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Abstract 

Background: Conservative surgery has proven advantageous in controlling hypopharyngeal squamous cell car-
cinoma (HSCC) and preserving speech and swallowing function in carefully selected patients, typically with early 
T-stages diseases. A variety of modified surgical procedures or techniques have been proposed.

Methods: In this study, we present a novel surgical approach for hypopharyngeal carcinoma resection utilizing the 
paraglottic space.

Results: The paraglottic space approach can help expose neoplasms under direct vision and save mucosa during 
surgery while sufficiently preserving laryngeal function, thus benefiting postoperative swallowing and reducing 
complications. A large cohort of 426 patients with HSCC underwent surgical treatment at our institution using this 
approach, demonstrating an overall survival (OS) rate of 52.3% and low incidences of postoperative complications.

Conclusions: This surgical approach can be applied in patients with the lesions that do not involve the paraglottic 
space.

Keywords: Hypopharyngeal squamous cell carcinoma, Paraglottic space, Laryngeal preservation, Dysphagia, 
Pharyngocutaneous fistula

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Hypopharyngeal squamous cell carcinoma (HSCC) is 
among the most malignant tumors in the head and neck 
and is generally associated with a poor prognosis, with 
a 5-year survival rate of approximately 30% to 35% [1]. 
The dismal outcome is largely credited to the absence 
of symptoms in the tumor’s early stage, as well as the 
tumor’s tendency for submucosal spread and early cervi-
cal lymph node metastasis [2].

The pyriform sinus is the area most vulnerable to 
HSCC, accounting for 70% of all cases, followed by the 
postcricoid region (15%–20%) and the posterior wall of 

the hypopharynx (10%–15%). The treatment for HSCC 
comprises mainly surgery and postoperative radiotherapy 
[3]. A variety of surgical procedures have been proposed 
for HSCC treatment, including total laryngopharyngec-
tomy and conservation surgery, such as partial laryn-
gopharyngectomy, and transoral laser surgery (TOLS) 
[4]. Conservative surgery has gained considerable atten-
tion from researchers and been extensively modified 
because it has proven effective in controlling this malig-
nancy and preserving speech and swallowing function 
in carefully selected patients, typically those with early 
T-stages disease [5].

Lateral pharyngotomy has been widely used for HSCC 
resection since the 1950s because it can provide easy 
access to the pharyngeal cavity, supraglottic area, and 
oropharynx [6] to achieve adequate excision. However, 
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entry into the hypopharynx via transection of the inferior 
constrictor muscle tends to sacrifice excessive pharyn-
geal mucosa, potentially increasing morbidity with severe 
postoperative complications [7], such as dysphagia and 
pharyngocutaneous fistula.

We have developed a novel approach for HSCC resec-
tion via the paraglottic space, which can help extirpate 
the tumor under direct vision in selected patients and 
avoid extensive excision of healthy mucosa. In this ret-
rospective study, this novel approach was performed on 
a cohort of 426 patients in our institution between Janu-
ary 2005 and December 2015, with positive results for 
laryngeal preservation, complication control, and over-
all survival (OS).The application of this approach is best 
indicated when neoplasms don’t extend to the contralat-
eral aryepiglottic fold, paraglottic space, or posterior 
pharyngeal wall.

Methods
Patients and data
Between January 2005 and December 2015, a total of 426 
patients with HSCC were enrolled and received surgical 
treatment using the novel approach in the Department of 
Otolaryngology, Qilu Hospital of Shandong University, 
Jinan, China.

Patient and clinical data, such as sex, age, and TNM 
stage, were reviewed from medical records. The TNM 
stage was determined by two independent senior sur-
geons based on pathological examination in accordance 
with the American Joint Committee on Cancer Staging 
Manual (2019, 8th Edition). All the enrolled patients must 
have a definitive pathologic diagnosis of HSCC before 
surgery. And none of the included patients received 
chemotherapy or radiotherapy prior to surgery. Patients 
with severe intercurrent cadiocerebrovascular diseases or 
synchronous esophageal carcinoma were excluded from 
this study. Patients were fully informed and signed writ-
ten consent for this research when admitted. This study 
was approved by the Institutional Review Board of Qilu 
Hospital of Shandong University (No.: 2018106).

Description of the surgical procedure
After the induction of general anesthesia following tra-
cheotomy, patients underwent ipsilateral selective neck 
dissection. Additionally, contralateral neck dissection 
was performed in those with suspicious lymph node 
involvement on the opposite side of the neck.

To achieve exposure of the ipsilateral laminae of the 
thyroid cartilage, the ipsilateral thyroid lobe was disso-
ciated, followed by removal of the greater cornu of the 
hyoid bone and resection of the inferior pharyngeal con-
strictor along the posterior border of the thyroid carti-
lage. Next, the thyroid cartilage was longitudinally incised 

and divided into two parts, i.e., the anterior 2/3 and the 
posterior 1/3. The paraglottic space was easily exposed by 
pulling outward the posterior part of the thyroid cartilage 
and excising the inside fat tissue along the lateral surface 
of the thyroarytenoid muscle. It was also important to 
note whether the paraglottic space was invaded. Once the 
paraglottic space was found involved, total laryngectomy 
with partial pharyngectomy was alternatively performed.

For carcinomas located mainly in the lateral wall of the 
pyriform sinus, retracting the thyroid cartilage can keep 
the ipsilateral pyriform sinus detached from the larynx. 
Thus, the selection of an approximate site in the paraglot-
tic space to access the pharyngeal cavity allows tumor 
excision with adequate margins under direct vision. The 
excision usually includes the lateral and partial medial 
walls of the pyriform sinus and the split thyroid carti-
lage. For neoplasms confined only to the medial aspect 
of the pyriform sinus, it is necessary to sufficiently skel-
etonize the lateral surface of the thyroarytenoid until the 
emergence of the arytenoid so that the deep margin of 
the tumor can be completely resected. Subsequently, the 
tumor can be directly visualized and resected through 
either the incision behind the posterior border of the 
thyroid cartilage or through access to the pharyngeal cav-
ity from the free edge of the aryepiglottic fold. The total 
pyriform sinus, paraglottic space, outer mucosa of the 
aryepiglottic fold, and detached thyroid cartilage are all 
involved in the resection.

Primary closure is performed after removal of the 
tumor to reconstruct the pharynx, and the ipsilateral 
uninvolved thyroid lobe is usually sutured to consti-
tute a reinforcement plane. Alternatively, the pectoralis 
major myocutaneous flap can be used to repair oversized 
defects.

Adjuvant radiotherapy
In China, the treatment of HSCC patients with T1, N0 
lesions and no adverse features are generally recom-
mended in accordance with National Comprehen-
sive Cancer Network (NCCN) guidelines, while other 
patients are preferentially recommended for postopera-
tive radiotherapy for 4–6 weeks. In this cohort, patients 
with T1, N0 lesions (n = 13) didn’t receive postoperative 
radiotherapy as advised. Radiotherapy was delivered to 
the remaining patients (n = 380), except for 33 patients 
who refused treatment. PGTVnx and PGTVnd received 
66.00–73.92  Gy in 33 fractions (2.00–2.24  Gy/frac-
tion). PTV1 received 60.06–66.0  Gy in 33 fractions 
(1.82–2.00  Gy/fraction) while PTV2 received 50  Gy in 
28 fractions (1.82  Gy/fraction). No more than 5% of 
PTV volume received more than 110% of the prescribed 
dose. All patients were treated with one fraction daily for 
5 days per week. Organs at risk included the spinal cord, 
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parotid glands, brainstem, temporal lobes, temporoman-
dibular joints, mandible, optimized on the basis of the 
dose-volume constraint criterion in the Radiation Ther-
apy Oncology Group 0225 (RTOG0225) protocol.

Follow‑up
Patient follow-up data were collected when the patients 
periodically attended the clinic or by telephone until 
January 1, 2018. Overall survival (OS) was the key end-
point of interest in this study and was defined as the time 
(indicated in months) from the date of the operation to 
death from any cause or the last follow-up. Individuals 
who were alive at the end of the study or lost to follow-
up were regarded as censored. Patients lost to follow-up 
accounted for 6.6% (28/426).

Statistical analysis
Chi-square or Fisher’s exact tests were used to determine 
differences in clinical characteristics, including T classi-
fication and N classification, between patients with and 
without laryngeal preservation, and the impact of T stage 
on laryngeal function preservation. Survivals (overall 
survival: OS and disease-free survival: DFS) were ana-
lyzed using the Kaplan–Meier method with the log-rank 
test and Cox-regression hazard model. The SPSS soft-
ware 19.0 (SPSS, Inc., Chicago, IL, USA) was used for all 
statistical analyses. P < 0.05 was defined as statistically 
significant.

Results
The preoperative contrast enhanced CT of a representa-
tive individual who was enrolled in this study was shown 
in Fig.  1. Judging from his CT imaging, we observed 
that the tumor was located in the pyriform sinus (indi-
cated as the arrow) without involvement of the ipsilat-
eral paraglottic space or the esophagus. Moreover, the 

preoperative laryngoscopy examination demonstrated 
that the laryngeal cavity of this patient was not invaded, 
either (Fig. 2a–c). Thus, this patient received the surgical 
treatment using the paraglottic approach and critical sur-
gical steps were shown in Fig. 3. Postoperative laryngos-
copy examination revealed that anastomotic stoma of his 
patient healed normally and his laryngeal function was 
well preserved (Fig. 2d–f). And his swallowing function 
recovered well as indicated by the Barium swallow proce-
dure with Ultravist 300 (Fig. 4).

A total of 426 patients with hypopharyngeal carci-
noma were included in this study. There were 384 men 
and 42 women ranging in age from 36 to 80 years (mean, 
61  years). All the patients were examined by preopera-
tive fiber-optic laryngoscopy and diseases was diagnosed 
by pathologic biopsy before the operation. Among the 
cohort, the medial wall of the pyriform sinus was the 
most frequently affected site (205/426), followed by 
the lateral wall of the pyriform sinus (160/426), and 61 
patients had involvement of both the lateral and medial 
walls of the pyriform sinus. The TNM staging based on 
postoperative pathological examination and other clini-
cal characteristics of participants were summarized in 
Tables 1 and 2, respectively. None of the patients had dis-
tant metastasis (M = 0).

Laryngeal preservation was achieved in 346 patients, 
accounting for 81.2%.The postoperative pathologic 
analysis for all patients demonstrated squamous cell 
carcinoma, including 90 patients with well-differenti-
ated tumors, 192 patients with moderately differenti-
ated tumors, and 144 patients with poorly differentiated 
tumors. Cervical lymph node metastasis was identi-
fied in 80.2% of the cohort. No deaths occurred dur-
ing the perioperative period. The effect of T stage on 
laryngeal preservation rate was further explored, and 
our results showed that T stage significantly affected 

Fig. 1 Preoperative contrast enhanced CT of one patient who was treated with the paraglottic approach. The arrow indicates the location of the 
tumor. The paraglottic space was identified not completely invaded and the esophagus was not involved
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laryngeal preservation rate (Table  3). As we expected, 
the patients with advanced T stage apparently had sig-
nificantly impaired laryngeal function preservation, 
indicating that advanced T stage was an independent 
risk factor for disease recurrence (HR, 1.604, 95% CI 
1.029–2.501, p = 0.037) (Additional file 1: Table S1).

The main postoperative complications in the study 
included cervical subcutaneous infection (n = 13), hem-
orrhage in the tracheotomy region (n = 4), and pharyn-
gocutaneous fistula (n = 29) (Table  4). In the follow-up 
period, the OS rate reached 52.3%:175 patients died, 223 
remained alive, and 28 were lost to follow-up. The OS 

Fig. 2 Representative pre- and postoperative laryngoscopic images of the same case. a, b, c The preoperative examination showed the tumor 
was confined to the right pyriform fossa without involving the laryngeal cavity. d The anastomotic stoma of the right pyriform fossa still appeared 
edematous 3 months after the operation. e, f The edema has completely disappeared and the mobile left vocal cord was observed 1 year after the 
operation

Fig. 3 Key steps of the operation. a Exposure of the posterior margin of the thyroid cartilage plate. b Pulling the thyroid cartilage plate outward to 
expose the paraglottic space. c Separating from the paraglottic space and entering the pharyngeal cavity, resecting the tumor under direct vision. d 
Assessing the tumor margin. e The aryepiglottic fold is complete after tumor resection, and the pharyngeal cavity is widened by several stitches in 
the upper and lower mucosa of the posterior pharyngeal wall. f Closing the pharyngeal cavity with the pharyngeal mucosa suture
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rate for the group of patients with laryngeal preserva-
tion was significantly higher than that for the group with-
out laryngeal preservation (54.9% vs. 41.3%, P = 0.034). 
For the patients with laryngeal preservation surgery, the 
5-year OS was 54.4%, and the 3-year OS was 61.7%. The 
5-year and 3-year DFS of those patients were 53.5% and 
56.6%, respectively. Thus, the laryngectomy-free phar-
yngotomy using the paraglottic approach might indicate 
a clinical benefit in survival and locoregional control of 
patients with HSCC. We also analyzed the relationship 
between clinical characteristics and OS and found that 
both clinical stage (P = 0.01) and lymph node metastasis 
(P = 0.004) showed a negative correlation with patient 
prognosis (Fig. 5).

Of the 346 patients with laryngeal preservation, 268 
were extubated within 12  months after the operation. 
The tracheal cannulas of only 4 patients were removed 
approximately 24  months after the operation. Unfortu-
nately, dyspnea occurred in 6 patients within 2 weeks of 
extubation. Patients were advised to begin oral intake 2 
to 3 weeks after surgery. Only 16 patients developed dys-
phagia, among whom locoregional recurrence occurred 
in 12 and granulation tissue hyperplasia occurred in 
4. A total of 45 patients had to maintain a liquid diet or 
coughed when eating. The recovery rate of swallowing 
function was 85.6% (Table 3).

Discussion
HSCC is a highly malignant carcinoma of the head and 
neck region because of its location and potential for 
metastatic spread, among which pyriform sinus carci-
noma represents 70%. The pyriform sinus is anatomically 
adjacent to the larynx and is responsible for swallow-
ing, pronunciation, breathing, and other functions. It is 

Fig. 4 Barium swallow procedure with Ultravist 300; the contrast agent passed through the pharynx smoothly

Table 1 TNM stage classification of the patients

N classification No of patients by T classification Total

pT1 pT2 pT3 pT4

pN0 13 36 22 13 84

pN1 29 65 13 9 116

pN2 6 92 87 32 217

pN3 7 1 1 9

Total 48 200 123 55 426

Table 2 Clinical characteristics of patients

Variable No. of 
patients 
(%)

Sex

 Male 384

 Female 42

Age, years

  < 55 90

 55–65 222

  > 65 114

Smoking history

 Ever 352

 Never 74

Alcohol consumption

  > 50 g/d 363

  < 50 g/d 63

Neck dissection

 Unilateral 238

 Bilateral 188

Pathologic differentiation

 Well-differentiated 90

 Moderately differentiated 192

 Poorly differentiated 144

Cervical metastasis

 Yes 342

 No 84
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well established that partial or even total preservation of 
the larynx has no negative effect on the lifespan of care-
fully selected HSCC patients [8]. It remains an important 
issue to remove HSCC while preserving swallowing and 
laryngeal functions and decreasing the risk of complica-
tions [9]. Here, we presented a new approach for HSCC 
resection via the paraglottic space on the basis of lateral 
pharyngotomy, aiming to provide a wide surgical field 
and achieve precise HSCC excision without damaging 
the larynx, as described in the Methods section.

The paraglottic space is seldom invaded in the context 
of T1-T2 HSCC lesions, making absence of such inva-
sion the best indication for this surgery. Additionally, 
the paraglottic space approach can be applied in patients 
with T3-T4 lesions if the paraglottic space is not involved 
because the immobility of the ipsilateral vocal cord is 
attributed to pressure exerted by the bulk of the neo-
plasm, not tumor extension to the paraglottic space [2]. 
Enhanced computed tomography (CT) is an invaluable 
method for detecting whether the paraglottic space or 
thyroid cartilage is invaded. For neoplasms arising from 
the pyriform sinus or the aryepiglottic fold, the supra-
glottic hemilaryngopharygectomy (SCHLP) is most often 
performed. Several research reported similar results with 

5-year OS rates about 50%. Laccourreye et  al. reported 
that a cohort of patients with selected T2 lesions of pyri-
form sinus carcinoma were treated with the SCHLP, with 
a 5-year disease-specific survival rate of 56% [10]. Like-
wise, in another study, 48 cases with T1 or T2 staging of 
pyriform sinus carcinoma underwent the same surgery 
following induction chemotherapy, and the 5-year OS 
rate was reported 47% by Chevalier D and colleagues 
[11]. In comparison to these studies, the OS rate reached 
52.3% in our study covering all T stages of patients, and 
the 5- or 3-year OS and DFS were satisfactory, indicating 
that this novel approach has a proven benefit in control-
ling this malignancy.

For neoplasms confined to the lateral wall of the pyri-
form sinus, the larynx is seldom involved. Entrance into 
the pharyngeal cavity using the paraglottic approach can 
expose lesions from the ventral perspective, which pro-
vides a wide surgical field. Tumors originating from the 
medial wall of the pyriform sinus tend to invade the lar-
ynx, especially the paraglottic space and aryepiglottic 
fold. The paraglottic approach can be used to completely 
excise the deep margin of the tumor while entering the 
pharynx. The tumor can be kept away from the larynx 
along with the detached thyroid cartilage by retraction, 
also aiding surgeons in complete tumor resection under 
direct vision. Standard lateral pharyngotomy usually 
exposes the lesion from the dorsal view, and the access 
site may not be appropriate for tumor excision, sacrific-
ing too much normal mucosa or being too close to the 
lesion. It is difficult for surgeons to observe the actual 
involvement of the tumor from the dorsal perspective. If 
the paraglottic space is observed to be invaded during the 
operation, it is essential to terminate this approach, and 
standard lateral pharyngotomy can alternatively be used. 
Partial laryngopharyngectomy can also be applied in 
patients in which the larynx is affected. In addition, when 
the defect of the pharynx is too large to be repaired with 
primary sutures, the pectoralis major myocutaneous flap 
is our preferred choice for reconstruction of the pharynx.

Historically, a variety of conservative surgical proce-
dures with different characteristics have been proposed. 
However, nearly all of these procedures involve hemilar-
yngectomy, which can yield significant side effects, such 
as hoarseness and aspiration. For example, Iwai and col-
leagues performed a prospective study involving seven 
patients, in which patients were treated with resection of 
the affected side of the hypopharynx as well as the adja-
cent supraglottic and glottic larynx, even the superior 2/3 
of the cricoid [12]. Later, Hirano et al. [13] and Yoo et al. 
[14] separately proposed partial laryngopharyngectomy 
for pyriform sinus cancer for larynx preservation. Addi-
tionally, Laccourreyeet al reported supracricoid hemi-
laryngopharyngectomy in 34 patients with T2 disease, 

Table 3 The influence of T stage on the rate of laryngeal 
function preservation

T stage Laryngeal function preservation χ2 P value

Yes (No., %) No (No., %)

T1 48 (100%) 0 (0%) 45.68  < 0.001

T2 178 (89.5%) 21 (10.5%)

T3 82 (66.7%) 41 (33.3%)

T4 36 (65.5%) 19 (34.5%)

Table 4 Patient outcomes

FOSS*, functional outcomes wallowing scale [8]

Variable No. of patients (%)

Pharyngocutaneous fistula 29 (6.8)

Postoperative infection 13 (3.1)

Chyle leakage 9 (2.1)

Hemorrhage in the tracheotomy region 4 (0.9)

Granulation hyperplasia of the pharynx 4 (0.9)

Preserved laryngeal function 346 (81.2)

Decannulation 272/346 (78.6)

Restore to oral diet (d)

FOSS* score 16.4

 0–2 365 (85.7)

 3–4 45 (10.6)

 5 16 (3.7)



Page 7 of 8Li et al. BMC Surg          (2021) 21:230  

which was quite helpful for voice preservation [15]. 
Compared with these procedures, the paraglottic space 
approach allows preservation of the cricoid, vocal cord, 
and cricoarytenoid joint, thus achieving more than func-
tional laryngeal preservation, which is greatly favorable 
for postoperative quality of voice and reduction of aspira-
tion problems.

In our study, application of the paraglottic approach 
significantly reduced one of the serious postoperative 
complications, i.e., pharyngocutaneous fistula. In our 
opinion, after adequate excision, the paraglottic approach 
can help save more normal mucosa, as discussed above, 
which ensures a larger space in the new pharyngeal cav-
ity and contributes greatly to lowering the tension in 
the sutures. The lower incidence of pharyngocutaneous 
fistula can also be partly attributed to the thyroid lobe, 
which is used as a reinforcement plane for the new phar-
ynx during the operation. Moreover, our functional out-
come swallowing scale (FOSS) results showed that the 
swallowing function in patients receiving this approach 
was well maintained, which we believe was mainly 
ascribed to the large cavity of the new pharynx.

In conclusion, as a novel technique for the conserva-
tive treatment for HSCC, the paraglottic approach has 
a proven benefit in controlling HSCC and decreasing 

the likelihood of severe postoperative complications. It 
also contributes to the recovery of the swallowing func-
tion after surgery, which is of significance to quality 
of life. Moreover, a much larger cohort was involved in 
our study than in previous studies, making our conclu-
sion more convincing. This approach can be proposed as 
a promising candidate for resection of early T stages of 
HSCC.
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