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regarded to trans-tracheal injection in topical anesthesia 
group of nebulization, which further improved the qual-
ity of anesthesia. This explains the significant 

improvement in our combined group than the nebuli-
zation group that we did not inject trans-tracheal lido-
caine in topical nebulized group plus needle intraoral 

Figure 3. Mean of the evaluated hemodynamic parameters (HR: heart rate, MAP: Mean arterial pressure, and SpO2: Oxygen 
saturation) in both groups.
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injection of glossopharyngeal nerve in our mixed group. 
Blocking the glossopharyngeal nerve is a part of effec-
tive block [23]. It should be noted that in all previous 
studies no standardized scale for measuring intubating 
conditions was used, and so it was difficult to compare 
their intubating conditions with those in our study. The 
patient comfort compared between our two study 
groups was indicated by cough severity and intubation 
comfort scores during and after AFOI; it was higher in 
the mixed block Group B. This can be regarded to direct 
injection of lignocaine in the vicinity of the airway 
nerves. However, during nebulization, the lignocaine is 
deposited over the airway mucosa, so a big amount of 
local anesthetic is needed. In addition, it can lead to 
patchy, less effective anesthesia. Gupta et al. [6] also 
observed significant coughing in the group of nebuliza-
tion compared with airway nerve block group.

Kundra et al. [25] compared two techniques of air-
way anesthesia for AFOI. One group was blocked by 
4 mL of 4% lignocaine through nebulization and the 
other group received airway nerve blocks; intubation 
time was nearly similar in both groups; grimace scores 
and hemodynamic parameters were significantly higher 
in nebulization group during. In our study, both groups 
were given nebulization and one group was supple-
mented with airway nerve block, and hence, cough 
reflex in the form of bronchoscopy time, intubation 
grading and vocal cord movement was significantly 
better in combined group than in nebulized one. 
Hemodynamic parameters in our patients remained 
stable; this can be regarded to fentanyl injection before 
the procedures. Although we noted some reduction in 
mean blood pressure and heart rate from baseline just 
after AFOI in both groups, without the need for any 
pharmacological intervention, they normalized within 
3–5 minutes after intubation. In contrast to our study, 
Kundra et al. [25] reported increase in patient hemody-
namics in their groups, although the increase was sig-
nificantly greater in the nebulization group than in 
combined block group. We found that oxygen satura-
tion parameter was comparable between Group A and 
Group B. The patients received supplemental oxygen 
through the bronchoscope channel and no desatura-
tion was recorded during the AFOI.

The local anesthetic (lignocaine) concentrations 
used in our study were below the acceptable toxic 
limits. But we lookout for any signs and symptoms of 
lignocaine toxicity.

4.1. Limitation

Limitation of our study was not having the facility for 
measuring serum lignocaine level especially in com-
bined methods of airway blocks. Secondly, our results 
cannot be directly interpreted to the cases with diffi-
cult airways as the study included all grades of airway; 
so, further studies may be required.

5. Conclusion

Our study revealed that anesthesia of the airway using 
lignocaine nebulization supplemented by airway nerve 
blocks is superior to lignocaine nebulization alone for 
awake fiberoptic bronchoscopy intubation. Regarding 
the ease of intubation, patient comfort and satisfac-
tion, lignocaine airway nebulization may be used as an 
alternative technique for airway anesthesia when air-
way nerve block is not accessible as we observed no 
case of failed AFOI and no complications recorded 
during nebulization.
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