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Abstract

Obijective: To reveal the factors affecting the incidence of chorda tympani nerve
(CTN) transection during middle ear surgery.

Study Design: Retrospective case review.

Setting: Tertiary referral center.

Patients: We analyzed 232 ears (117 ears with cholesteatoma, 101 ears with chronic
otitis media, and 14 ears with otosclerosis) that underwent tympanoplasty or stapes
surgery during 2017-2020.

Intervention: Eighty-four ears underwent transcanal endoscopic ear surgery (TEES),
103 ears underwent microscopic ear surgery (MES), and 45 ears underwent surgery
using both endoscopy and microscopy (Dual).

Main Outcome Measure: To confirm CTN transection, intraoperative endoscopic/
microscopic video images were evaluated. We used the same video images to deter-
mine the anatomical variation of the CTN course in the middle ear.

Results: In 18 ears (7.8%: 6/84 TEES ears [7.1%], 6/103 MES ears [5.8%), and 6/45
Dual ears [13.3%]), the CTN was cut during middle ear surgery. There was no signifi-
cant difference in CTN transection among groups. In cholesteatoma patients, stapes
involvement resulted in a significantly higher CTN transection incidence. CTN ana-
tomical variants such as the “Attached Short type” and “Ultrashort type” showed a
significantly higher CTN transection incidence.

Conclusion: Although endoscopic surgery did not reduce the incidence of CTN tran-
section during middle ear surgery, pathological involvement of the stapes and CTN
anatomical variants, such as the “Attached Short type” and “Ultrashort type,” may
increase this incidence. Preoperative evaluation of stapes involvement and anatomi-
cal location of the CTN course could help identify patients at greater risk for iatro-
genic CTN transection.

Level of Evidence: 4.
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1 | INTRODUCTION

Tympanoplasty/stapes surgery is an established procedure for removing
middle ear pathology and improving conductive hearing loss.x™3 During
tympanoplasty or stapes surgery, serious complications, such as facial
nerve palsy, cerebrospinal fluid leakage, or damage to the semicircular
canal, can occur. However, the incidence of these complications is low,
approximately 1%, if a trained surgeon performs the surgery.*> On the
other hand, trauma to the chorda tympani nerve (CTN) is reported as
the most frequent complication, occurring in 15%-55% of patients who
undergo middle ear surgery.®8

The CTN, which innervates the anterior part of the tongue and
the salivary glands, runs through the middle ear cavity. Trauma to the
CTN would result in dysgeusia or ageusia, seriously compromising
patients' quality of life. Therefore, reducing the risk of iatrogenic
injury to the CTN is critical for otologic surgeons.’

In particular, CTN injury can be accidental or intentional. Acciden-
tal injury of the CTN includes transection, stretching, ischemia, ther-
mal injury, excessive handling, and desiccation when removing
inflammatory middle ear pathologies, such as cholesteatoma or granu-
lation tissue.r>'! Additionally, the CTN is also sacrificed if deemed
necessary to gain surgical access to the pathology and reduce compli-
cations. Therefore, various factors may affect the incidence of CTN
injury.

In recent years, transcanal endoscopic ear surgery (TEES) has
been popularly applied to different types of middle ear disease.'?
TEES has many advantages, including a wide field of view, higher mag-
nification of delicate anatomical structures, and clear visualization of
anatomical areas located in blind spots when viewed through a
microscope.®"*> Consequently, TEES is thought to be less invasive
than microscopic ear surgery (MES).*®'” Moreover, several studies
have demonstrated the superiority of TEES over MES with TEES
showing a lower incidence of complications.'®? Additionally, some
reports have shown that TEES could reduce the incidence of damage
to the CTN.° Occasionally, the tympanic segment of the CTN is diffi-
cult to identify in microscopic view. In contrast, the CTN is readily vis-
ible during the TEES procedure upon elevation of the tympanomeatal
flap, even in narrow external auditory canals (EACs).2>2* We consider
that it is easier to find the CTN in the middle ear cavity under the
endoscope, due to its wider view angle, than under the microscope.
However, we also consider that TEES would have a similar risk of
damaging the CTN because transcanal manipulation within the middle
ear is frequently performed close to the CTN. Moreover, besides the
surgical approach, various factors could affect the incidence of CTN
transection, such as pathological involvement and anatomical variation
of the CTN course. In particular, progressive middle ear diseases may
force the surgeon to sacrifice the CTN due to difficulty in complete

removal of the pathology when preserving the CTN.

In this study, we retrospectively analyzed the incidence of CTN
transection during middle ear surgery at our institution and investi-
gated the relationship between the CTN transection incidence and
surgical procedures, such as endoscopic, microscopic, or combined
(dual) approaches. We also evaluated the influence of pathological
involvement and anatomical variation of the CTN on the CTN

transection incidence.

2 | PATIENTS AND METHODS

2.1 | Patients
We evaluated 316 ears that underwent middle ear surgery at the
National Defense Medical College Hospital between January 2017
and December 2020 in this retrospective case review. Cases (n = 84)
with cochlear implant, tumor, revision surgery, and otitis media with
ANCA-associated vasculitis were excluded.

The study protocol was approved by the Institutional Review
Board of the National Defense Medical College, Saitama, Japan
(approval #3103). Written informed consent was obtained from all

participants.

2.2 | Surgical intervention

TEES was performed using O- or 45-degree angled rigid endoscopes
with an outer diameter of 2.7 mm (Karl Storz) coupled with a full high-
definition video system (Karl Storz, Tuttlingen, Germany). MES was per-
formed under a microscope (Leica). According to the Massachusetts Eye
and Ear Infirmary EES Classification System,?2 class 3 (endoscope only)
was defined as “TEES,” classes O (microscope only) and 1 (endoscope
used to assess the disease only) were defined as “MES,” whereas class
2 (mixed dissection, microscope and endoscope used for dissection) was
defined as “Dual.” According to the EAONO/JOS criteria, the extent of
cholesteatoma was subclassified into the following regions: protympa-
num (P), tympanic cavity (T), attic or epitympanum (A), and mastoid cav-
ity (M). The existence of stapes involvement in cholesteatoma patients
was also reviewed using intraoperative video images.

Although the term “CTN injury” should include not only anatomi-
cal damages but also decreased neural function measured by thresh-
old elevation in the gustatory test, we defined only CTN
transection cases during surgery as “CTN injury” in this study. This
was done as postoperative gustatory examination was not performed
in our institution. In middle ear surgery, we equally used all the univer-
sal surgical tools, such as suction, WULLSTEIN needle, round knife,
duckbill elevator, bone chisel, scissor, and ear curette, in all surgical
approaches (TEES, MES, or Dual).
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TABLE 1 Classification of the CTN anatomical variations
Type Definition
EAC Orrifice of the posterior canaliculus is lateral to the
tympanic annulus
Detached CTN runs through the middle ear separately from the
bony tympanic annulus
Attached CTN runs adjacent to the bony tympanic annulus, and
long the proximal portion is visible inferior to the IS joint
Attached CTN runs adjacent to the bony tympanic annulus, and
short the proximal portion is visible superior to the IS joint
Ultrashort CTN appears at the notch of Rivinus, and atticotomy is

required to visualize the CTN

Abbreviations: CTN, chorda tympani nerve; EAC, external auditory canal;
IS, incudostapedial.

2.3 | Classification of anatomical CTN variation

The CTN was anatomically classified based on surgical observation
(Table 1) by the three authors (TS, TK, and KM) following a previous
report by Uranaka et al.2° The CTN in the tympanic segment was classi-
fied into five patterns: “EAC type,” “Detached type,” “Attached Long
type,” “Attached Short type,” and “Ultrashort type.” In several cases, it
was impossible to classify the type due to the disturbance caused by
the pathological structure, such as inflammation or thickened tympanic
mucosa. These cases were classified as “Unclassified type.”

2.4 | Statistical analysis

Descriptive analysis was performed using GraphPad Prism (GraphPad
Software Inc.) or JMP 14.2 (SAS Institute). The chi-square test was used
to evaluate the clinical characteristics and possible prognostic factors.
The t-test and non-parametric Mann-Whitney U test were applied to
investigate continuous variables as prognostic factors. The Cochran-
Armitage trend test was used to assess the trends of CTN tran-
section across anatomical variation of the CTN. After univariate analyses,
we included various parameters into a binary logistic regression model
for multivariate analysis. Study data are presented as means * standard

deviation. Values of p < .05 were considered statistically significant.

3 | RESULTS

3.1 | Patient demographics and operative volume
A total of 232 ears from 216 patients were considered eligible for this
study. Table 2 presents the clinical characteristics of all ears. The
mean age of the patients was 50.8 + 24.0 years. In 84 ears (36.2%),
surgery was conducted under TEES, in 103 ears (44.4%), surgery was
conducted under MES, and in 45 ears (19.4%), surgery involved a dual
approach. In terms of pathological classification, 117 ears (50.4%) had
cholesteatoma, 101 ears (43.5%) had chronic otitis media (COM), and
14 ears (6.0%) had osteosclerosis.

TABLE 2 Clinical characteristics of all ears

Variable Value
Ears (n) 232
Age (mean + SD; years) 50.8 + 24.0
Sex (male/female; n) 116/116
Laterality (right/left; n) 104/128
Surgical approach (n, [%])
TEES 84 (36.2%)
MES 103 (44.4%)
Dual 45 (19.4%)
Pathology (n, [%])
Cholesteatoma 117 (50.4%)
CoM 101 (43.5%)
Otosclerosis 14 (6.0%)
Operation time (mean + SD; min) 139 + 51

Abbreviations: COM, chronic otitis media; MES, microscopic ear surgery;
SD, standard deviation; TEES, transcanal endoscopic ear surgery.

3.2 | Incidence of CTN transection and influence
of the surgical approach

To investigate the potential factors related to the incidence of CTN tran-
section, we retrospectively analyzed the clinical features, including the
surgical approach and pathology, between cases with CTN preservation
and those with CTN transection (Table 3). In 18 ears, the CTN was cut
during middle ear surgery (7.8%). There was no significant difference
between the two groups with respect to age, sex, and laterality. Of the
ears with a cut CTN, there were six of 84 ears (7.1%) in the TEES group,
six of 103 ears in the MES group (5.8%), and 6 of 45 ears in the Dual
group (13.3%). Statistical analysis showed no significant difference in the
incidence of CTN transection among groups (p = .28). Although there
was no significant difference in the surgical approaches, the dual
approach showed a tendency for a higher incidence of CTN tran-
section than the TEES and MES approaches. Moreover, the instrument
finally responsible for CTN injury was almost always the suction or eleva-
tor. In two cases in the Dual group, the CTN had been intentionally cut
because it was impossible to remove the cholesteatoma completely from
the CTN. In addition, there was no statistically significant difference
among the two groups in terms of pathology or operation time. The inci-
dence of CTN transection was comparable between cholesteatoma
(7.7%) and COM (8.9%) cases. We performed all stapes surgeries using

the TEES approach, and no incidence of CTN transection occurred.

3.3 | Influence of pathological involvement on the
incidence of CTN transection

We further investigated whether the pathological status of cholesteatoma
in the middle ear could affect the incidence of CTN transection (Table 4).
There were nine cases with CTN transection during cholesteatoma sur-

gery (6.8%). There was no significant difference between the two groups
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TABLE 3 Clinical differences
between ears with CTN preservation and
CTN transection

Variable

Ears (n, [%])

Age (mean + SD; years)
Sex (male/female; n)

Laterality (right/left; n)

Surgical approach (n, [%])

TEES

MES

Dual
Pathology (n, [%])

Cholesteatoma

COM

Otosclerosis

Operation time (mean + SD; min)

Laryngoscope
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CTN preservation CTN transection p
214 (92.2%) 18 (7.8%)
50.3 +23.8 56.3 +26.3 31
105/109 11/7 .33
95/119 9/9 .65
.28
78 (92.9%) 6(7.1%)
97 (94.2%) 6(5.8%)
39 (86.7%) 6(13.3%)
.51
108 (92.3%) 9(7.7%)
92 (91.1%) 9 (8.9%)
14 (100%) 0 (0%)
138 + 52 150 + 44 .35

Abbreviations: COM, chronic otitis media; CTN, chorda tympani nerve; MES, microscopic ear surgery;
SD, standard deviation; TEES, transcanal endoscopic ear surgery.

TABLE 4

Variable CTN preservation
Ears (n, [%]) 108 (92.3%)
Age (mean + SD; years) 479 +23.8
Sex (male/female; n) 56/52
Laterality (right/left; n) 52/56
Operation time (mean + SD; min) 158 + 51
Surgical approach (n, [%])

TEES 44 (95.7%)

MES 38 (97.4%)

Dual 26 (81.2%)
Involving site (n)

P (with/without) 0/0

T (with/without) 60/48

A (with/without) 103/5

M (with/without) 76/32
Stapes involvement (with/without) 54/54

Influence of surgical and pathological involvement on CTN transection in cholesteatoma patients

p value
CTN transection Univariate Multivariate
9(7.7%)
452 +294 75
6/3 .39
4/5 .83
172 £ 39 43
.02* .08
2 (4.3%)
1(2.6%)
6(18.8%)
0/0
6/3 .52
9/0 51
7/2 .64
8/1 .02* .04*

Abbreviations: A, attic; CTN, chorda tympani nerve; M, mastoid; MES, microscopic ear surgery; P, protympanum; SD, standard deviation; T; tympanic

cavity; TEES, transcanal endoscopic ear surgery.
*p < .05.

with respect to age, sex, and laterality. In 133 cholesteatoma ears, the sur-
gical approach showed a significant difference between the two groups
(p = .02). In particular, a significantly higher incidence of CTN tran-
section was observed in the dual approach (18.8%). However, the TEES
and MES approaches showed a comparable incidence of CTN transection,
indicating that endoscopy had neither a beneficial nor a detrimental effect
on CTN transection during middle ear surgery.

In addition, the cholesteatoma group was further analyzed in
terms of the extent of the pathology. All cholesteatoma cases were
determined positive or negative at the four sites (P, T, A, and M).
There were no significant differences in the incidence of CTN injury

among the sites. According to the univariate and multivariate analyses,
there was a statistically significant increase in the incidence of CTN

injury when the cholesteatoma involved the stapes.

3.4 | Influence of anatomical variation of CTN on
the incidence of the CTN transection

To investigate whether the anatomical variation of the CTN course
could affect the incidence of CTN transection, operated ears were
classified into five anatomical variants based on the CTN course:
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FIGURE 1 CTN preservation rates in anatomical variants of CTN.
CTN preservation rates was gradually decreased from the “EAC” to
“Ultrashort” type. CTN, chorda tympani nerve; EAC, external auditory
canal

“EAC type,” “Detached type,” “Attached Long type,” “Attached Short
type,” and “Ultrashort type,” as based on a previous study.?® In all
232 ears, 182 ears were eligible for this analysis because 50 ears were
excluded as they were of the “Unclassified type.” The CTN preserva-
tion rates in the “EAC type,” “Detached type,” “Attached Long type,”
“Attached Short type,” and “Ultrashort type” was 100% (2/2 ears),
95.5% (21/22 ears), 96.3% (105/109 ears), 87.1% (27/31 ears), and
77.8% (14/18 ears), respectively (Figure 1). Consistent with previous
reports,2® the “Attached Long type” was the most common pattern
among the groups. Statistical analysis revealed that there was a trend
for a significant difference in the incidence of CTN transection among
the five groups (p = .01; Cochran-Armitage trend test), which indi-
cated that anatomic variants such as the “Attached Short type” and

“Ultrashort type” were at higher risk of transection injury.

4 | DISCUSSION

In this study, we investigated whether surgical approach, otologic
pathology, and anatomical variation of the CTN could affect the inci-
dence of CTN injury during middle ear surgery. Although endoscopic
surgery did not reduce the incidence of CTN transection, pathological
involvement of the stapes and CTN anatomical variations, such as the
“Attached Short type” and “Ultrashort type,” were significant risk fac-
tor of CTN transection. Our results suggested that preoperative evalu-
ation of stapes involvement and classification of the CTN course
could be important in identifying cases at greater risk for CTN
transection.

4.1 | Surgical approach and middle ear pathology
Some previous reports related to stapes surgery have demonstrated
that CTN injury was lower in TEES compared with MES
approaches.'®23 However, TEES is limited in that it allows use of only
one hand and presents a two-dimensional view, which results in diffi-
culties in depth perception.?* Furthermore, TEES involves surgical
procedures close to the exposed CTN and requires careful CTN
manipulation to avoid CTN injury when removing pathology from the
middle ear. Accordingly, the indication for the surgical approach
should be considered with an understanding of the risk of CTN tran-
section. Nevertheless, few previous reports have specifically focused
on CTN injury. In our institution, all stapes surgery was performed
using TEES, and no CTN transection occurred, indicating that TEES
might be suitable for stapes surgery, due to its wider view-angle
around the stapes and posterior tympanic cavity.

Furthermore, we demonstrated that there was no significant
difference in CTN transection rate between TEES and MES in all
ears, as shown in Table 3 and 4, indicating MES is not necessarily
inferior to TEES in terms of the incidence of CTN transection. How-
ever, the dual approach resulted in a higher CTN transection rate,
although not statistically significant, because the dual approach is
sometimes used in cases of progressive disease, to remove pathol-
ogy around the sinus tympani and facial recess, where blind spots
are present in the microscope view. In such cases, the surgeon has
to manipulate the CTN frequently to remove middle ear pathology,
because the sinus tympani is located immediately deep to the CTN.
Thus, middle ear pathology rather than the surgical approach is a
prognostic factor in the incidence of CTN transection, consistent
with our results (Table 3). In particular, in cases of stapes involve-
ment, a certain degree of manipulation of the CTN is often neces-
sary to create a favorable working area around the stapes and to
remove the pathology. This manipulation would naturally increase
the risk of CTN injury, in terms of stretching, compression, or tran-
section. To our knowledge, no previous study has revealed that mid-
dle ear pathology involving the stapes is associated with a high risk
of CTN injury.

4.2 | Anatomical variation of CTN course

The CTN originates from the mastoid segment of the facial nerve,
immediately before the latter exits the facial canal at the stylomastoid
foramen.2> A previous study has reported anatomical variations of the
CTN course, which were classified into five types: the “EAC type,”
“Detached type,” “Attached Long type,” “Attached Short type,” and
“Ultrashort type”.2° A better understanding of variation in CTN ana-
tomical location may help to avoid some instances of iatrogenic CTN
injury. Consistent with previous reports,2° the “Attached Long type”
was the most common pattern among our patients. We noted a signif-
icant trend for an increase in CTN transection in anatomical types
where the CTN emerged above the posterior canaliculus, such as in
the “Attached Short type” and “Ultrashort type” (Figure 1). One possi-
ble reason for the higher incidence of CTN transection in the
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“Attached Short type” and the “Ultrashort type” could be that shorter
sections of attachment of the CTN to the bony tympanic annulus
result in reduced CTN freedom, which makes the CTN more vulnera-
ble to manipulation. Other reasons are that the CTN in these types is
easily involved inflammatory middle ear pathology, such as cholestea-
toma, because in these types, the CTN emerges above the bony tym-
panic annulus and runs nearby the attic region, where it is prone to
involvement in attic cholesteatoma. Therefore, anatomical variants in
which the CTN courses in a superior position and in the vicinity of the

stapes might increase the risk of CTN transection.

4.3 | Clinical implications and limitations

Our findings have clinical implications for the management of otologic
surgery. Although careful preparation for preservation of CTN is man-
datory regardless of the surgical approach used, stapes involvement in
middle ear pathology and variation in the course of the CTN, such as
the “Attached Short type” and “Ultrashort type”, might be vulnerable
to CTN manipulation because the CTN courses close to the attic in
these types, where it is most susceptible to attic cholesteatoma.
Therefore, preoperative detection of stapes involvement and
“Attached Short type” or “Ultrashort type” CTN variants in preopera-
tive CT examination indicates the need for increased attention to pre-
serve the CTN, regardless of the surgical approach used. It would be
ideal to obtain informed patient acknowledgement of the risk of CTN
injury and to formulate a treatment protocol for reconstruction of the
CTN if needed.

This study had several limitations. First, this was a single-hospital,
retrospective study, and the sample size was relatively small. Further
studies in larger populations are warranted. Additionally, electrogusto-
metry examination would be suitable to investigate CTN injury,
because preservation of the CTN does not necessarily imply no CTN
injury. Other types of CTN injury, such as stretching, ischemic injury,
thermal injury, excessive handling injury, and desiccation, should be

investigated by measuring electrogustometry.

5 | CONCLUSION

Our findings revealed that usage of an endoscope in middle ear sur-
gery did not affect the incidence of CTN transection. Although the
surgical approach did not markedly affect the incidence of CTN tran-
section during middle ear surgery, pathological involvement of the sta-
pes and CTN anatomical variants, such as the “Attached Short type”
and “Ultrashort type,” may increase the risk of CTN transection. Our
results indicated that careful preparation is mandatory for preserva-
tion of the CTN, regardless of the surgical approach, and that preoper-
ative evaluation for stapes involvement and classification of the CTN

course are useful for preventing iatrogenic CTN injuries.
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