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Abstract
Background and Objective: Ear suction is a commonly performed procedure for both diagnostic and

therapeutic purposes in the management of ear disorders. However, some patients may experience involuntary
coughing or discomfort during the procedure, which is believed to result from stimulation of the sensory nerves
supplying the external auditory canal. The external auditory canal receives sensory innervation from several
nerves, including the auriculotemporal nerve from the trigeminal nerve (cranial nerve V), the auricular branch
of the vagus nerve, the facial nerve, the glossopharyngeal nerve, and the great auricular nerve from the
cervical plexus (C2-C3). Variations in the distribution of these nerves among individuals may lead to
differences in sensitivity across the external auditory canal. Stimulation at certain sites may induce a more
pronounced cough reflex or immediate pain than at others. This study aimed to identify the specific
anatomical areas of the external auditory canal that should be approached with caution during ear suction due
to their tendency to provoke an immediate cough reflex, as well as to assess the level of pain associated with
each site. The findings may help clinicians determine safer suction areas, minimize unnecessary stimulation,
improve patient comfort, and enhance the overall safety of otologic procedures.

Methods: This descriptive cross-sectional study was conducted among patients undergoing ear suction at the
Department of Otolaryngology, Vachira Phuket Hospital, between June 1 and July 7, 2025. The objective was
to evaluate the anatomical sites within the external auditory canal associated with immediate induction of the
cough reflex and the corresponding pain level. Suctioning was performed in the asymptomatic ear at four sites:
anterior canal wall, posterior canal wall, superior canal wall, and inferior canal wall. The order of stimulation
was randomized. Cough reflex occurrence and pain intensity were recorded using the Numeric Rating Scale
(NRS, 0-10), and differences in mean scores across sites were analyzed using independent

t-tests.

Results: Among 43 patients, 15 (34.9%) exhibited an immediate cough reflex during ear suction. The inferior
wall of the external auditory canal was the most frequent trigger site (7/15 cases, 46.7%), followed by the
posterior (5/15), anterior (2/15), and superior walls (1/15). The highest mean cough score (8.0 + 1.2) was observed
following inferior wall stimulation, whereas posterior wall stimulation resulted in the highest mean pain score
(2.0 + 0.8). Differences in both cough and pain scores across stimulation sites were statistically significant
(p < 0.01 and p = 0.02, respectively), based on independent t-tests.

Conclusion: The inferior wall of the external auditory canal appears to be the most frequent anatomical site
triggering an immediate cough reflex during ear suction, possibly due to vagal innervation via Arnold’s nerve.
Awareness of this sensitivity and minimizing stimulation at this site may help improve patient comfort and

enhance procedural safety.

Keywords: auricular cough reflex, arnold’s nerve, external auditory canal
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Introduction

Coughing during aural procedures has drawn
clinical attention due to its potential to disrupt
interventions and compromise patient safety. This
reflex arises when sensory nerves within the external
auditory canal are stimulated, activating a vagally
mediated cough pathway.! Strategies to minimize this
response include topical anesthetics to reduce neural
excitability and patient head positioning to lessen
mechanical stimulation.”

Ear suction is a common otologic procedure for
both diagnostic and therapeutic purposes. However,
some patients experience involuntary coughing or
discomfort, likely resulting from stimulation of
sensory nerves within the external auditory canal.*
The canal receives complex sensory innervation: the
auriculotemporal nerve (from the trigeminal nerve)
supplies the anterior and superior walls, while the
auricular branch of the vagus nerve innervates the
posterior and inferior walls. The posterior auricular
branch of the facial nerve supplies the meatal
opening and concha base, the tympanic branch of
the glossopharyngeal nerve connects with the vagal
auricular branch to the deep posteroinferior canal,
and the great auricular nerve (C2-C3) supplies the
canal entrance and lower auricular area.* Anatomical
variations in these nerve distributions may explain
differences in neural sensitivity and reflex activation
among individuals.

Previous studies have suggested that gentle
manipulation and avoidance of nerve-dense areas
can reduce unwanted reflexes and discomfort without
the need for topical anesthesia.*” The complex
interplay among trigeminal, vagal, facial, glossopharyngeal,
and cervical nerves underlies reflexive responses such
as cough or pain during otologic procedures.’®
Additional measures such as local anesthesia and
optimal head positioning have shown benefits in
decreasing reflex activation and patient discomfort.”*”
Furthermore, coughing during these procedures is
associated with increased anxiety and lower patient

satisfaction.'®*?

Given these findings, this study aims to identify
anatomical regions within the external auditory canal
most sensitive to stimulation during ear suction and
to assess associated pain levels. A better understanding
of these relationships may help clinicians avoid
high-sensitivity areas, minimize reflex activation, and

enhance procedural safety and patient comfort.

Methods

This descriptive cross-sectional study was
conducted among patients undergoing ear suction at
the Department of Otolaryngology, Vachira Phuket
Hospital, between June 1 and July 7, 2025. The objective
was to identify anatomical sites within the external
auditory canal associated with immediate induction
of the cough reflex and the corresponding pain level.
Suctioning was performed in the asymptomatic ear
at four sites anterior, posterior, superior, and inferior
canal walls with randomized order to minimize bias.

All procedures were performed by a single
otolaryngology specialist using a standardized
technique to control manual variability. The vacuum
pressure was preset at 100 mmHg and verified using
an inline gauge before each participant.'®** Each
stimulation consisted of one five-second suction pass,
after which the probe was withdrawn immediately.
A 30-second washout period was observed between
sites to allow symptoms to subside.

The order of site stimulation was determined
by manual random draw, performed by an independent
person not involved in data assessment to prevent
order bias. Four folded papers labeled with canal wall
names were placed in an opaque container and drawn
sequentially for each participant.”” The selected order
was recorded on a dedicated case-record form.
Suction was applied to the bony portion of the canal,
approximately 3-5 mm lateral to the tympanic
annulus, while avoiding positions closer than 3 mm
to prevent tympanic-membrane stimulation or
trauma.?? The patient’s head was kept in a neutral
position with slight pinna traction to ensure full

visualization.
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The primary outcome was the presence of an
immediate cough reflex after site stimulation, recorded
per site as binary (present/absent). Multiple coughs
at one site were counted once, while responses at
different sites were recorded independently.
The secondary outcome was pain intensity, rated
immediately after each suction using the Numeric
Rating Scale (NRS, 0-10).""” Both outcomes were
documented in a standardized case form. Descriptive
statistics summarized baseline characteristics, while
pain scores were compared using repeated-measures
analysis and cough responses using Cochran’s Q test
with post-hoc analysis. A p-value < 0.05 was

considered statistically significant.

Result

In this study, 43 patients who underwent ear
suction at the Otolaryngology Department, Vachira
Phuket Hospital had a mean age of 46.5 years. of
these, 16 were male and 27 were female. The most
common indication was otitis media (n = 11,
25.58%), followed by sensorineural hearing loss (SNHL;
n = 10, 23.26%), allergic rhinitis (AR; n = 9, 20.93%),
vertigo (n = 7, 16.28%), ear wax (n = 3, 6.98%) and
Eustachian tube dysfunction (n = 3, 6.98%) (Table 1).

Of the 43 patients, 15 (34.9%) exhibited an
immediate cough reflex. This reflex was most
frequently observed in patients with otitis media
(5/11), followed by AR (4/9), ear wax (2/3), vertigo
(2/7), Eustachian tube dysfunction (1/3), and SNHL
(1/10).

Pain scores (NRS 0-10) also varied across diag-
nostic groups. The highest mean score was seen in
patients with otitis media (6.0), followed by cerumen
impaction (5.5), AR (4.0), and Eustachian tube dysfunction
(3.0). Lower scores were noted in vertigo (2.5) and
SNHL (1.5). These results suggest that discomfort
during aural suction may be influenced by underlying
inflammation or mechanical irritation.

Among the 15 patients with a documented
cough reflex, the inferior canal wall was most
frequently implicated (7/15, 46.67%), followed by the
posterior (5/15, 33.33%), anterior (2/15, 13.33%), and
superior walls (1/15, 6.67%) (Table 2).

Cough intensity (NRS 0-10) also varied
significantly by stimulation site. The highest mean
score occurred with inferior wall stimulation
(8.0 + 1.2), followed by posterior (5.5 + 1.0), anterior
(3.0 £ 0.6), and superior (2.0 + 0.5) sites (p < 0.01).
Pain scores also differed by site. Posterior wall
stimulation yielded the highest mean pain score
(2.0 + 0.8), while the superior wall was least painful
(0.5 + 0.3). Intermediate scores were observed with
inferior (1.0 + 0.5) and anterior (1.5 + 0.7) stimulation

(p = 0.02).
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Table 1 Distribution of patients by diagnosis, cough reflex occurrence and mean pain score (n = 43)

Number of

Cough Reflex Mean Pain Score

Diagnosls Patients (n) % of Total Present (n) (0-10)
Otitis media 11 25.58 5 6.0
Sensorineural hearing loss (SNHL) 10 23.26 1 1.5
Allergic rhinitis 9 20.93 4 4.0
Vertigo 7 16.28 2 25
Ear wax 3 6.98 2 55
Eustachian tube dysfunction 3 6.98 1 3.0

Pain scores were recorded using the Numeric Rating Scale (NRS, 0-10). Cough reflex was defined as an immediate

cough observed during the procedure. Data are based on all patients who underwent ear suction during the

study period.

Table 2 Distribution, intensity, and pain score of cough reflex cases by EAC stimulation site (n = 15)

% of Total

. L Number of Patients Mean Cough Mean Pain Score
EAC Stimulation Site . Cough Reflex
with Cough Reflex Score £ SD + SD
Cases (n=15)

Inferior wall 7 46.67 80x12 1.0+ 0.5
Posterior wall 5 33.33 55+1.0 20+0.8
Anterior wall 2 13.33 3.0+06 1.5+0.7
Superior wall 1 6.67 20+0.5 05+0.3

Cough and pain scores were recorded on a 0-10 Numeric Rating Scale (NRS). Values are presented as

mean + standard deviation (SD). Pain scores reflect patient-reported discomfort associated with suction at each

anatomical site. Differences in cough and pain intensity across sites were statistically significant (p < 0.01 and

p = 0.02, respectively).

Discussion

This study demonstrates that stimulation of
specific regions within the external auditory canal
(EAQ) can elicit a cough reflex in a substantial proportion
of patients undergoing aural suction. Among the 43
patients evaluated, 15 (34.9%) experienced an
immediate cough reflex, the inferior wall was the most
frequently involved, accounting for nearly half
(46.7%) of all reflex cases, followed by the posterior
wall (33.3%).

These results are consistent with the findings
reported in the abstract and results section.
Differences in both cough and pain responses were

statistically significant, confirming the association

between stimulation site and symptom intensity
(p < 0.01 and p = 0.02, respectively).

These findings are consistent with the
anatomical distribution of Arnold’s nerve, a branch
of the vagus nerve that innervates the posterior and
inferior walls of the EAC, and is known to mediate the
so-called Arnold’s reflex."* "> The inferior wall of the
external auditory canal was most frequently
associated with cough reflex and showed the highest
mean cough score (8.0 + 1.2). This observation
supports prior anatomical studies showing that the
auricular branch of the vagus nerve (Armold’s nerve),
which mediates the auriculo-vagal cough reflex,

innervates the posterior-inferior canal wall. In contrast,
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the anterior and superior walls supplied predominantly
by the auriculotemporal branch of the mandibular
nerve (CN V3)were much less likely to elicit a reflex
response and had significantly lower cough scores.”*

Interestingly, although inferior canal stimulation
was most strongly associated with reflex frequency
and intensity, posterior wall stimulation was linked
to higher mean pain scores. This suggests that
nociceptive pathways may be more active or exposed
in the posterior EAC, potentially due to proximity to
bony structures or thinner epithelial coverage.

Pain scores were also significantly higher in
patients with otitis media and impacted cerumen,
further supporting the role of local inflammation or
mechanical irritation in procedural discomfort.
However, these diagnostic categories were recorded
to describe the study population and were not
analyzed as primary outcomes.

From a clinical perspective, awareness of these
anatomical and physiological relationships may help
otolaryngologists anticipate patient responses during
EAC procedures. Adjusting suction techniques or
providing pre-procedural counseling for patients with
known otitis media or hypersensitive cough may
reduce distress and improve procedural tolerance.

This study is limited by its descriptive design
and small sample size, particularly within diagnostic
subgroups. In addition, the assignment of stimulation
site was based on operator documentation rather
than objective imaging or electrophysiological
mapping, which may introduce classification bias.
Future studies employing larger cohorts and mechanistic
approaches may further elucidate the pathways

involved in EAC induced cough and pain.

Conclusion
This study demonstrated that the occurrence
and intensity of cough during ear suction varied
according to the anatomical site within the external
auditory canal. The inferior canal wall most frequently
elicited the cough reflex, whereas the posterior wall

was associated with higher pain intensity. These

findings suggest that awareness of site-specific
sensitivity can help clinicians minimize patient
discomfort and avoid reflex activation during otolosgic

procedures.
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