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oropharynx for the presence or absence of pathological
metastasis were assessed using the chi-squared test, and
P values <0.05 were considered statistically significant.

Results
Patient characteristics

In this study, 61 patients with oropharyngeal carcinoma
and 41 patients with hypopharyngeal carcinoma with nodal
stage N2-3 in whom a CR was achieved at the primary
tumor received ICT followed by CRT/RT (Table 1). Fifty-
six patients showed a CR in the neck on imaging exam-
inations. Non-CR in the neck was observed in 46 cases.
Ten patients who showed a CR in the neck after receiving
CRT underwent ND followed by planned ND. We fol-
lowed the remaining 46 cases of CR in the neck without
ND, while 32 patients with non-CR in the neck underwent
ND as an carly salvage intervention. We followed the 14
other patients with non-CR in the neck who did not want
ND, and we performed salvage surgery, if possible, when

Table 1 Patient characteristics

OPC HPC
(n = 61) (n=41)
Age (years)
Range 30-78 42-74
Median 60 62
Sex
Male 55 (90 %) 39 (95 %)
Female 6 (10 %) 25 %)
Primary tumor stage
T1 4 (7 %) 6 (15 %)
T2 28 (46 %) 17 (41 %)
T3 17 (28 %) 12 (29 %)
T4 12 (20 %) 6 (15 %)
Clinical nodal stage
cN2a 12 (20 %) 6 (15 %)
cN2b 22 (36 %) 20 (49 %)
cN2c 18 (30 %) 13 (32 %)
cN3 9 (15 %) 235 %)
Nodal response
CR 34 (56 %) 22 (54 %)
Observe 30 16
Neck dissection (planned ND) 4 6
PR 27 (44 %) 19 (46 %)
Neck dissection (early salvage ND) 20 12
Observe (reject) 7 7

ND neck dissection, OPC oropharyngeal carcinoma, /PC hypopha-
ryngeal carcinoma, CR complete response, PR partial response

@ Springer

69

recurrence was noted. The follow-up period ranged from
6.9 to 89.6 months. The mean age of the patients was
62.3 years (range 36-78 years).

Prognostic impact of neck dissection
after chemoradiotherapy

Figure 1 shows the regional control rate and Fig. 2 shows
the overall survival rate. Even CR cases included regional
recurrence, and all CR cases in the neck were salvaged
successfully and the 5-year overall survival rate was
92.8 %. In cases of non-CR in the neck, the regional
control rate was significantly better in the group that
underwent ND (P = 0.0358).

During follow-up, 14 of 42 patients who underwent ND
suffered a relapse: five involved locoregional recurrence
(four of five cases were successfully salvaged) and nine
involved recurrence with distant metastasis. The primary
cause of a recurrence following post-CRT ND was distant
metastasis.

Neck dissection and pathological results

A summary of cases in which ND was performed is shown
in Table 2 according to the type of ND. We examined the

100

Neck control (%)
|

0 10 20 30 40 50 60
Months

e (R {ObSErVEd)
----------- CR (neck dissection)

» =« PR (neckdissection)
P=0.036°
=== PR (observec:l)——;—J
b Log-rank test

Fig. 1 Regional control rate. Kaplan-Meier survival curves for the
associations between neck response (with or without ND) and
regional control. In cases of CR of the neck, the 5-year regional
control rate was 87.5 % for the ND group, and 78.2 % for the
observed group, respectively. In cases of non-CR of the neck, the
5-year regional control rate was 85.8 % for the ND group, and 51.1 %
for the observed group, respectively (P = 0.036)
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ND neck dissection, OPC oropharyngeal carcinoma, HPC hypopha-
ryngeal carcinoma

results of pathological metastasis in ND cases. The pres-
ence or absence of pathological metastases as a result of
ND is shown in Table 3. We also compared the hypo-
pharynx and oropharynx for the presence or absence of
pathological metastasis. There were no significant differ-
ences in the ratios of pathological metastasis depending on
the primary site.

We analyzed the impact of the presence or absence of
pathological metastasis on prognosis in cases of ND
(Fig. 3). Patients without pathological CLN metastases had
a significantly better recurrence-free survival than those
with pathological CLN metastasis.
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Distribution of cervical lymph node metastasis

The distribution of CLN metastasis in the oropharyngeal
and hypopharyngeal cases is shown in Figs. 4 and 5,
respectively. The percentage indicates the positive rate of
pathological CLN metastasis in the dissection area (level or
sublevel). The denominator indicates the number of the
(sub)level at which the dissection was performed, and the
numerator indicates the present (sub)level number of
pathological metastases. No recurrence of ipsilateral CLN
was found in these cases. Even when ND was selective, no
cases of recurrence at the preserved ipsilateral neck level
were observed in this study. CLN recurrence occurred in
four cases: three cases involved CLN metastasis on the
contralateral side, and the other case involved metastasis to
the ipsilateral retropharyngeal node.
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Fig. 5 Distribution of lymph node metastasis: hypopharynx

The location of CLN metastasis-positive levels is shown
in Table 4. Histologically proven distribution to level V
metastasis was detected in 12 % of oropharyngeal cascs
and 15 % of hypopharyngeal cases. Hence, performing
selective ND at levels II-IV can contain 88 % of CLN
metastases in oropharyngeal cases and 85 % of CLN
metastases in hypopharyngeal cases.
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Table 4 Location of positive levels

Oropharynx Hypopharynx
Level I 0 0
Level 1 11 (65 %) 6 (30 %)
Level IIT 3 (18 %) 8 (40 %)
Level IV 1 (6 %) 315 %)
Level V 2(12 %) 3(15 %)

SND (level II-1V) 15/17 (88 %) 17/20 (85 %)

SND selective neck dissection

Table 5 shows a list of cases with histologically proven
CLN metastasis at level V. Although few in number, all of
these cases involved distant metastasis.

Complications

Eight patients (19.0 %) experienced postoperative com-
plications from ND: four cases of laryngeal edema, two
cases of lymph fluid leakage, onc case of lingual nerve
paralysis and dysphagia and one case of wound infection.
Three of the four patients with laryngeal edema underwent
tracheostomy. Six of the eight complications were caused
by comprehensive ND (24.0 %). Among patients who
underwent selective neck dissection, two complications
(laryngeal edema and wound infection) were seen (8.6 %).

Discussion

In the treatment of OHSCC, the use of CRT for the purpose
of organ preservation has been increasing, especially in
recent years. Therefore, ND may not be performed as first-
line therapy, but rather as second-line therapy for CRT as
part of combined modality therapy. The current way of
thinking is to determine the need for ND after CRT based
on imaging examinations [16, 17]. In this study, there were
no significant differences in the regional control rates in
cases judged to show a CR on imaging examinations.
However, even when judged to show a CR on imaging
examinations, CLN recurrence was found in a few cases,
and performing salvage was possible in each case. In other
words, even if planned ND was not performed in CR cases,
the same treatment outcomes were obtained by performing
salvage when recurrence or progression was noted. There is
the problem, however, of difficulty in performing late
salvage. In cases without a CR in the neck, performing
early salvage intervention should be considered necessary.

It was also shown in this study that prognoses were poor in
cases of pathological CLN metastasis. Earlier studies [18,
19] have previously shown similar results. We retrospec-
tively examined the distribution of CLN metastasis in
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Table S Summary of the cases with level V metastasis

Primary site  Clinical Pre- Modality Type of Pathology  Recurrence site Disease-free Prognosis
stage operative ND interval (months)
findings
Oropharynx ~ T2N3 1t I+ PET-CT bICND rt V:I;1t Lung 14 NED
(bilateral) (I-V) n:1, v:2 (surgery)
Hypopharynx TIN2b 1t UI(+) PET-CT SND 11:5, 11I:4, Local, RPN, contra-neck, 10 DOD
(1-V) 1v:1, v:1 mediastinal LN, lung
Hypopharynx T2N2b CR CT SND L1, v:1 Axillary LN 6 NED
d11-v) (CTx,
RTx)
Hypopharynx T4aN2b PR (&4} SND II:3, MI:3,  Trachea, mediastinal LN 11 AWD
V)  IV:3, V6

It left, bl bilateral, rf right, CR complete response, PR partial response, CND comprehensive neck dissection, SND selective neck dissection, RPN
retropharyngeal node, LN lymph node, AWD alive with disease, NED no evidence of disease, DOD died of disease

dissected cases to clarify the appropriate surgical extent of
ND. We found that the majority of CLNs can be contained by
performing selective ND assuming levels II-IV as a basis
[20, 21] after CRT. However, even though recommendations
regarding the surgical extent of ND are the same for oro-
pharyngeal and hypopharyngeal cancer, differences were
found in the distribution and extent of metastasis between the
oropharynx and hypopharynx; therefore, they cannot be
discussed equally. Hypopharyngeal cancer often shows
more extensive metastasis than oropharyngeal cancer.
Careful examination is needed; however, performing super-
selective ND [22, 23] might be possible in cases of oropha-
ryngeal cancer. Super-selective ND is a new concept, not yet
generally accepted, and is a more targeted neck dissection
that involves removing the single neck level and its adjacent
level in cases with clinical evidence of persistent nodal dis-
case confined to a single neck level [24]. In this study, the
distribution of persistent nodal disease of oropharyngeal
cases was relatively confined, with almost all of the CLN
metastases located in levels I and III. Therefore, super-
selective ND removing level II and III for oropharyngeal
cases might be effective.

We also found it necessary to take into account not only
the CLN metastasis situation, but also the prognosis, in
determining the indications for post-CRT ND and the
appropriate surgical extent of ND.

When recurrence appears as a distant metastasis over a
short period, the ND procedure itself is often considered to
be ineffective for survival prognosis. Although we were
able to contain the majority of CLN metastases by per-
forming level II-IV selective ND in this study, metastasis
to level V is not insignificant enough to be considered
negligible. However, distant metastases occurred in all
cases with pathological CLN metastasis at level V found
during ND following CRT. This shows that, in dissemi-
nated lesions with metastatic persistence to level V, the
likelihood that distant metastasis has already occurred is
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very high. In other words, the presence of CLN metastasis
at level V after CRT appears to be an indicator of distant
metastasis.

In this study, metastases to level V were found patho-
logically during and/or after post-CRT ND. Residual CLNs
were not actually suspected at level V on imaging exam-
inations performed just before ND. Prior to administering
treatment in these cases, multiple CLN metastases were
detected along the jugular chain: metastasis to the posterior
neck developed in two cases; however, only equivocally
sized LNs were detected at level V on imaging examina-
tions in the other two cases. In one case, comprehensive
ND had been planned beforchand and the presence of
metastasis was proven after performing a histopathological
examination; however, this was at a time when we had not
yet performed selective ND. In the other cases, we exten-
ded the range of ND to level V based on intraoperative
clinical findings. We should assume the existence of con-
comitant distant metastasis and consider subsequent treat-
ment when metastasis is found in level V. In addition, if
metastasis is detected in level V before performing ND,
one must reconsider whether ND is indicated.

Additionally, the postoperative complication rate is
obviously lower in selective ND cases than in compre-
hensive ND cases. Therefore, in this study, we consider the
proper extent of post-CRT ND of OHSCC to include
selective ND of levels II-IV.

This study had limitations, including its retrospective
design and the conditions of CLN metastasis. Since ND is
performed at a relatively carly stage after the administration
of CRT, there is a question as to the viability of persistent
CLN metastasis on specimens [25]. It is unknown whether
these cancers remain merely on the basis of observation. If
the timing of ND is delayed a little, the proportion of
metastases present may change. Imaging examinations were
also performed in this study at earlier times than the current
consensus [26, 27]. The diagnostic accuracy rate of PET-CT
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improves 10 or 12 weeks after the completion of CRT [28,
29]. The usefulness of PET-CT will be improved by
appropriately adjusting its timing. In this study, PET-CT
was performed approximately 6-8 weeks after the comple-
tion of CRT. The rationale for early PET was based on the
former policy of planned ND. Due the retrospective nature of
the present study, we used to determine that the optimal
timing for operative intervention before the occurrence of
extensive fibrosis and scarring was approximately
6-8 weeks after the completion of CRT. This is one of the
methodological limitations of this study. However, PET-CT
has a high negative predictive value even if it is employed
earlier [30]. Therefore, we did not perform ND in the cases
that we could judge to be a CR by PET-CT, but did perform
ND when the results were inconclusive. In cases judged to
show a CR on imaging examinations, pathological CLN
metastasis was found in 30 % of cases (false negative).
When we performed ND in CR cases that conformed to
planned ND, the residual rate of CLN metastasis was similar
to the results of earlier studies of planned ND [31]. With
regard to the pathologically negative CLN in the nodal PR
cases (false positive), the carly timing of imaging examina-
tions influenced the results. In this study, the viable tumor
rate in the nodal PR cases was 56.3 %. Similarly, the pub-
lished literature suggests that the viable tumor rate is about
50 % in residual nodes [32].

It should also be noted that this study did not investigate
the status of human papilloma virus (HPV). Because
responses to CRT are different in HPV-positive cases, it is
necessary to take this issue into account in the future. In
recent cases, we assessed HPV status in oropharyngeal
cases using multiplex PCR with sets of HPV genotype-
specific primers. We also confirmed that HPV-positive
oropharyngeal cancer patients showed good responses to
CRT and that their clinical courses were superior to those
of HPV-negative oropharyngeal patients.

In conclusion, this investigation of ND performed after
CRT revealed not only that the presence of pathological
CLN metastasis affects prognosis, but also that a diffuse
distribution of CLN metastasis including level V after CRT
worsens prognosis. Based on the results of this study, we
showed that the proper extent of post-CRT ND of OHSCC
is selective ND including levels II-IV. Because the pres-
ence of CLN metastasis at level V after CRT appears to be
an indicator of distant metastasis, ND is not a realistic
salvage treatment in such situations. New treatment strat-
cgies are nceded in cases of precursors of distant
metastasis.
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Abstract In this retrospective cohort study, we evaluated
the oncological and functional outcomes of transoral vid-
eolaryngoscopic surgery (TOVS). Using distending laryn-
goscope and videolaryngoscope, wide operative field and
working space could be obtained and tumor could be
resected in en bloc. Sixty patients with T1, T2, and selected
T3 laryngeal or pharyngeal squamous cell carcinomas
(Stage I: n = 17, Stage II: n = 16, Stage III: n = 7, Stage
IV: n = 20 cases) were enrolled and followed up for at
least 24 months or until the patient’s death. Fifty-three
patients underwent initial treatment, and seven patients had
recurrent cancer after chemoradiation. In principle, node-
positive patients underwent a simultaneous neck dissection.
Patients with multiple nodal metastases or a positive sur-
gical margin received postoperative radiotherapy. For ini-
tial treatment, the S-year overall survival and disease-
specific survival rates were 77 and 95 %, respectively. For
supraglottic and hypopharyngeal cancers, the 5-year lar-
yngeal preservation rates were 89 and 96 %, respectively.
For salvage surgery, the overall survival, disease-specific
survival, and laryngeal preservation rates were 75, 75, and
80 %, respectively. The median times before patients could
resume eating and swallowing a soft diet were 6 and
9 days, respectively. The patients’ Functional Outcome
Swallowing Scale stages were 0-2 in 93.3 % of the cases
and 3 or 4 in 6.7 % of the cases. A percutaneous endo-
scopic gastrostomy was indicated for 1 (1.7 %) patient.
Four (6.7 %) patients received transient tracheostomy.
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TOVS is a satisfactory and minimally invasive treatment
option for laryngeal and pharyngeal cancers.

Keywords Hypopharyngeal cancer - Oropharyngeal
cancer - Supraglottic cancer - Transoral surgery -
Videolaryngoscope

Introduction

Most head and neck cancer patients prefer to undergo organ
preservation treatment if it is indicated. Three organ pres-
ervation strategies are used in the laryngeal and pharyngeal
regions: (1) radiation or chemoradiation, (2) open partial
laryngopharyngectomy, and (3) transoral surgery. Chemo-
radiation is the most common organ preservation strategy,
but many patients subsequently suffer from swallowing
dysfunction. In a review article by Hutcheson and Lewin
[1], the feeding tube dependency rate after chemoradiation
was reportedly 3-41 % at 1 year and 3-22 % at 2 years
after treatment. Open partial laryngopharyngectomy
remains the treatment of choice in selected patients. How-
ever, it is becoming less common because it is surgically
invasive, requires reconstructive surgery with tracheos-
tomy, and results in postoperative functional problems.
Since the 1990s, transoral laser microsurgery (TLM) has
been recognized as an organ preservation strategy that
reportedly has good oncological control and good func-
tional results [2-6]. TLM is performed using a microscope;
the tumor is usually bisected or resected in multiple blocks
[7]. Experience in TLM is important to demonstrate that
transoral surgery can show a good oncological outcome
and less morbidity in selected patients with upper aerodi-
gestive tract cancer. However, the disadvantage of TLM is
that the surgical view under the microscope is narrow,
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necessitating frequent repositioning of the laryngoscope.
Moreover, a precise pathological evaluation is difficult if a
tumor is resected in multiple blocks.

Primarily in the USA, transoral robotic surgery (TORS)
is gaining popularity as a new treatment modality for
oropharyngeal, supraglottic, and hypopharyngeal cancer
[8—12]. Surgical robots are widely used in the USA;
however, they are expensive and unavailable in many
hospitals in many countries.

Since 2004, we have been developing a new transoral
surgery system for laryngopharyngeal lesions to address
these problems [13-15]. In this system, a laryngeal or
pharyngeal lesion is exposed using a Weerda distending
laryngoscope or an FK retractor. A surgical assistant
manages a rigid videolaryngoscope to obtain the appro-
priate view. While watching the endoscopic view on a
monitor, the operator manipulates laparoscopic surgical
instruments such as forceps, scissors, and electrocautery
needles. This system allows the surgeon to obtain a wide
surgical field and view. We have named this procedure
transoral videolaryngoscopic surgery (TOVS). The purpose
of this study was to assess survival outcome, organ pres-
ervation rate, postoperative swallowing function, and sur-
gical complications in patients undergoing TOVS.

Methods
Surgical indication

T1, T2, and selected T3 cancers of the supraglottis, orophar-
ynx, or hypopharynx were indications for TOVS. In salvage
surgery after chemoradiotherapy, the indication for TOVS
was restricted to patients with rT1 or r'T2 cancer. Node-posi-
tive patients were also included if the tumor was resectable.

Fig. 1 a Weerda distending
laryngoscope and
videolaryngoscope with high-
definition camera. b FK
retractor with Wollenberg
laryngeal blade. ¢ Endoeye
Flex: the tip of the endoscope is
flexible
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The exclusion criteria were (1) a tumor that invaded the
thyroid cartilage, hyoid bone, or cricoid cartilage or (2) a
tumor that extended to more than one-half of the esophageal
inlet. These were included as exclusion criteria because an en
bloc resection with the thyroid cartilage, hyoid bone, or cri-
coid cartilage is technically difficult and resection of more
than one-half of the esophageal inlet may cause severe pha-
ryngeal stenosis. These patients were offered other treatments
such as chemoradiation, open partial laryngopharyngectomy,
total laryngectomy, or total laryngopharyngectomy.

Surgical procedures

Under general anesthesia with oral endotracheal intubation,
the most appropriate surgical view was obtained using a
Weerda distending laryngoscope (Karl Storz, Tuttlingen,
Germany), an FK retractor (Gyrus ACMI, Southborough,
Massachusetts), or a Crowe Davis retractor (Nagashima
Medical Instruments, Tokyo, Japan). For oropharyngeal
lesions, a Crowe Davis retractor or an FK retractor with a
tongue blade was used. For laryngeal and hypopharyngeal
lesions, an FK retractor with a Wollenberg laryngeal blade ora
Weerda distending laryngoscope was used. A surgical assis-
tant managed a high-definition videolaryngoscope to obtain
the most appropriate view. We used a laryngeal rigid endo-
scope (12067VA; Karl Storz) with an Image 1 HD camera
(Karl Storz) or an Endoeye Flex (Olympus Medical Systems,
Tokyo, Japan), which has a flexible part at its tip (Fig. 1). The
Endocye Flex was used in the narrow band imaging mode to
screen for the intraepithelial spread of cancer [16] and in the
normal white light mode during surgery.

Before incision, 1.5 % iodine solution was sprayed
around the tumor and the area was rinsed with physiological
saline. With this procedure, intraepithelial tumor spread is
clearly visible as an unstained area [13, 14]. Iodine staining
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is especially effective in identifying a tumor’s boundary in
hypopharyngeal cancer and posterior wall oropharyngeal
cancer. The mucosal incision line was set with a 5-10 mm
safety margin from the iodine unstained area. For incision
and dissection, the operator manipulated bimanual laparo-
scopic instruments such as a needle electrode (26167ND;
Karl Storz), hook-type electrode (26870UF; Karl Storz),
forceps (30721MD; Karl Storz), and scissors (30721 MW;
Karl Storz). These instruments had a 3-mm diameter. Suc-
tion cautery (8606E; Karl Storz) or hemoclips (8665 L/R;
Karl Storz) were used for hemostasis. The details of the
surgical procedures are described in previous articles [13—
15]. Figs. 2, 3 and 4 present representative patients.

In patients with cervical lymph node metastasis, a neck
dissection was performed on the same day or within
2 weeks after TOVS. Patients without evidence of metas-
tasis were followed up after the surgery, and a preventive
neck dissection was performed in two patients since the
primary tumor had invaded into the deep tissue. Patients
with multiple nodal metastases, extracapsular spread, or a
positive margin at the primary site were offered postoper-
ative radiation or chemoradiation.

Patients

From September 2004 to December 2010, 60 consecutive
patients with T1, T2, and selected T3 laryngeal and pha-
ryngeal cancer were enrolled in this study. Tumor staging

Fig. 2 TOVS for T2NO
oropharyngeal cancer. a The left
palatine tonsil and left base of
the tongue were resected en
bloc. The parapharyngeal space
was exposed. b, ¢ The facial
artery (arrow) and lingual artery
were identified and clipped.

d Postoperative findings

2 months after TOVS
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indicated Stage I in 17 patients, Stage II in 16 patients,
Stage III in 7 patients, and Stage IV in 20 patients. The
institutional review board approved the retrospective pro-
tocol of this study. The minimum follow-up period was
24 months or until the patient’s death. Fifty-three patients
had newly diagnosed squamous cell carcinoma of the su-
praglottis (9 patients), oropharynx (18 patients), or hypo-
pharynx (26 patients). One patient had multiple cancer
lesions in the laryngopharyngeal region. This patient was
assigned to the oropharyngeal cancer group since the
largest lesion was located in the oropharynx. Of the 53
patients receiving initial cancer treatment, 5 patients had a
history of radiation on the neck for other causes. The other
seven patients had recurrent squamous cell carcinoma of
the supraglottis (3 patients) or hypopharynx (4 patients)
after chemoradiation. Table 1 summarizes the patients’ TN
classification. The mean and median ages of the patients
were 64.5 and 64 years, respectively (range 50-81 years).
Fifty-four patients were male and six were female.

Data analysis

The overall survival rate, diseasec-specific survival rate,
local control rate, locoregional control rate, and laryngeal
preservation rate were evaluated for all TOVS patients.
These rates were calculated using the Kaplan-Meier
method. The censoring events of cach parameter were as
follows: for overall survival, all deaths; for disease-specific
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Fig. 3 TOVS for T3NO
hypopharyngeal cancer. a The
right piriform sinus was
resected en bloc. b, ¢ The
perichondrium of the thyroid
cartilage (arrow) was exposed.
d Stenosis of the right piriform
sinus was present
postoperatively, but the patient
could swallow through the left
piriform sinus without difficulty

Fig. 4 TOVS for T2N2¢
supraglottic cancer. a The
whole epiglottis and pre-
epiglottic fat tissue were
resected en bloc. b, ¢ The hyoid
bone (arrow) was exposed in
the operative field. The patient
underwent bilateral neck
dissection the same day.

d Postoperative findings

2 months after TOVS
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Table 1 Patients’ TN classification

Oropharynx (n = 18)

NO N1 N2 N3
T1 5 2
T2 4 1 1
T3 2 3
Tl
T2
Hypopharynx (n = 30)
NO N1 N2 N3
T1 6 2
T2 7 2 5
T3 3 1
rT1 4
T2
Supraglottis (n = 12)
NO N1 N2 N3
T1 1
T2 3 3 1
T3 1
1Tl 1
T2 1 1

* Includes one patient with multiple lesions (in the supraglottis,
oropharynx, and hypopharynx)

survival rate, TNM-related deaths; for local control rate,
local relapse; for locoregional control rate, local or regional
relapse; and for laryngeal preservation rate, total laryn-
gectomy, laryngopharyngectomy, or functional loss of the
larynx (i.e., dependence on a feeding tube). The data were
analyzed using JMP for Windows version 9.02 (SAS
Institute Inc., Cary, NC, USA).

A patient’s swallowing function after treatment was
evaluated by the number of days from surgery to resuming
oral intake, whether the patient had percutaneous endo-
scopic gastrostomy (PEG) dependence, and the patient’s
Functional Outcome Swallowing Scale (FOSS) stage [17]
[range stage 0 (normal) to stage 5 (non-oral feeding)]. The
patient’s FOSS stage was evaluated at 1 year after surgery or
at the last visit if the follow-up period was less than 1 year.

Results

Surgical results

During the same period, TOVS was attempted but not
performed in four patients because the tumor had infiltrated
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to the deep muscular layer (2 patients) or because of poor
exposure of the tumor (2 patients). These patients under-
went a different treatment option. Thus, TOVS was
accomplished in 94 % of the patients. Mean and median
operation times for TOVS, including frozen section diag-
nosis for the majority of cases, were 112 and 124 min
(range 18-279 min), respectively. Neck dissections were
performed as an initial treatment in 24 (40 %) patients.
Seven patients also received neck dissections for delayed
lymph node metastasis. Therefore, neck dissections were
performed in 31 (51.6 %) patients.

Oncological results

Postoperative radiation and chemoradiation were adminis-
tered to 17 and 7 patients, respectively (the radiation/che-
moradiation rate was 40 %). The reasons for postoperative
radiation or chemoradiation were multiple cervical lymph
node metastases or extracapsular spread (13 patients),
preventive intention for possible occult lymph node
metastasis in T3¢NO tumor (2 patients), positive surgical
margin at the primary site (5 patients), and recurrence (4
patients—3 had delayed lymph node metastasis and 1 had a
recurrence at the primary site).

The median and mean follow-up periods were 48 and
49 months, respectively. For all TOVS patients, the 5-year
overall survival rate was 76 %, the disease-specific sur-
vival rate was 90 %, the local control rate was 91 %, the
locoregional control rate was 76 %, and the laryngeal
preservation rate was 94 % (Fig. 5). The patients were
categorized into an initial treatment group (z = 53) and a
salvage after chemoradiation group (n = 7). For patients
who underwent initial cancer treatment, the S-year overall
survival rate was 77 %, the disease-specific survival rate
was 95 %, the local control rate was 94 %, the locoregional
control rate was 76 %, and the laryngeal preservation rate
was 96 %. Table 2 summarizes these data, which were
analyzed according to the location of the tumor.

For seven patients (4 patients with hypopharyngeal
cancer and 3 patients with supraglottic cancer) who
underwent salvage surgery, the 5-year overall survival rate
was 75 %, the disease-specific survival rate was 75 %, the
local control rate was 71 %, the locoregional control rate
was 71 %, and the laryngeal preservation rate was 80 %.

Functional results

The median time before patients could resume eating was
6 days (range 1-19 days) and that before patients could
resume swallowing a soft diet was 9 days (range
1-89 days). At 1 year after surgery or at the patient’s last
visit, the FOSS stage was stage 0 in 71.6 % of the patients,
stage 1 in 18.3 % of the patients, stage 2 in 3.3 % of the
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Fig. 5 Kaplan-Meier curves
for all patients who underwent

[AIFTOVS patients (n=60)]
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Table 2 Five-year oncological results of initial cases on the basis of
tumor location

[ DSS LC LRC LP

(%) (%) (%) (%) (%)

Oropharynx (n = 18) 81 92 100 83 100

Hypopharynx 78 96 90 77 96
(n = 26)

Supraglottis (n = 9) 78 100 89 55 89

All initial cases 77 95 94 76 96

(n =353)

DSS disease-specific survival rate, LC local control rate, LP laryngeal
preservation rate, LRC locoregional control rate, OS overall survival
rate

patients, stage 3 in 5 % of the patients, and stage 4in 1.7 %
of the patients.

No patient underwent PEG placement. However, one
patient (an 81-year-old man with TINO hypopharyngeal
cancer) died of severe pneumonia 3 months after surgery;
he had a history of radiation for laryngeal cancer and low
pulmonary function because of chronic bronchitis. From a
retrospective point of view, PEG placement was indicated
for this patient. The cause of pneumonia may have been
associated with the surgery and with his predisposing
respiratory status, age, and previous irradiation. The PEG
indication rate in our series was therefore 1.7 % (i.c., 1 of
the 60 paticnts).

Surgical complications
Surgical complications included tooth fracture (1 patient),

postoperative pharyngeal hemorrhage (2 patients), lar-
yngeal edema (1 patient), cervical emphysema (3 patients),
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persistent dysphasia (4 patients), and velopharyngeal
insufficiency that required prosthesis (2 patients). Lar-
yngeal edema occurred after the patient underwent a sec-
ondary bilateral neck dissection, which was performed
2 weeks after TOVS. The edema was thus not directly
associated with the TOVS procedure.

Four (6.7 %) patients underwent a tracheostomy: in two
patients, this was performed as a prophylactic measure; in
one patient, it was performed for postoperative hemor-
rhage; and in one patient, it was carried out because of
difficulty in oral intubation. All tracheostomies were placed
transiently and closed soon after TOVS.

Discussion

As previously described in “Introduction”, we developed
our original surgical setting to facilitate en bloc tumor
rescction under a wide surgical field and wide surgical
view. This surgical technique is applicable to tumors of the
oropharynx, hypopharynx, and supraglottis, thus covering a
substantial area in the head and neck region.

In the medical literature, fractional resection by TLM
has been shown to achieve good oncological outcomes. We
believe, however, that en bloc resection is a more reliable
method for evaluating the completeness of tumor resection.
Furthermore, precise pathological evaluations such as
margin status, immunohistochemical analysis, tamor depth,
tumor thickness, vascular invasion, and perineural invasion
can be obtained from an en bloc specimen. This type of
information is important for assessing a patient’s need for
adjuvant therapy or additional neck dissection in clinically
node-negative patients. In our previous report [18], tumor
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Table 3 Summary of transoral surgery for laryngopharyngeal cancers and the results of the present study (initial cases)

Author Modality Primary n TN classification Stage -ILTI-IV 0S (%) DSS (%) LC (%) LP (%)
Weinstein et al. [19] TORS OP 47 T1-4a, NO-2 0:100 82 (2 years) 90 (2 years) - -
Park et al. [20] TORS oP 39 Ti-4, NO-2 33:67 96 (2 years) - - -
Weinstein et al. [12] TORS OP 153 Ti-4, NO-3 23:77 - - - -
Haughey et al. [21] TLM OP 204 T1-4, NO-3 0:100 86 (3 years) 88 (3 years) 97 (3 years) -
Grant et al. [22] TLM OoP 69 T1-3, NO-2 36:64 86 (5 years) - 94 (5 years) -
Present study TOVS OP 18 T1-3, NO-3 50:50 81 (5 years) 92 (5 years) 100 (5 years) -
Martin et al. {2] TLM HP 172 T1-4, NO-2 15:85 I-IT 68 (5 years) I-11 96 (5 years) pT1 84 (5 years) -
111 64 I 86 pT2 70
v 41 IV 57 pT3 75
pT4 57
Rudert and Hoft [23] TLM HP 29 T1-4, NO-3 31:69 48 (5 years) 58 (5 years) 72 -
Vilaseca et al. [24] TLM HP 28 T1-4, NO-2 21:79 43 (4 years) 59 (4 years) 87 79 (4 years)
Karatzanis et al. [25] TLM HP 119 T1-2, NO-2 39:61 - 73 (5 years) 85 (5 years) -
Steiner et al. [4] TLM HP 129 T1-4, NO-2 26:74 I-11 71 (5 years) - I-11 82 (5 years) -
HI-1V 47 HI-IV 69
Park et al. [10] TORS HP 23 Ti-4, NO-2 26:74 84 (3 years) 89 (3 years)
Present study TOVS HP 26 T1-T3, NO-2 50:50 78 (5 years) 96 (5 years) 90 (5 years) 96 (5 years)
Ambrosch et al. [6] TLM SG 48 T1-2, NO 100:0 76 (5 years) - 92 (S years) 97 (5 years)
Iro et al. {5] TLM SG 141 T1-4, NO-3 49:51 - - 186 (5 years) -
Ir75
m7s
IV 78
Motta et al. [26] TLM SG 124 TI1-3, NO 85:15 T1 91 (5 years) T1 82 (5 years) T1 89 (5 years)
T2 88 T2 63 T2 85
T3 81 T3 77 T3 94
Grant et al. [27] TLM SG 38 T1-4 37:63 85 (2 years) 80 (2 years) 97 (2 years) 97
Mendelsohn et al. [28] TORS SG 18 T1-T3, NO-2 - 89 (2 years) 100 (2 years) 100 (2 years) 100 (2 years)
Present study TOVS SG 9 T1-T3, NO-3 44:56 78 (5 years) 100 (5 years) 89 (5 years) 89 (5 years)

DSS disease-specific survival, HP hypopharynx, LC local control rate, LP laryngeal preservation rate, n number, OP oropharynx, OS overall survival, SG supraglottis, 7LM transoral laser
microsurgery, TORS transoral robotic surgery, TOVS transoral videolaryngoscopic surgery
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depth was a significant parameter for predicting lymph
node metastasis, especially when it exceeded more than
I mm. An en bloc resection is therefore ideal when making
a decision for postoperative therapy.

The wide surgical view obtained by a videolaryngo-
scope is superior to a microscopic view, and the surgical
anatomy is easily recognizable. By moving the video-
laryngoscope back and forth, a surgeon can obtain wide
and close-up views, as desired. New endoscopic technol-
ogy such as narrow band imaging is also applicable. Nar-
row band imaging is a promising technology for detecting
intraepithelial cancer spread [16].

The surgical view obtained during TOVS is comparable
to the view obtained during TORS. In our setting, we do
not have a three-dimensional view; however, this is not
critical for performing the surgery. Another merit of TOVS
is that the surgeon receives tactile sensations directly
through the forceps and electrocautery. Tactile sensation is
very important when assessing tumor infiltration to the
surrounding structures. :

As a new technology, surgical robots are widely dis-
tributed in the USA. However, this technology is expensive
and thus may not be affordable in all countries. In our
surgical setting, we do not need expensive surgical robots.
Disposable equipment used during our surgery simply
involves refilling a needle electrode (approximately USA
$150). Other tools used in TOVS are also reusable. Com-
pared to the cost of robotic surgery, the cost to introduce
TOVS and its running costs are quite low. Therefore, many
hospitals in many countries can apply this system.

The results of survival analysis in this study seem to be
acceptable with a sufficient follow-up period. Regarding ini-
tial treatment cases, the S-year overall survival rate was
slightly depressed, but this resulted from other intercurrent
diseases. The 5-year local control rate was 94 %, but the
locoregional control rate dropped to 76 % because of delayed
lymph node metastases. By performing salvage neck dissec-
tion with or without postoperative radiotherapy, most of these
patients could be managed appropriately. In our case series,
nodal metastasis-related death was observed only in one
patient, who showed delayed development of retropharyngeal
lymph node metastasis. The 5-year laryngeal preservation and
disease-specific survival rates were more than 89 %, which
indicated a good organ preservation rate and tumor control
rate. A comparison of TOVS with other treatment modalities
such as TLM or TORS is difficult since stage distribution
differs throughout the medical literature [2, 4-6, 10, 12, 19~
28] (Table 3). However, the survival and organ preservation
rates in the present study are comparable.

TOVS was performed in seven patients as a salvage
surgery for recurrent tumor after chemoradiation. During
the median follow-up period of 59 months, all patients
except one were alive and without disease. Failure in
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salvage surgery occurred in one patient who had residual
supraglottic cancer after chemoradiation at a different
institution. In this patient, the tumor boundary was not
clearly identified because of inflammation after chemora-~
diation. In some patients, after chemoradiation, it is diffi-
cult to identify the tumor margin. Therefore, a relatively
wide safety margin should be considered for patients with
recurrent cancer compared to patients undergoing initial
treatment for cancer.

Some surgical complications were observed in TOVS.
However, most complications could be managed by con-
servative treatments. Postoperative bleeding and dysphagia
were a serious problem in a few patients. In our case series,
two (3.3 %) patients required reoperation for a postopera-
tive pharyngeal hemorrhage. The rate of postoperative
hemorrhage in the present study is comparable to the rate
of 0-7.1 % indicated in other reports of transoral surgery
[2, 4-6, 10, 12, 19-29]. Hemostasis should nevertheless be
carefully confirmed after surgery.

Patients usually showed rapid recovery of their swal-
lowing function after TOVS. In this study, the median
times before patients could resume eating and swallowing a
soft diet were 6 and 9 days, respectively. We usually
maintained a feeding tube for several days to prevent
pharyngeal perforation to the neck since the pharyngeal
constrictor muscle was exposed or partially resected in
most patients. In three patients, cervical emphysema
occurred but no pharyngeal perforation or leakage was
observed. Most (93.3 %) patients had an FOSS stage of
0-2, but 6.7 % of the patients had a FOSS stage of 3 or 4.
Dysphagia resulted from miscellaneous causes such as a
history of radiation/chemoradiation or additional radiation/
chemoradiation; resection of the arytenoid cartilage, epi-
glottis, or more than two-thirds of the soft palate; age; and
low pulmonary function. No single factor showed a sta-
tistically significant relationship with postoperative dys-
phagia (data not shown). However, patients with multiple
risk factors should be managed carefully. No patient
underwent PEG placement. However, from a retrospective
point of view, one patient with an FOSS stage of 4 had
indications for PEG placement (leading to an incidence rate
of 1.7 % in the present study). The PEG dependency rate
ranges from O to 13 % in other reports of transoral surgery
[2,4, 10, 12, 19, 20, 22, 23, 25, 27, 28]. Though a paticnt’s
postoperative swallowing function is influenced by various
factors in their medical history, our results are comparable
to the results of other transoral surgery techniques.

Conclusion

We performed TOVS for patients with T1, T2, and selected
T3 cancers of the oropharynx, hypopharynx, and
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supraglottis. With a minimum follow-up period of
24 months, the survival and laryngeal preservation rates
were good. The patients rapidly recovered their swallowing
function postoperatively and most patients maintained a
good swallowing function. TOVS could be a minimally
invasive treatment option for patients with laryngeal and
pharyngeal cancer. Patients’ oncological outcomes and
postoperative swallowing function are satisfactory when
using this technique.
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Abstract

facial palsy.

contribute identifying and preserving facial nerve.

stylomastoid foramen.

function.

and better preservation of the facial nerve function.

nerve preservation, Facial nerve reconstruction

Background: Advanced parotid cancers more than 4 cm are firmly fixed around the main trunk of the facial nerve
that can be hardly detected in narrow working space between mastoid process and parotid cancer. Even though
facial nerve was preserved, facial nerve stretching during surgery has significantly serious effect on postoperative

Objective: To evaluate usefulness of removing mastoid process in managing advanced parotid cancers to

Method: The study was performed on 18 advanced parotid cancers which was more than 4 cm and invaded
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Introduction

Advanced parotid cancers more than 4 ¢cm are firmly fixed
around the main trunk of the facial nerve that can be hardly
detected in narrow working space between mastoid process
and parotid gland with cancer. Though facial nerve is pre-
served, facial nerve stretching during surgery has signifi-
cantly serious effect on postoperative facial palsy [1]. Parotid
cancers can spread along the nerve to the temporal bone

* Correspondence: jyokoya@juntendo.acjp
Department of Otolaryngology, Head and Neck Surgery, Juntendo University
School of Medicine, 2-1-1,Hongo, Bunkyo-ku, Tokyo 113-8421, Japan

( BioMed Central

proximally. However, temporal bone surgeries for managing
parotid malignancies are not well reported.

Objective

To evaluate usefulness of removing mastoid process in
managing advanced or recurrent parotid cancers to contrib-
ute identifying, preserving, and reconstructing facial nerve.

Patients and method
The study was performed on 18 advanced parotid cancers
of more than 4 ¢cm and invading around the facial nerve.

© 2014 Yokoyama et al; licensee BioMeg Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public

Domain Dedication waiver (http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this

article, unless otherwise stated
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Table 1 Patients and tumor characteristics

Characteristics  Number Characteristics Number

Gender Pathological type

Male 9 Carcinoma ex pleomorphic 4
adenoma

Female 9 Salivary duct carcinoma 3

Age Epithlial-myoepithlial carcinoma 2

Range 30-84 squamous cell carcinoma 2

Mean 593  Adenocarcinoma 2

Median 65 Acinic cell carcinoma 2
others 3

Previous

treatment

Untreated 13 HB scores

Recurrent S | 4
Il 5

Stage M 2

1l 3 \% 0

IVA 8 % 3

I'VE 7 4

Thirteen cases were fresh cases and 5 were recurrent cases
(Table 1).

Surgical procedure
According to a modified Blair incision, the skin flap is ele-
vated in the superficial parotid fascia layer anteriorly to

Page 2 of 4

expose the mass to be resected. The parotid gland with can-
cer is separated from the cartilaginous external auditory
canal. The sternocleidomastoid muscle is detached from the
mastoid process with electrocautery. When the mastoid
process is removed by large rongeur bone forceps, the main
trunk of the facial nerve can be observed from stylomastoid
foramen (Figure 1). The length of the cancer and mastoid
process was 3 mm. The working space is very narrow. Re-
moving mastoid process extends the working space ex-
tremely. This contributes to leveling the height between the
facial nerve and the surface of the tumor, facilitating the
handling of surgical instruments in the narrow working
space along the facial nerve, and diminishing the tension on
the facial nerve by releasing the facial canal proximally.

When the facial nerve has been already recognized as
total paralysis, dissection is carried out along the main trunk
of the facial nerve to the proximal intra-facial canal and dis-
tal to the cancer so that facial nerve reconstruction can be
achieved after resection of the tumor. We accomplish this
by removing the mastoid process and identifying the facial
nerve in the vertical section of the temporal bone. Frozen
examination of the proximal and distal nerve is checked
prior to nerve reconstruction.

This procedure was evaluated based on the duration of
surgery, working space, and postoperative facial nerve func-
tion using the House-Brackmann (HB) score [2].

Results
Eighteen patients required either mastoidectomy (n: 15)
or extended temporal bone resection (n: 3). In eleven

Figure 1 Recurrent parotid cancer. a). MRL. b). Intraoperative findings ( before removing mastoid process). Working space is significantly narrow

() between mastoid process and the tumor. 1) the tumor, 2) mastoid process. €). After removing mastoid process. Expanding the working
space facilitates identification of the facial nerve and dissection of parotid tumor without retracting the facial nerve (arrow).

A
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1 width
2 height
3 depth

Figure 2 Anatomy of mastoid process. a. Lateral view. b. Inferior view a): mastoid process, b): styloid process, ¢): external ear.

cases, facial nerves were sacrificed. Theses facial nerves
were reconstructed.
Negative margins were achieved in 100% of the patients.
The mean duration for removing of the mastoid
process to identify facial nerves was 4.6 minutes (2 min-

Table 2 Surgical procedure characteristics

13 min). The mean length of the cancer and mas-
toid process was 4.3 mm. The mean size of the re-
moved mastoid process was 2.1 cm in height and
2.3 cm in width, and 1.8 cm in depth (Figure 2).
The extended mean working space was 16.0 cm?,

Characteristics Number Characteristics Number
Tumor size a Removing size of mass cm
Range 4cm—8cm Height
Median 52cm Range 1.9-24

Mean 21
Follow-up time months Width
Range 8-66 Range 2.1-28
Median 349 Mean 23

Depth
Period of removing mastoid tip and identifying facial nerve minutes Range 1.6-22
Range 2-13 Mean 18
Mean 46

Working space cm3
Distance between cancer and mastoid process mm Range 135-19.8
Range 2-9 Mean 16
Mean 43

postoperative HB scores

| 4

Il 4

Ml 3

v 5

\ 2

Vi 0
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and, as a result, the tumors could be resected with-
out retraction (Table 2).

Preoperative each I, II, III, IV, V, and VI of H-B score
was 4, 5,2, 0, 3, 1 and 4, respectively.

Of the 7 patients in which the facial nerve was pre-
served, all 7 patients had almost normal facial function
(HB I, I1).

Discussion

Facial nerve management is a crucial component of parotid
surgery. Every effort should be made to preserve the facial
nerve function [3]. Removal of the mastoid process and
careful dissection around the nerve in the stylomastoid for-
amen permits full exposure of the nerve as it passes through
the facial canal. As a result, of the 7 patients in which the fa-
cial nerve was preserved, all 7 patients had almost normal
facial function (HB I, IT). However, according to our histor-
ical cohort (without mastoid procedure), the overall inci-
dence of facial paralysis (HB >1) was 100% for temporary
and 20% for permanent deficits.

We indicated this mastoidectomy for locally advanced
parotid cancers larger than 4 cm that invaded firmly
around the parotid, recurrent large parotid cancers, and
complete facial paralysis in order to identify facial nerves
without stretching and maintaining surgical margins.

Tumors involving only the mastoid process can be
safely managed with removal of the mastoid process. Be-
cause large rongeur bone forceps are more useful and
safer than electrical burr for head and neck surgeon
lacking otology technique.

When cancers involve the middle ear, removing the
mastoid process and resection the temporal bone along
the facial nerve facilitates resection of the middle ear
cancer. Inadequate surgical margins have been reported
in up to 63% of patients [4]. Positive margins have been
reported poor outcomes [3]. Our study showed 100%
negative margins in the patients.

This procedure enabled safe identification of the facial
nerve, and facilitated reconstruction in facial nerve in
patients with sacrificed facial nerves.

Conclusion

Removing the mastoid process for advanced parotid tu-
mors facilitates identification of the facial nerve and,
therefore, better preservation of the facial nerve function.
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In parapharyngeal space dissection, significant complications such as dysphagia and carotid artery
rupture have been reported. In order to resect tumours safely in narrow parapharyngeal space, we
propose indocyanine green (ICG) florescence image for navigation surgery.

Objective: To evaluate the usefulness of ICG fluorescent image-guided surgery for parapharyngeal space
tumours.

Methods: 0.5 mg/kg of ICG was injected via the cephalic vein. Observation of the fluorescent image was
performed with HEMS (HyperEye Medical System) at 10—30 min after injection. At first, the position of
the tumour was marked over pharyngeal mucosa according to ICG fluorescence imaging with HEMS. We
also confirmed submucosal tumours hidden under fascia using HEMS imaging again and resected them.
Results: All tumours displayed bright fluorescence emissions which clearly contrasted with the normal
structures. Even with the submucosal tumour covered with and obscured by fasciae, we could observe
the tumour clearly under HEMS imaging. Tumours behind the carotid artery and lower cranial nerves
also were displayed bright fluorescence emissions and were clearly detected. As a result, we could
completely remove the tumour safely and noninvasively to preserve pharyngeal functions.

Conclusion: 1CG fluorescence imaging is effective for the detection and resection of the parapharyngeal

space tumours with preserving functions.
© 2013 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

In the dissection of the narrow parapharyngeal space, it is very
difficult to resect tumours without complications such as dysphagia
and carotid artery rupture (Carrau et al., 1990). In order to minimize
surgical complications and preserve organs, endoscopic, or robotic
surgery is often performed when conducting head and neck surgery.
However, it is impossible to physically palpate tumours or to observe
diffusely invaded deep organs during these procedures. In order to
resect tumours safely in these cases, we propose using ICG florescence
for navigation surgery in parapharyngeal space tumour resection.

1.1. Objective

To evaluate the usefulness of ICG fluorescent image-guided
surgery for parapharyngeal space tumours.

* Corresponding author. Department of Otolaryngology-Head and Neck Surgery,
Juntendo University School of Medicine, Hongo 3-1-1, Bunkyo-ku, Tokyo 113-8421,
Japan. Tel.: 481 3 3813 3111; fax: +81 3 5840 7103.

E-mail address: jyokoya@juntendo.ac.jp (J. Yokoyama).

2. Material and methods

Six patients were included within this study. There were 4
pharyngeal cancer cases and 2 other cases. The numbers of primary
cancers and lymph node metastasis were 1 and 5, respectively.
Untreated cases and recurrent cases were 4 and 2, respectively.
Squamous cell carcinoma and others were 4 and 2, respectively
(Table 1). All cases were scored according to NIR Fluorescence Im-
aging Visibility Score (Poellinger et al., 2011) from 0 to 5.

0.5 mg/kg of ICG was injected via the cephalic vein. Observation
of the fluorescent image was conducted with HEMS at 30—60 min
after injection. Initially the position of the tumour was marked on
the pharyngeal mucosa according to ICG fluorescence imaging
guide in hypopharyngeal cancer (Fig. 1a,b). We then incised the
pharyngeal mucosa transorally (Fig. 2a). We confirmed the sub-
mucosal tumour obscured by fascia under HEMS imaging again
(Fig. 2b). When we detected the position of the tumour obscured by
fascia, we could then safely visualize the tumour by removing the
fasciae. Consequently, we could confirm the proximity of the
tumour to the carotid artery and lower cranial nerves, and thus

1010-5182/$ — see front matter © 2013 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights reserved.
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