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Abstract: This study was conducted to investigate the efficacy of a self-expandable retainer (SER) for
endoscopic visualization of the external auditory canal (EAC). Tympanomeatal flap (TMF) elevation
was performed in six cadaveric heads. Two different types of SER were placed. The procedural
feasibility was assessed by endoscopic images. Technical success rate, procedure time, endoscopy
lens cleaning, and presence of mucosal injuries were analyzed. TMF elevation and SER placement
were successful in all specimens and there were no procedure-related complications. The mean
procedure time with the SERs was significantly shorter than without (p < 0.001). The mean number of
times the endoscopy lens was cleaned during the procedure was significantly lower in the SER group
(p < 0.001). In the SER group, endoscopy insertion into the EAC was easier without tissue contact
with the lens during the TMF elevation compared with the non-SER group. There were no mucosal
injuries. SER placement is effective for endoscopic visualization via the expanded and straightened
EAC. A fully covered type of SER is preferable. The device can be useful for endoscopic ear surgery,
reducing procedure time and reducing the need for endoscopy lens cleaning during the procedure.
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1. Introduction

The past three decades have witnessed a growth in the use of endoscopy and it is used in several
surgical disciplines including otologic surgery [1]. Endoscopic ear surgery (EES) has several advantages
over conventional surgical microscopy. There is a wider field of view, improved resolution with high
magnification, and the ability to “see around corners,” allowing direct visualization of normally hidden
recesses [2]. The external auditory canal (EAC) is typically used as the approach for surgery, obviating
the need to create access pathways or retract soft tissues [3–5].

The EAC is about 2.5 cm in length and comprises a lateral cartilaginous portion and a medial bony
portion [6,7]. There is a natural curvature to the external meatus which plays little role in endoscopy
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since the endoscope is positioned medial to the curvature [8]. However, the cartilaginous and bony
portions need to be aligned to insert the endoscope. The cartilaginous portion of the EAC is often
pushed posteriorly using the shaft of the endoscope. Certain techniques such as the Tarabichi’s stitch
can be used to straighten the EAC and increase the working space for the endoscope [9,10].

Because the space in the EAC and middle ear is limited, a clean surgical field is required to assure
patient safety and benefit from the wide-angle vision offered by the endoscope [11]. The lens of the
endoscope is easily smeared by the hair and earwax in the EAC and blood, however minimal, can
obscure the view. The authors, therefore, devised a self-expandable retainer (SER) which can be placed
in the EAC to aid surgery.

An ideal retainer would provide straight and clean entry to the middle ear without causing
damage to the soft tissues of the EAC and, further, protect the tissues from trauma by the surgical
instruments. The aim of this study was to investigate the efficacy and technical feasibility of SERs for
endoscopic visualization in the EAC of cadaveric heads. SER placement was found to be effective for
endoscopic visualization due to the expansion and straightening of the EAC.

2. Materials and Methods

2.1. Study Design

Twelve EACs of six adult human cadaveric heads were used in this study. None of them had a
history of ear surgery, ear disease, or trauma. A tympanomeatal flap (TMF) was elevated in both ears
of all the cadaveric specimens. One of the two available types of SER was placed in the left ear before
the TMF elevation was performed. The bare type was placed in three cadaveric heads and the fully
covered type of SER was placed in the remaining three. The right-sided ear had just the TMF elevation
procedure without the placement of an SER.

2.2. Self-Expandable Retainers

Two different types of SERs were used (S&G Biotech, Yongin, Korea) (Figure 1): bare and fully
covered types.
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The SER comprises two parts: a straight self-expandable metallic stent (SEMS) part for the EAC
and a flared part for the pinna. The straight SEMS part is knitted from a 0.127-mm nitinol wire into
a tubular configuration. When fully expanded, the straight SEMS is 6 mm in diameter and 12 mm
in length. The flared end, designed to be in direct contact with the pinna for endoscope insertion,
is a round flared mesh made from a 0.127-mm nitinol wire. The end of the flared section is 40 mm in
diameter and 23 mm in length and is spirally connected to the straight SEMS part. The total length of
the SER is 35 mm. A fully covered variant of the SER is coated with silicone (MED-6640, Carpinteria,
CA, USA) using the dipping method. The SERs were placed using forceps.

2.3. Tympanomeatal Flap Elevation and SER Placement

The cadaver head was turned to the side position. Using forceps, a collapsed SER was advanced
through the pinna of the left EAC under endoscopic guidance (VISERA 4K UHD Rhinolaryngoscope;
Olympus, Tokyo, Japan). The proximal end of the SER was located just lateral to the tympanic
membrane. The TMF elevation using a canal knife was performed under endoscopic guidance
with SER in place (left ear) or without SER (right ear). The SERs were immediately removed using
forceps after the TMF elevation. Each specimen was carefully evaluated for any procedure-related
complications using post-procedural endoscopic examination.

2.4. Study Definition and Data Analysis

The efficacy and feasibility of the use of SERs were assessed by the technical success rate, procedure
time, number of times the endoscopy lens was cleaned, and presence of any mucosal injuries after SER
removal, in the cadaveric specimens. Technical success was defined as successful TMF elevation under
endoscopic guidance. The procedure time was measured from the insertion of the endoscope into the
EAC (with or without the SER) to its removal after completion of the TMF elevation. The procedural
feasibility and proximal end location of the SER were analyzed using endoscopic images.

2.5. Statistical Analysis

Data are expressed as the mean ± standard deviation (SD). The differences between the two
groups were analyzed using the paired t test. The mean differences and 95% confidence intervals (CIs)
were constructed, as appropriate. A p value of <0.05 was considered statistically significant. Statistical
analyses were performed using SPSS software, version 23.0 (SPSS, IBM, Chicago, IL, USA).

3. Results

TMF elevation was technically successful in all specimens of the adult human cadaveric heads
and there were no procedure-related complications. The placement of both types of SER in the left
cadaveric ears was technically successful. The proximal ends of the SERs were located 2–3 mm from the
tympanic membrane. The mean (±SD) procedure time for TMF elevation with SERs was significantly
shorter than that for TMF elevation without SERs (175.6 ± 10.3 s vs. 312.2 ± 23.4 s; p < 0.001) (mean
difference, 136.5 s; 95% CI, 111.7–161.3 s). The mean (±SD) number of endoscopy lens cleanings during
the procedure was significantly less in the SER group compared with the non-SER group (0.83 ± 0.75
vs. 5.16 ± 1.17; p < 0.001) (mean difference, 4.33; 95% CI, 3.07–5.59) (Figure 2).
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non-SER and SER groups. Data are mean difference with a 95% confidence interval.

In the SER group, insertion of the endoscope into the EAC was relatively easy without any
resistance or tissue contact by the lens during the TMF elevation compared with the non-SER group
because of the expanded and straightened EAC (Figure 3).
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Figure 3. Endoscopic images showing the view at the pinna. (a) Endoscopic image showing hairs and
irregular external auditory canal (EAC) anatomy. (b) Endoscopic image taken immediately after fully
covered self-expandable retainer placement showing the expanded and straightened EAC.
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However, with the bare type of SER, hairs and foreign bodies in the EAC were visible through the
wire mesh of the straight part of the SEMS, (Figure 4).
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Figure 4. Endoscopic images obtained immediately after tympanomeatal flap (TMF) elevation in the
self-expandable retainer (SER) group. (a) Endoscopic image showing the bare type of SER and hairs
and earwax (arrowheads) in the external auditory canal visible through the wire mesh of the SER.
(b) Endoscopic image showing the fully covered SER. (c) TMF elevation was performed using a canal
knife (arrowheads). (d) A successfully elevated tympanic membrane (arrows).

The mean number of times the endoscopy lens was cleaned during the procedure was less in
the fully covered SERs group (0.3 ± 0.56) compared with the bare SERs group (1.3 ± 0.57) without a
statistical difference (p = 0.101). There were no mucosal injuries after the procedure in any specimen.

4. Discussion

The current study is a cadaveric proof of concept study of SER for better endoscopic visualization
in EES. The newly developed SER has several advantages over the conventional ear speculum. First,
it is safe and easy to place and remove with the use of forceps. After completing the whole procedure,
endoscopic examination revealed no damage to the skin or soft tissue of the EAC.

Second, the use of an SER may allow a significant reduction in the procedure time during various
EES due to less frequent endoscopic lens cleansing to remove hair and earwax. As EES is performed
by a single surgeon, endoscope contamination can compromise the surgeon’s vision and negatively
affect the surgery [12]. In a survey asking otologists who routinely perform EES about the need for
better instrumentation, more than 60% of respondents felt the need for improvements in order to ‘keep
the endoscope lens clean’ [13].

The skin which lines the cartilaginous section of the canal is thicker, more mobile, and contains
sebaceous and ceruminous glands and hair follicles [14] that can contaminate the lens while inserting
the endoscope, requiring the surgeons to intermittently discontinue surgery to remove and clean the
endoscope and reinsert it [15,16]. This can be time-consuming and taxes the surgeon’s patience. Often
the canal hair is trimmed before the start of the surgery to reduce fogging and smearing.
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Endoscope contamination can also be due to bleeding. In traditional microscopic surgery, the
non-dominant hand holds the suction instrument to maintain retraction and removal of blood from
the operative field while the dominant hand holds the instruments [17]. Bleeding in EES is a major
concern for the operating surgeon because the non-dominant hand also must hold the endoscope.
Techniques utilized to achieve hemostasis include diathermy probes (monopolar and bipolar) [11],
diluted epinephrine injection, epinephrine-soaked cotton balls that can also be used as adjuncts for soft
tissue dissection [18], and preoperative injection of tranexamic acid [12] which is an anti-fibrinolytic
used in a variety of surgical procedures [19–21].

Because our study used cadavers, we could not assess the advantage of the SER with regard to
bleeding. The most common site of bleeding is in the posterior and superior portion of the EAC [11],
where the main vascular supply comes from the anterior tympanic and deep auricular branches of
the internal maxillary artery, the superficial temporal artery, and the posterior auricular artery [22].
We hypothesize that the SER might reduce bleeding by protecting the EAC skin from trauma from
sharp surgical instruments and also by pressing against the vascular structures and reducing blood
flow by the outward expanding force of the SER putting pressure on the soft tissues of the EAC. This
idea needs further verification in preclinical and clinical studies.

Thermal injuries can be caused by the light source of endoscopes [23–28], therefore frequent
removal of the endoscope from the field may be beneficial in preventing this [26]. Using an SER will
reduce the frequency of endoscope removal from the surgical field; therefore other cooling methods
should be implemented to ensure safety. These include the use of suction, turning off the light source
at regular intervals, and the use of endoscope sheaths and saline irrigation [26,29].

SER not only allows for a straightened and slightly widened ear canal but also protects the soft
tissue around the ear canal from the surgical instruments used in EES. While endoscopes facilitate a
broader field of view, bone removal may still be necessary for better visualization and easier access.
Osteotomes, curettes, drills, and piezoelectric systems are used for this [13]. When using drills,
surgeons have to take care to protect the EAC soft tissue from possible injury by the drill shaft and an
SER could be helpful with this.

There are some limitations to this study. First, although the variables of interest reached
statistical significance, the sample size was too small to perform a robust statistical analysis. However,
the differences in our findings between the SER and non-SER groups were indisputable. Second, we only
performed endoscopic inspection to evaluate mucosal injuries after SER removal. Histopathological
analysis needs to be used to verify possible mucosal injury. Third, in EES, one side could be easier to
work with than the other, according to the surgeon. This matter of dexterity could also have affected
the outcome as all SERs were inserted on the left ear in this cadaver study.

To our knowledge, we are the first to devise a tool for protection of the endoscope from
contamination and the EAC from surgical trauma to assist in EES. A retainer can be helpful particularly
in cases in which a long procedure time or bleeding is expected. Although additional studies are
required to investigate the safety and optimal size of the SER, the results of our study support the basic
concept of using an SER to enhance the space of the EAC for EES.

5. Conclusions

SER placement appears to be effective for endoscopic visualization by expanding and straightening
the EAC in a human cadaveric head. A fully covered SER is preferable and the device has great
potential for use in EES to reduce procedure time and reduce the frequency of endoscope lens cleaning
during surgery.
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