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Abstract

Background and study aims Narrow band imaging (NBI)
combined with magnifying endoscopy enables us to detect
superficial laryngo-pharyngeal cancers, which are difficult
to detect by standard endoscopy. Endoscopic laryngo-
pharyngeal surgery (ELPS) is a technique developed to
treat such lesions and the purpose of this study is to eval-
uate the usefulness of ELPS for superficial laryngo-pha-
ryngeal cancer.
Patients and methods Seventy five consecutive patients
with 104 fresh superficial laryngo-pharyngeal cancers are
included in this study. Under general anesthesia, a spe-
cially-designed curved laryngoscope was inserted to create
a working space in the pharyngeal lumen. A magnifying
endoscope was inserted transorally to visualize the field
and a head & neck surgeon dissected the lesion using the
combination of the orally-inserted curved grasping forceps
and electrosurgical needle knife in both hands. The safely,
functional outcomes, and oncologic outcomes of ELPS
were evaluated retrospectively.

Results Median operation time per lesion was 35 min.
Post-operative bleeding occurred in 3 cases and temporal
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subcutaneous emphysema occurred in 10 cases. No vocal
fold impairment occurred after surgery. The median fasting
period was 2 days and all patients except one have a normal
diet with no limitations. Local recurrence occurred in 1
case, and the 3-year overall survival rate and the 3-year
disease specific survival rate was 90 % and 100 %,
respectively.

Conclusions ELPS is a hybrid of head and neck surgery
and gastrointestinal endoscopic treatment, and enjoys the
merit of both procedures. ELPS makes it possible to per-
form minimally-invasive surgery, preserving both the
swallowing and phonation functions.

Keywords ESD - ELPS - Narrow band imaging - NBI -
Transoral - Pharyngeal cancer

Laryngo-pharyngeal cancer is often advanced when de-
tected and has a relatively poor prognosis. Surgery for
advanced cases impairs swallowing and/or vocal function,
and chemoradiotherapy sometimes causes serious adverse
effects involving severe swallowing disorders and perma-
nent salivary gland dysfunction. Early detection of the tu-
mor is important because it not only improves survival rate
but also minimizes functional loss of swallowing and
voice. We have previously reported that narrowband
imaging (NBI) combined with magnifying endoscopy is
useful in detecting early superficial laryngo-pharyngeal
cancers, which are difficult to detect by standard endoscopy
[1-3]. For such superficial lesions, we have reported en-
doscopic submucosal dissection (ESD) [4]. In this proce-
dure, the cancerous lesion with safety margin is resected
with minimal invasion using a knife needle inserted
through a flexible gastrointestinal endoscope. Shimizu
et al. [5] and lizuka et al. [6] have also reported the
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usefulness of endoscopic resection for laryngo-pharyngeal
cancer. However, there were limitations to the procedure
including longer surgical time and technical difficulties
because each procedure was performed with one “hand”
through an endoscope. Here we report a technique of
“endoscopic laryngo-pharyngeal surgery (ELPS)” in
which a lesion is resected using two orally inserted
“hands” under the assistance of a flexible gastrointestinal
endoscope.

Patients and methods

During the period from August 2009 to January 2014, 104
consecutive fresh superficial laryngo-pharyngeal cancers in
75 patients were treated with ELPS under general anes-
thesia at Kyoto University Hospital. Written informed
consent for the treatment was obtained from all patients,
and this study was approved by the institutional review
board of the Graduate School of Medicine, Kyoto
University.

Fig. 1 Operation room configuration. A head and neck surgeon
stands at the patient’s head and performs the procedure with orally
inserted instruments while looking at the monitor in front of him. A
gastroenterologist stands beside the patient and handles the flexible
endoscope
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Histological diagnosis of the lesions was made in ac-
cordance with the World Health Organization classification
of tumors (head and neck tumors). Evaluation of the in-
vasion of the tumor was also made according to the general
rules for clinical studies of head and neck cancer by the
Japanese Society for Head and Neck Cancer [7] and the
Japanese classification of esophageal cancer by the Japan
Esophageal Society [8]. If the lesion was diagnosed as
carcinoma in situ or carcinoma with invasion to the
subepithelial layer (not to the muscular layer), ELPS was
indicated as a minimally invasive treatment. All lesions
were detected by NBI with a magnifying endoscope and
histologically confirmed by biopsy specimen as high-grade
dysplasia/carcinoma in situ or squamous cell carcinoma.

The concept of ELPS is the same as that of ESD in that
both perform en bloc resection of a cancer lesion following
submucosal injection, but it differs from ESD in that the
resection procedure is performed by a head and neck sur-
geon with both hands [9]. Under general anesthesia, a

2

Fig. 2 Instrumentation. A Curved laryngoscope, B surgical field
visualized by the flexible gastrointestinal endoscope and the curved
laryngoscope. The whole hypopharynx is clearly visualized including
the post-cricoid region and the apex of the piriform sinus. C Curved
forceps developed by Sato et al. [9]. D Electric needle knife
developed by Sato et al. [9]. E Tip of the electric needle knife. The
length of the needle can be adjusted manually. The point of the needle
is designed to be rounded in shape to avoid damage to the deeper
tissue
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Fig. 3 Surgical procedure.

A Early hypopharyngeal cancer
in the right piriform sinus.

B Resection margin marked by
coagulation after observation by
narrowband imaging and iodine
staining. C A circumferential
incision into the submucosa was
performed around the lesion
following submucosal
hydrodissection with a mixed
solution of glycerol,
epinephrine, and saline. D,

E The tumor was resected using
the electric needle knife and
curved forceps. F Resected
specimen

curved rigid laryngoscope (Nagashima Medical Instru-
ments Company, Ltd, Tokyo, Japan) was inserted to pro-
vide a working space in the pharyngeal lumen, and a
magnifying endoscope (GIF TYPE H260Z, Q240Z, or
Q260J; Olympus Medical Systems, Tokyo, Japan) was
inserted transorally by a gastroenterologist to visualize the
surgical field (Fig. 1). The combination of the curved
laryngoscope (Fig. 2A) and the magnifying endoscope
provides an excellent surgical field of the whole hy-
popharynx including the apex of the piriform sinus, the
post-cricoid region, and the entrance of the esophagus
(Fig. 2B). Tumor resection was performed by a head and

neck surgeon with the assistance of a gastroenterologist.
The extent of the lesion and the exact margins were de-
termined by NBI and iodine staining. Specially designed
curved forceps (Nagashima Medical Instruments Company,
Ltd, Tokyo, Japan) developed by Sato et al. [9] and a
curved electrosurgical needle knife (Olympus Medical
Systems, Tokyo, Japan) (Fig. 3C, D and E) were orally
inserted, and the margin of the lesion was marked using the
needle knife (Olympus Medical Systems, Tokyo, Japan) in
coagulation mode (Fig. 3A, B). A mixed solution of epi-
nephrine (0.02 mg/mL) and saline was injected into the
subepithelial layer beneath the lesion, to lift the lesion
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above the surrounding mucosa and to create a safety space.
The space lifts the lesion to facilitate its removal and
minimizes damage to the deep layers of the laryngo-pha-
ryngeal wall. A circumferential incision into the submu-
cosa was then created around the lesion, and the lesion was
dissected from the pharyngeal wall (Fig. 3C-F). The cut-
ting and dissection procedure was performed using the
combination of the orally inserted curved grasping forceps
in one hand and the orally inserted curved electrosurgical
needle knife in the other hand. After resection, iodine
staining was repeated as necessary to confirm complete
resection and sodium thiosulfate was sprayed to reutilize
the iodine irritation. The laryngo-pharyngeal mucosa was
checked before extubation, and prophylactic tracheostomy
was performed if severe mucosal swelling was observed.
The patient was extubated immediately after surgery if
there was no or mild mucosal swelling. Endoscopic ex-
amination was performed a day after the operation to check
the wound. The fasting period was usually 1-2 days after
surgery. If subcutaneous emphysema developed after sur-
gery, the patient continued fasting for a week and was
administered with antibiotics.

All resected specimens were cut into longitudinal slices
2 mm in width. The slices were embedded in paraffin and
stained with hematoxylin—eosin. All specimens were mi-
croscopically evaluated according to the World Health
Organization classification. Staging was performed ac-
cording to the Union for International Cancer Control tu-
mor-node—metastasis (UICC/TNM) classification (seventh
edition).

The results of continuous number are expressed as me-
dian (range). For the evaluation of operation time, the
operation time in multifocal cases was divided by the
number of lesions resected in that operation and was de-
fined as operation time per lesion. Swallowing function
was evaluated using the FOSS score more than 3 months
following surgery. Hoarseness was evaluated using the
GRBAS scale by a speech pathologist more than 3 months
after surgery, and a score of more than grade 2 was defined
as hoarseness. Cause-specific and overall survival rates
were estimated using the Kaplan—-Meier method.

Table 1 Patient characteristics

Patient characteristics

Number of cases 75

Number of lesions resected 104

Age 68 years (44-85)
Sex Male 72, female 3
History of esopharyngeal cancer 54

History of head and neck cancer 22
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Table 2 Lesion characteristics

Origin Number of lesions Subsite
Oropharynx 28 Anterior wall 4
Posterior wall 14
Superior wall
Lateral wall
Hypopharynx 74 Piriform sinus 59
Post-cricoid 3
Posterior wall 12
Larynx 2 Supraglottic 2
Total 104

Number of lesion(s) Number of operation(s)

Number of lesion(s) resected at the same operation

1 lesion 68
2 lesions 13
3 lesions 2
4 lesions
Total 84
T stage Number of lesions
Tis 72
T1 18
T2 11
T3 3
Total 104

Table 3 Operation data

Surgical method

ELPS 98
ELPS + ESD 5
ELPS + microlaryngoscopic surgery

Median operation time per lesion 35 min

Results

Patient characteristics are shown in Table 1. Patients were
predominantly male (96 %), and the median age was
68 years (range 44-85 years). Of the 75 patients, 54
(72 %) had esophageal cancer synchronously or previous-
ly, and 22 patients (29 %) had multiple head and neck
cancer synchronously or previously.

Lesion characteristics are shown in Table 2. Of the 104
lesions resected, the number of lesions in the oropharynx,
hypopharynx, and larynx was 28 (27 %), 74 (71 %), and 2
(2 %), respectively. In the oropharynx, the number of le-
sions in the anterior wall, posterior wall, superior wall, and
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lateral wall was 4 (14 %), 14 (50 %), 5 (18 %), and 5
(18 %), respectively. In the hypopharynx, the number of
lesions in the piriform sinus, post-cricoid, and posterior
wall was 59 (80 %), 3 (4 %), and 12 (16 %), respectively.
In the larynx, two lesions were in the supraglottic area.
Multifocal superficial cancer was resected in 16 op-
erations. Regarding the TNM classification, 72 lesions
were pathologically diagnosed as Tis, 18 lesions as T1, 11
lesions as T2, and three lesions as T3. No case, except for
one N2a case, had neck lymph node metastasis at the initial
treatment. No case had distant metastasis.

Operation data are shown in Table 3. Tumor resection
was performed by ELPS in 98 lesions, by a combination of
ELPS and ESD in five lesions and by a combination of
ELPS and microlaryngoscopic surgery in one lesion. The
five lesions which needed the combination of ELPS and
ESD included two lesions which had spread to the cervical
esophagus. For the resection of these two lesions, a gas-
troenterologist performed the resection of the esophageal
portion with ESD, and then the operation was handed over
to a head and neck surgeon who resected the hypopha-
ryngeal portion, resulting in en bloc resection of the whole
lesion. Median operation time per lesion was 35 min (range
6-206 min).

Table 4 Postoperative course and functional outcomes

Postoperative course and functional outcomes

Prophylaxic tracheostoma 3
Fasting period 2 days (1-22)

Adverse effect

Postoperative bleeding 3
Temporal emphysema 10
Vocal fold impairment 0

Functional outcome

Postoperative course and functional outcomes are sum-
marized in Table 4. Prophylactic tracheostomy was per-
formed in three cases during operation, and the median
fasting period was 2 days (range 1-22 days). Regarding
adverse effects, postoperative bleeding occurred in three
cases, one of which needed emergency tracheostomy.
Subcutaneous emphysema occurred in ten cases after the
procedure, and all were controlled conservatively. No vo-
cal fold impairment occurred after surgery, and no
hoarseness occurred. All patients except one have a normal
diet with no limitations, and the average FOSS score was
1.0.

During the median follow-up period of 29 months
(range 4-59 months), local recurrence occurred in one
case, which was controlled by repeating the same proce-
dure. Postoperative neck lymph node metastasis developed
in two cases, and both were controlled by neck dissection
followed by radiation therapy. Seven patients died of other
diseases, and the causes of death were esophageal cancer in
four cases, lung cancer in one case, myelodysplastic syn-
dromes in one case, and aspiration pneumonia in one case
because of the preexisting unilateral vocal fold paralysis
and esophageal stenosis due to the surgery and radiation
therapy for the esophageal cancer. The 3-year overall
survival rate was 90 %, and the 3-year disease-specific
survival rate was 100 % (Fig. 4).

Discussion

The present study demonstrates that ELPS for laryngo-
pharyngeal cancer is a feasible treatment option with no
severe adverse events. This technology also provided a
good prognosis.

NBI enables us to detect superficial laryngo-pharyngeal
cancer which has been barely visible by conventional
methods. This has provided a breakthrough in diagnosis,

Hoarseness 0
Average FOSS score 1.0 and we have applied it to this issue to create a strategy for
such early stage cancer because the conventional treatment
Fig. 4 Overall survival (A) and A B
cause-specific survival (B) after i
ELPS for laryngo-pharyngeal 100 w 100
cancer 80- 80-
60 60+
40- 40
20+ 204
0 T T 0 T T
0 20 40 0 20 40

Survival time (months)

Survival time (months)
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strategy, including open surgery and chemoradiotherapy,
seems to be overtreatment [4].

Transoral surgery is becoming popular as a minimally
invasive treatment for laryngo-pharyngeal cancer, since
Steiner et al. reported an excellent local control rate while
preserving swallowing and voice function [10-12]. To
date, several methods have been reported as a minimally
invasive transoral surgical approach, such as transoral laser
microsurgery (TLM), transoral robotic surgery (TORS)
[13-15], transoral videolaryngoscopic surgery (TOVS)
[16], and ESD [4, 5], and the merits and demerits of each
procedure are becoming evident. It has been reported that
TLM for laryngo-pharyngeal cancer results in an excellent
organ preservation rate [11, 12]. However, because of the
limitation of the surgical field, the tumor has to be divided
into piecemeal specimens during resection of a large-size
tumor [17], which may increase the potential for local re-
currence. TORS is an innovative treatment option which is
quickly spreading worldwide. TORS is performed using
the da Vinci surgical system and has several merits, such as
precise movement, a wide and 3D field of view using a 3D
rigid endoscope, and a maximum of four arms (two robotic
arms and two arms operated by an assistant) [13, 14].
However, high cost is a big issue regarding robotic surgery.
In addition, because of the size of the robotic arm, there are
limitations to the exposure and procedure especially in the
hypopharynx. Pharyngeal ESD is a technique performed by
a gastroenterologist under the assistance of an otolaryn-
gologist. A gastroenterologist resects the mucosa contain-
ing the lesion at the subepithelial level using a coagulator
and forceps inserted through a flexible endoscope, and, if
necessary, an otolaryngologist assists the procedure by
retracting the mucosa with orally inserted forceps. ESD is
safe and achieves a good local control rate for early
laryngo-pharyngeal cancer [4, 5]. However, ESD also has
limitations, such as its technical difficulty because of the
one-arm procedure through the endoscope and the
relatively longer surgical time because of the one-handed
operation.

ELPS is a hybrid of head and neck surgery and gas-
trointestinal endoscopic treatment and has several advan-
tages as a specialized technique for superficial laryngo-
pharyngeal cancer. First, the flexible gastrointestinal en-
doscope together with the curved laryngoscope provides
an excellent surgical field. The endoscope has a wide-view
angle with high resolution and in combination with the
curved laryngoscope makes it possible to view the whole
hypopharynx including a post-cricoid lesion and the apex
of the piriform sinus. The endoscope magnifies an object
up to 70 times and enables to detect morphological change
of mucosal structure and microvessels. Second, three
arms, an endoscopic channel and both hands, can be used
for the procedure, which enables quick and precise
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surgery. The main procedure is performed by a head and
neck surgeon who uses both hands to manipulate an orally
inserted curved electrosurgical needle knife and curved
forceps, while a gastroenterologist can assist the surgery
when necessary. Indeed, the operation time (35 min) in
our study was shorter compared to that of ESD (50 min
[5]-65.3 min [18]) for pharyngeal cancer previously re-
ported in the literature. Third, ELPS is a less invasive
surgical method compared to TLM, TOVS, or TORS, as
the subepithelial injection contributes to preservation of
deeper structures, such as the intrinsic laryngeal muscles,
their fascia, recurrent laryngeal nerves, and internal
branches of the superior laryngeal nerve, which are all
important for voice and swallowing. Fourth, the surgery is
cost-effective compared to other methods, especially in
comparison with TORS. Finally, the most important ad-
vantage is that ELPS is a collaborative surgery involving a
head and neck surgeon and a gastroenterologist. ELPS can
therefore cope even with lesions which have spread to the
cervical esophagus by combining this technique with ESD
during surgery, which is impossible for TLM, TOVS, and
TORS.

The limitation of ELPS is the indication. ELPS is not
suitable for laryngeal cancer except for supraglottic lesions
in the anterior side of epiglottis, because of the surgical
field. Intubation tube disturbs surgical filed of laryngeal
lumen, and ELPS for the areas is impossible without tra-
cheostomy. Also, it is unclear if ELPS is effective for in-
vasive cancer which invades pharyngeal constrictor
muscle. Another limitation of this study is that it is a ret-
rospective study. A prospective, randomized controlled
trial should be conducted in the future to compare func-
tional and oncological results with other treatment meth-
ods, such as ESD.

In conclusion, ELPS is a hybrid of head and neck
surgery and gastrointestinal endoscopic treatment and
enjoys the merit of both procedures. ELPS makes it
possible to perform minimally invasive surgery, thus
preserving both the swallowing and phonation functions
as well as the organs. Early detection of superficial
laryngo-pharyngeal cancer with NBI and treatment with
ELPS offers a new treatment strategy for head and neck
cancer.
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