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Background and Objectives The objectives of this study were to investigate the aspiration
patterns in patients with T3 and T4 oral and oropharyngeal cancers after free flap reconstruc-
tion following primary tumor resection and determine the effect of tongue base resection on
aspiration patterns in these patients.

Subjects and Method The aspiration pattern was evaluated via fiberoptic endoscopic eval-
uation of swallowing and classified into three groups based on the timing of aspiration in rela-
tion to the swallowing process. More than two types of aspiration patterns observed simulta-
neously in a patient suggested combined aspiration pattern.

Results The major pattern of aspiration in 31 patients with oral cavity cancer was aspiration
after swallowing in the group with base of tongue (BOT) preserved (83.3%, 10/12) and com-
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Introduction

Safe and effective swallowing can be achieved by harmo-
nious and complex movements of structures located in the
head and neck. Although it is difficult to simplify the swal-
lowing process, it can be divided into preparatory, oral, pha-
ryngeal, and esophageal phases, with each phase having its
importance.” Treatment for head and neck cancer (HNC) can
impair the structure and function of components involved in
oral and pharyngeal phases, resulting in dysphagia or aspira-
tion, especially in patients with advanced-stage disease.”” As-
piration in HNC is a frequent and annoying challenge that
causes significant malnutrition and degrades the quality of life
of patients. Therefore, postoperative evaluation and manage-
ment of aspiration are of great importance.™”

Head and neck structures play important roles in each stage
of the swallowing process for an effective swallowing.” Tongue,
the structure where cancer is most prevalent in the oral cavity,
plays an important role in the control of bolus in the oral stage.
It triggers the pharyngeal phase by providing sensory infor-
mation about the bolus.” The pressure generated by the pha-
ryngeal wall and the base of tongue (BOT) followed by laryn-
geal closure plays an important role in the esophageal stage
without aspiration after a successful transition of bolus into
the pharynx.” Since major surgeries for oral and oropharyn-
geal cancers eliminate at least one of the structures associated
with swallowing, the function of bolus control in the oral stage
or the generation of pressure in the pharyngeal stage may be
impaired, especially for those in advanced T stage.*® Simul-
taneous resection of surrounding normal tissues along with
the primary tumor is needed to ensure a sufficient surgical
margin. BOT contributes to both bolus control in the oral cav-
ity and pressure generation in the pharynx. It is frequently re-
sected along with the primary tumor in the oral cavity and oro-
pharynx for achieving an adequate surgical margin in advanced
oral and oropharyngeal cancers.*” Although a large surgical
defect is generally reconstructed by a free flap, impaired physi-
ology of swallowing due to surgery is often not fully restored
in these patients due to bulky flap and immobility.™'” The as-
piration pattern observed in fiberoptic endoscopic evaluation
of swallowing (FEES) differs according to the impaired swal-
lowing mechanism. FEES provides information about the im-
paired swallowing mechanism that needs to be corrected to
ensure successful oral intake postoperatively. ™" Since FEES
is conducted under a laryngoscopic view which is familiar to
head and neck surgeons, it allows surgeons to directly under-
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stand the causes of aspiration and evaluate the effectiveness
of swallowing exercise and maneuver after the surgery.'*"
We postulated that aspiration pattern could be determined
based on the primary site of cancer after tongue and oropha-
ryngeal cancer surgery and that BOT resection could cause
more complex swallowing impairment than a simple estima-
tion based on the inherent function of primary site during
FEES despite a flap reconstruction. Thus, the objectives of this
study were: 1) to investigate aspiration patterns in patients
with T3/T4 oral and oropharyngeal cancers after free flap
reconstruction following primary tumor resection; and 2) to
determine the effect of BOT resection on aspiration patterns

in these patients.

Subjects and Methods

This retrospective study was approved by the Institutional
Review Board of our institution (IRB number: 14-2-21). Con-
secutive patients who underwent curative surgeries for T3-T4
oral and oropharyngeal cancer via free flap reconstruction at
a single referral hospital from September 2010 to December
2013 were reviewed. The type of free flap used for reconstruc-
tion was decided arbitrarily by an experienced reconstructive
surgeon based on the location and the extent of the surgical
defect. Tongue base resection was defined when tongue base
resection of greater than 25%.'” Patients with a history of as-
piration pneumonia, cerebrovascular diseases, irradiation of
head and neck, neuromuscular degenerative diseases, esoph-
ageal disease, or previous head and neck surgery that might
affect swallowing were excluded from this study. Patients with
complaints of poor oral intake or aspiration at the initial pre-
sentation were also excluded.

FEES was conducted during the period between surgical
wound stabilization and adjuvant therapy (radiation or chemo-
radiation). The duration of initial FEES for inclusion was less
than 90 days after surgery in this study. All FEES examina-
tions were performed by a single experienced head and neck
surgeon. All patients were examined in an outpatient setting
while sitting in an upright position. A flexible fiberoptic la-
ryngoscope (ENF-P4; Olympus Optical Co., Tokyo, Japan)
was inserted through the nasal cavity without local anesthe-
sia. Assessments for anatomical changes and dynamic move-
ments of the oropharynx, hypopharynx, and larynx caused by
surgery were similar to those of regular laryngoscopy. A bo-
lus was loaded into the oral cavity from a syringe or a spoon
after the tip of the endoscope was positioned between the
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soft palate and theepiglottis showing the entire BOT, larynx,
and hypopharynx. A 3 cc of semi-solid bolus was the initial
choice for FEES evaluation for all patients. The bolus was in-
creased to 5 cc and 10 cc for tolerant patients. The viscosity
and the volume were adjusted based on the aspiration detected
during FEES. Any premature spillage defined as bolus tran-
sition from the oral cavity to the vallecular or hypopharynx
before swallowing initiation was monitored after bolus load-
ing. In addition, the presence of residual bolus in the oral cavi-
ty after swallowing was assessed by an assistant via oral cavity
inspection. Any inappropriate laryngeal closure was evalu-
ated after initiating the swallowing. Consequent aspiration
into the vocal fold was assessed in the immediate phase after
‘white-out.” If ‘white-out” was inadequate, pharyngeal con-
tractions and posterior movements of BOT were then evalu-
ated after repositioning the endoscope tip. A bolus residue in
the vallecula or pyriform sinuses and its aspiration after swal-
lowing were evaluated. Aspiration was determined when the
material entered the airway, passed below vocal folds, and
ejected into the larynx or out of the airway (penetration-as-
piration scale>6)."” All procedures were recorded as video
files and blindly reviewed by two other experienced otolar-
yngologists.

Aspiration patterns were determined based on the timing
of bolus aspiration as follows: 1) aspiration after swallowing,
delayed aspiration due to bolus residue after swallowing (Fig.
1A); 2) aspiration during swallowing, impaired laryngeal clo-
sure; and 3) aspiration before swallowing, premature spillage
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of bolus before initiation of the pharyngeal phase (Fig. 1B).
If more than two types of aspiration were observed in a pa-
tient, a combined type of aspiration was considered.
Statistical analyses of aspiration patterns depending on the
specific structure were performed using independent t-test,
Pearson’s chi-square test, and Fisher’s exact test using SPSS
software version 21.0 (IBM Corp., Armonk, NY, USA). A p-
value of less than 0.05 indicated statistical significance.

Results

A total of 67 patients who underwent curative surgery along
with free flap reconstruction for T3 or T4 tongue or oropha-
ryngeal cancer according to American Joint Committee on
Cancer 8th edition were included in this study. These eligible
patients 31 (46.3%) cases of tongue cancer (24 males and 7 fe-
males) and 36 (53.7%) cases of oropharyngeal cancer (28 male
and 8 female). The mean age of included patients was 61.6
(SD, 6.2) years. The mean duration between surgery and ini-
tial FEES examination was 25.9 (SD, 7.5) days. There was no
significant difference in mean age (p=0.150), gender distribu-
tion (p=0.972), or mean duration from surgery to FEES (p=
0.321) between the group with tongue and the groups with
oropharyngeal cancer. All included patients underwent simul-
taneous neck dissection along with primary tumor resection
because of their advanced stage of the disease. Types of surgery
according to primary sites and reconstruction are shown in
Table 1. Aspiration was found in 97.0% (65/67) of patients.

Tongue base

N

:
At .

Fig. 1. Aspiration pattern based on fiberoptic evaluation of swallowing. A: Premature spillage (asterisk) into the pharynx before swallowing
caused by failure of bolus control after total glossectomy including the BOT reconstructed with an anterolateral thigh free flap. B: Aspira-
tion after swallowing due to pyriform sinus residue after wide excision including the BOT with an anterolateral thigh free flap reconstruc-

tion in oropharyngeal cancer. BOT, base of tongue.
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The primary site of malignancy was tongue in all 31 patients
with oral cavity cancer, and no patient exhibited normal swal-
lowing on FEES (Table 2). The major aspiration pattern was
the combined type of aspiration (aspiration before swallow-
ing and aspiration after swallowing) (64.5%, 20/31). Other pa-
tients experienced aspiration after swallowing (35.5%, 11/31).
In patients with the combined type of aspiration, premature
leakage of a bolus into the pharynx before pharyngeal phase
initiation was identified. It was aspirated into the trachea be-
fore laryngeal closure (Fig. 1A). Subsequent transition of oral
residue into the pharynx and pharyngeal bolus residue after
swallowing caused aspiration. When patients were catego-
rized into two surgical groups depending on whether or not
BOT was resected, 12 (38.7%) of 31 patients showed BOT pres-
ervation. The majority (83.3%, 10/12) of these 12 patients re-
ported aspiration after swallowing. Most patients who un-

derwent simultaneous BOT resection with tongue cancer
experienced the combined type of aspiration (aspiration be-
fore swallowing and after swallowing) (63.2%, 12/19). There
was a significant difference in aspiration between the two
groups (p<0.001) (Fig. 2A).

In oropharyngeal malignancies, the primary site was ton-
sil in 34 patients and BOT in 2 patients (Table 2). Ipsilateral
oropharyngectomy including tonsil and contralateral tongue
base resection was required for two patients with BOT can-
cer. Normal swallowing was observed in only 5.6% (2/36) of
patients. On FEES, the circumferential contraction of the re-
constructed site was reduced, and the pharyngeal residue was
observed after swallowing was observed, which caused aspi-
ration. The aspiration pattern occurred after swallowing in the
majority of them (94.4%, 34/36). This pattern was also dom-
inant in both BOT preservation (87.5%, 21/24) and resection

Table 1. Demographic characteristics and types of surgery indicated for T3-T4 oral and oropharyngeal cancer

Surgery No. Meanage (SD)  Sex (M:F) Main approach  Reconstruction
Oral cavity 31 62.1 (8.3 24:7
Glossectomy with BOT preservation
Partial glossectomy >1/2 12 62.3(8.1) 10:2 Pull-through RF or ALT
Glossectomy with BOT resection
Partial glossectomy >1/2 with BOT resection 8 63.9 (7.6) 6:2 Pull-through ALT
Subtotal/total glossectomy with BOT resection 11 60.7 (9.4) 8:3 Combined approach RF or ALT
with pull-through
and lingual-release
QOropharynx 36 59.8 (6.8) 28:8
Wide excision of oropharynx except BOT 24 61.0(7.5) 20:4 Trans-pharyngeal or RF or ALT
frans-mandibular
Wide excision of oropharynx including BOT 12 57.3 (4.3 8:4 Trans-pharyngeal or RF or ALT
frans-mandibular
67 60.9 (7.6) 52:15

NO, number of patients; SD, standard deviation; BOT, base of tongue; RF, radial forearm; ALT, anterolateral thigh

Table 2. Aspiration pattern in patients with T3/T4 cancer of oral cavity and oropharynx determined via fiberoptic evaluation of swallowing

Aspiration pattern

Surgery None Aspiration after swallowing (Sl cnspiroﬂon‘
(before and after swallowing)
Oral cavity (fongue) 0 11 20
Glossectomy with BOT preservation
Partial glossectomy >1/2 0 10 2
Glossectomy with BOT resection
Partial glossectomy > 1/2 with BOT resection 0 1 7
Subtotal/total glossectomy with BOT resection 0 1 10
Oropharynx 2 30 4
Wide excision of oropharynx except BOT 2 21 1
Wide excision of oropharynx including BOT 0 9 3
Total ) 56 23

BOT, base of tongue
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Fig. 2. Aspiration patterns after tongue and oropharyngeal cancer surgery. A: The proportion of combined aspiration was significantly
increased by simultaneous resection of BOT along with tongue cancer (p<0.001). B: The proportion of aspiration pattern in BOT preserva-
tion and BOT resection groups differed significantly (p=0.031). BOT, base of tongue.

groups (75.0%, 9/12). Differences in aspiration pattern were
observed between patients with and without BOT preserva-
tion (p=0.031) (Fig. 2B). Combined aspiration pattern was
observed in four patients including one patient with preserved
BOT and three patients with resected BOT. Three of these four
patients underwent resection of unilateral hypoglossal nerve

due to suspected tumor invasion.

Discussion

Normal swallowing can be achieved by successfully com-
pleting main tasks in each phase of the swallowing process.
Impairment to a single stage of the swallowing process can
lead to residue formation as a result of aspiration."” Since
HNC surgery eliminates at least one structures critically in-
volved in the swallowing process, impaired swallowing mech-
anism cannot be fully restored even after the defect is recon-
structed via flap transfer, especially in those with an advanced
T stage.” The rate of aspiration after T3/T4 oral and oropha-
ryngeal cancer in this study was 97.0%. Thus, swallowing
function should be evaluated and managed for these patients.

The impaired mechanism of swallowing caused by HNC
surgery, which affects the aspiration pattern observed by FEES
is somewhat predictable since structures with inherent swal-
lowing functions are eliminated during surgery.*'"” Since a vol-
ume loss of mobile tongue can lead to impaired bolus control
in the oral cavity, any premature spillage of a bolus into the
pharynx before pharyngeal phase initiation or immediate tran-
sition of the residue from the oral cavity into the pharynx af-

ter swallowing can result in aspiration."” Therefore, we pos-
tulate that aspiration before swallowing is a major pattern of
aspiration because tongue is responsible for bolus holding in
the oral cavity. In this study, all patients with T3/T4 tongue
cancer showed aspiration after surgery despite they had free
flap reconstruction. In addition, they predominantly showed
the combined type of aspiration (aspiration before swallowing
and aspiration after swallowing)."'” Since occlusion of the
oropharynx by forceful displacement of BOT is one of the im-
portant mechanisms generating pharyngeal pressure, the force
of bolus propulsion might be attenuated after BOT resection,
resulting in residual bolus and subsequent aspiration after
swallowing even in patients with tongue cancer.”” Interesting-
ly, aspiration after swallowing was predominant in patients
undergoing glossectomy in BOT preserved patients. A previ-
ous study has reported that glossectomy (partial or total) can
degrade bolus control of the oral cavity, the upper esophagyeal
sphincter relaxation, and the airway protection, resulting in
aspiration before, during, and after swallowing.”® Subsequent
transition of oral residue into the pharynx and pharyngeal res-
idue after swallowing observed in this study are important
causes of aspiration after swallowing. The reason for not ob-
serving an isolated aspiration before swallowing is that ex-
tensive resection of tongue which impairs oral bolus control
may be accompanied by other function impairments that might
cause both oral and pharyngeal residue formations. Thus, glos-
sectomy could impair the pharyngeal phase of swallowing
even in patients with preserved BOT. Not only impaired bo-
lus control in the oral cavity but also insufficient pharyngeal
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pressure due to BOT surgery can trigger aspiration after sur-
gery for tongue cancer. Thus, rehabilitation to enhance pha-
ryngeal pressure in addition to rehabilitation for bolus control
in the oral cavity is necessary in patients undergoing major
surgeries for tongue cancer, especially in patients with simul-
taneous BOT resection.

The contraction of pharyngeal wall during the pharyngeal
phase of swallowing is essential to generate sufficient propul-
sion of the bolus into the esophagus.” A wide pharyngeal re-
section can weakens the pharyngeal wall contraction, result-
ing in residual bolus formation after swallowing followed by
aspiration.*”” The proportion of those with aspiration after
oropharyngeal surgery in advanced T stage was found to be
extremely high. Aspiration after swallowing was found to be
the main aspiration pattern in patients who underwent wide
resection of oropharynx despite flap reconstruction in this
study. Interestingly, the aspiration pattern differed when BOT
was resected along with oropharyngeal cancer. The combined
type of aspiration (aspiration after swallowing and aspiration
before swallowing) in patients with BOT resection (3/12) was
more frequent than in patients without BOT resection. Although
BOT plays a great role in pressure generation in the pharyn-
geal phase, the mobility of the tongue is also significantly im-
paired when the extent of BOT resection is large. In addition,
simultaneous scarification of hypoglossal nerve can cause se-
vere degradation of tongue mobility.”” These results suggest
that a weak pharyngeal pressure is the main mechanism of
aspiration after a wide resection of the oropharynx, and that
bolus control can also be significantly impaired when BOT is
resected.

This study has some limitations. Thus, caution is needed
when interpreting the results of this study. First, although we
used the classification widely accepted for determining aspi-
ration pattern observed in FEES, there was a possibility that
aspiration during swallowing might not be clearly detected.
Pharyngeal contraction during swallowing inevitably causes
“white out” when performing laryngoscopy. We had limited
laryngeal observation due to bulky flap because FEES was
conducted within three months after surgery. Thus, based on
the results of this study, it was only possible to conclude that
tongue base resection could cause a combined type of aspira-
tion due to impairments of various swallowing mechanisms.
Second, data were reviewed the data retrospectively. There-
fore, patients who did not complain about dysphagia or were
reluctant to undergo FEES might have been excluded, which
might have resulted in a higher than the actual rates of aspi-
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ration. Third, the number of included patients was too small
to provide a detailed analysis of aspiration pattern according
to surgical procedures. Fourth, we described only aspiration
patterns occurring in the pharynx after various types of tongue
and oropharyngeal cancer surgeries. A further study is need-
ed to establish efficacies of various rehabilitation programs
based on the aspiration pattern described in this study.

In conclusion, the most common pattern observed in ad-
vanced T stage tongue cancer patients after glossectomy was
aspiration after swallowing, not aspiration before swallowing
due to impaired bolus control. Thus, postoperative aspiration
pattern might not only result in inherent function degradation
of the tongue being resected, but also lead to impairment of
other swallowing mechanisms. In addition, resection of BOT
at a degree greater than 25% for those with tongue and oro-
pharyngeal cancer was a significant factor causing the com-
bined type of aspiration. These findings may facilitate the
counseling of patients before surgery and establishing a plan
for post-operative swallowing rehabilitation.
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