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Abstract

Objective. Oral intake after aspiration prevention surgery (APS)
is influenced by postoperative pharyngeal pressure and the
dynamics of the upper esophageal sphincter (UES). We exam-
ined the effects of less invasive APS combined with UES
relaxation techniques (laryngeal closure with cricopharyn-
geal myotomy [LC-CPM] and central-part laryngectomy
[CPL]) on pharyngeal pressure and UES dynamics.

Study Design. Retrospective, observational study.

Setting. Single center.

Methods. We assessed the high-resolution pharyngeal mano-
metric parameters of patients who underwent APS from
2018 to 2020. Then, we compared the effects of bilateral
cricopharyngeal myotomy (combined with LC: LC-CPM
group) and total cricoidectomy (CPL group) on both phar-
yngeal pressure and UES dynamics pre- and postoperatively.

Results. Eighteen patients (median age, 68 years; 17 men [94%])
were enrolled. Primary diseases associated with severe aspira-
tion were neuromuscular disorders in 13, stroke in 3, and
others in 2 patients. Pharyngeal swallowing pressure did not sig-
nificantly change before and after APS. UES resting pressure and
UES relaxation duration were significantly reduced (P \ .001)
and prolonged (P \ .001), respectively, after APS. Only the CPL
group (8 patients: median 62 years, all men) showed an increase
in the velopharyngeal closure integral after APS (P \ .05). More
prolonged UES relaxation duration was recognized postopera-
tively in the CPL group (P \.01) than in the LC-CPM group.

Conclusion. Less invasive APS minimally affects pharyngeal
swallowing pressure, decreases UES resting pressure, and
prolongs UES relaxation duration. CPL may be more effec-
tive for postoperative UES relaxation in patients with a
short UES relaxation time.
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A
spiration prevention surgery (APS) is a treatment

option for intractable aspiration.1-3 It has been

reported that surgery can improve the quality of life

of patients with severe dysphagia and help them regain oral

intake.3-6 Various surgical techniques are available for aspira-

tion prevention, such as total laryngectomy, tracheoesopha-

geal diversion, and laryngotracheal separation. Considering

the area of tissue removal and suturing, the most invasive of

these techniques is total laryngectomy, and the least invasive

is laryngotracheal separation. In recent years, other less inva-

sive techniques, such as laryngeal closure (LC)4-7 and central-

part laryngectomy (CPL),5,7 have become more common in

Japan. In our institute, LC is performed using a glottic closure

procedure, removing the anterior third of the cricoid cartilage

and laryngeal cartilage under local or general anesthesia.6

CPL was first reported in 2014.5 In CPL, the glottis area,

including the midpart of the thyroid cartilage and the entire

cricoid cartilage, is removed. In both LC and CPL, the lateral

part of the thyroid cartilage, the entire hypopharyngeal

mucosa, and epiglottis are preserved.

Although APS can completely prevent aspiration into the

airway, oral food intake after APS is not guaranteed in

patients with preoperative swallowing dysfunction, including

velopharyngeal insufficiency, diminished pharyngeal swal-

lowing pressure, and upper esophageal sphincter (UES) dys-

function. It was suggested that surgical techniques facilitating

bolus passage through the UES should be performed
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simultaneously with APS for patients with severe dysphagia

who have diminished UES opening (relaxation during swal-

lowing) or the potential for its development, as APS alone is

considered insufficient to improve UES passage.7 These tech-

niques include bilateral cricopharyngeal myotomy (CPM),

which induces relaxation of the cricopharyngeal muscles

during swallowing, and total cricoidectomy, which improves

physical passage obstruction by the cricoid cartilage and

relaxes the cricopharyngeal muscle during swallowing. In our

institution, we perform less invasive APS (L-APS) simultane-

ously with techniques to facilitate UES relaxation, that is, less

invasive APS with a UES relaxation effect including LC (glot-

tic closure, subglottic closure) with CPM (LC-CPM) and CPL

as a technique involving total cricoidectomy (Figure 1).

Increased velopharyngeal pressure and total swallow dura-

tions and decreased UES pressure were reported for swallow-

ing pressure after total laryngectomy for laryngeal cancer

using high-resolution manometry.8 However, to the best of

our knowledge, the characteristics of swallowing pressure

after L-APS have not been reported. To predict oral intake

after L-APS, it is necessary to determine the impact of surgery

on swallowing function. In this study, we evaluated the effects

of L-APS on postoperative pharyngeal pressure and the

dynamics of the UES using high-resolution pharyngeal mano-

metry (HRPM). In addition, we investigated the status of oral

intake before and after surgery.

Methods

Patients and Ethics

We included patients who underwent L-APS and swallowing-

function evaluation with HRPM at the University of Tokyo

Hospital between 2018 and 2020. Patients with a history of

severe dementia, who could not hold liquid in their mouth,

who had undergone laryngectomy, and who were not able to

sit in a wheelchair or stand upright were excluded. This study

was approved by the Human Ethics Committee of the

University of Tokyo (No. 2487). Written informed consent

was obtained from every patient, and patient anonymity was

preserved.

Methodology

We conducted a retrospective, single-center study using medi-

cal charts from the hospital database and a videofluoroscopic

swallow study recording database of our institute. Clinical

and demographic profiles, including age, sex, and primary

diseases, were reviewed. HRPM parameters of patients who

underwent L-APS were evaluated pre- and postoperatively,

and preoperative HRPM parameters were compared with

those of previously reported healthy participants.9 Then, pre-

and postoperative HRPM parameters were compared.

Subsequently, the patients were divided into 2 groups (LC-

CPM and CPL groups), and the effects of LC-CPM and CPL

on both pharyngeal pressure and UES dynamics were com-

pared pre- and postoperatively. To investigate the status of

oral intake, the Functional Oral Intake Scale (FOIS)10 was

adopted. FOIS scores were assigned as levels 1-7 (normal

level: 7). FOIS scores of the patients were evaluated preopera-

tively and at 3 months postoperatively. The Glasgow Coma

Scale (GCS)11 was assessed at the time of the postoperative

FOIS evaluation.

High-Resolution Pharyngeal Manometric
Study and Measures

HRPM was performed in the upright sitting position. The

high-resolution manometry catheter (Unisensor) was lubri-

cated with 2% viscous lidocaine, inserted transnasally, and

positioned to record from the oropharynx to the upper esopha-

gus. The protocol consisted of a 5-minute baseline recording,

followed by 3 dry swallows and 3 wet swallows of a 3-mL

thickened contrast agent (iohexol, Omnipaque; Daiichi-

Sankyo). A solid-state high-resolution manometer (Starlet;

Star Medical) was used for data acquisition. The manometric

catheter has an outer diameter of 4 mm and 20 circumferential

pressure sensors spaced 1 cm apart. Pharyngeal and proximal

esophageal measures were obtained from all patients accord-

ing to a previously reported method.12

The following parameters were obtained from the mano-

metric output: maximum swallowing pressure (velopharynx,

meso-hypopharynx), integrals (velopharyngeal closure integral,

Figure 1. Schemas of less invasive aspiration prevention surgery. CPL, central-part laryngectomy; LC, laryngeal closure.
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meso-hypopharynx contractile integral), UES resting pressure,

UES relaxation duration, and UES relaxation pressure (nadir).

Statistical Analysis

Paired-group comparisons were performed with the Wilcoxon

signed-rank test, and independent-group comparisons were

performed with the Mann-Whitney U test implemented in

BellCurve for Excel (version 3.20; Social Survey Research

Information Co.). Data are presented as medians with inter-

quartile ranges (IQRs) or numbers with percentages as appro-

priate. P\ .05 was considered statistically significant.

Results
Demographic Data

Table 1 lists the demographic data of the enrolled patients.

Eighteen patients were included in this study. The median

age at the time of surgery was 68 years (IQR, 61-75 years),

with a male predominance (94.4%). Primary diseases associ-

ated with severe aspiration were neuromuscular disorders in

13 patients, stroke in 3 patients, and others in 2 patients.

Except for 1 patient, these patients were different from

those receiving total laryngectomy for laryngeal cancer. The

patients in the LC-CPM group (10 patients; median age, 73

years) were older than those in the CPL group (8 patients;

median age, 62 years).

Postoperative Change in Pharyngeal Swallowing
Pressure and Integrals after Aspiration Prevention
Surgery

Table 2 shows the pre- and postoperative HRPM para-

meters. Comparing preoperative HRPM metrics with normal

HRPM data,9 maximum meso-hypopharyngeal pressure and

UES relaxation duration of the patients in this study showed

a tendency to be lower than those of healthy individuals.

The pharyngeal swallowing pressure did not significantly

change before and after L-APS. UES resting pressure and

UES relaxation duration were significantly reduced (P \
.001) and prolonged (P \ .001), respectively, after L-APS.

Postoperative Change in the Status of Oral Intake After
Aspiration Prevention Surgery

Table 3 shows the pre- and postoperative FOIS scores and

the GCS scores at 3 months postoperatively. In all patients,

postoperative FOIS scores were higher than preoperative

FOIS scores, and the oral intake status improved to varying

degrees after APS. Moreover, the lower the patient’s overall

GCS was, the worse the postoperative oral intake tended to

be. Postoperatively, oral nutrition only (FOIS .3) was

achieved in 3 (30%) of the 10 patients in the LC-CPM

group and in 5 (63%) of the 8 patients in the CPL group.

Comparison of Pre- and Postoperative HRPM
Parameters in Each Surgery

We compared the pre- and postoperative HRPM parameters

in LC-CPM and CPL (Figure 2; see Supplemental Table S1

in the online version of the article). In the LC-CPM group, no

significant differences were recognized in velopharyngeal/

meso-hypopharyngeal parameters, while the CPL group

showed an increase in the velopharyngeal closure integral

after surgery (P \ .05). Regarding UES-related parameters,

UES resting pressure and UES relaxation duration during

swallowing were significantly reduced and prolonged, respec-

tively, after surgery in both the LC-CPM and CPL groups

(P\ .05). Furthermore, more prolonged UES relaxation dura-

tion was recognized postoperatively in the CPL group (P \
.01) than in the LC-CPM group (Figure 3; see Supplemental

Table 2 in the online version of the article).

Discussion

In the present study, we investigated the effects of L-APS on

postoperative pharyngeal pressure and the dynamics of the

UES using HRPM and arrived at the following 2 major

Table 1. Patient Demographics.

Demographics All LC-CPM CPL

No. of patients 18 10 8

Age, median [IQR], y 68 [61-75] 73 [66-77] 62 [59-68]

Male, No. (%) 17 (94.4) 9 (90) 8 (100)

Primary diseases, No.

Multiple system atrophy 4 2 2

Stroke 3 2 1

Amyotrophic lateral sclerosis 3 0 3

Parkinson’s disease 2 2 0

Progressive supranuclear palsy 1 1 0

Neuromyelitis optica 1 0 1

Myopathy 1 1 0

Alexander disease type II 1 1 0

Traumatic brain injury 1 0 1

Postradiotherapy for laryngeal cancer 1 1 0

Abbreviations: CPL, central-part laryngectomy; LC-CPM, laryngeal closure with cricopharyngeal myotomy; IQR, interquartile range.
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results. First, UES resting pressure and UES relaxation dura-

tion were significantly reduced and prolonged, respectively,

after L-APS, although no significant difference was observed

in pharyngeal swallowing pressure before and after L-APS.

Second, more prolonged UES relaxation duration was present

postoperatively in the CPL group than in the LC-CPM group.

Total laryngectomy for laryngeal cancer reportedly has

an effect on postoperative pharyngeal pressure and UES

dynamics and induces reduced UES pressure,8,13,14 prolonged

UES relaxation duration,13 and increased velopharyngeal

pressure duration.8 Cricopharyngeal myotomy can also affect

the postoperative swallowing dynamics and result in reduced

UES resting pressure15,16 and improved UES relaxation dura-

tion during swallowing.17,18 Some studies have reported that

no significant change in pharyngeal pressure was observed as

a result of cricopharyngeal myotomy for patients with neuro-

muscular diseases,15,16,19 whereas other studies have reported

statistically significant increases in peak pharyngeal pres-

sure.20,21 In this study, the decreased UES pressure in the CPL

and LC-CPM groups was consistent with that observed in pre-

vious reports, although the patient population was different

from those usually receiving total laryngectomy for laryngeal

cancer. In addition, we found an increased velopharyngeal

closure integral without an increase in velopharyngeal maxi-

mum pressure in the CPL group. This could be attributed to an

increase in velopharyngeal pressure duration after surgery8

due to longer UES transit time compared with preoperative

time. Regarding the finding of no remarkable change in meso-

and hypopharyngeal pressure after LC-CPM and CPL, these

procedures might not affect pharyngeal pressure because both

Table 2. Comparison of HRPM Values Before and After Aspiration Prevention Surgery.

Characteristic Preoperatively Postoperatively P value

Maximum velopharyngeal pressure (mm Hg), median [IQR] 181.5 [126.6 to 232.2] 177.6 [138.9 to 213.4] .31

Velopharyngeal closure integral (mm Hg/s/cm), median [IQR] 63.6 [33.4 to 105.5] 92.8 [41.0 to 130.0] .25

Maximum meso-hypopharyngeal pressure (mm Hg), median [IQR] 246.4 [198.9 to 273.6] 209.1 [182.9 to 282.1] .47

Meso-hypopharyngeal contractile integral (mm Hg/s/cm), median [IQR] 313.5 [190.6 to 394.8] 299.4 [217.9 to 366.3] .74

UES resting pressure (mm Hg), median [IQR] 59.9 [36.4 to 93.2] 16.6 [5.98 to 26.1] .0004a

UES relaxation duration (s), median [IQR] 250.0 [93.8 to 525.0] 525.0 [300.0 to 612.5] .0006a

UES relaxation pressure-nadir (mm Hg), median [IQR] 9.2 [–10.5 to 53.1] –2.8 [–6.4 to 5.3] .18

Abbreviations: IQR, interquartile range; UES, upper esophageal sphincter.
aP \.001.

Table 3. FOIS Scores Before and After Aspiration Prevention Surgery and the Level of Consciousness 3 Months After Surgery.

FOIS, No.

Type of surgery GCS Primary disease Preoperative Post 3M

LC-CPM E4VtM6 Multiple system atrophy 2 6

E4VtM5 Multiple system atrophy 1 3

E4VtM6 Myopathy 1 3

E4VtM6 Postradiotherapy for laryngeal cancer 4 6

E2VtM4 Progressive supranuclear palsy 1 2

E4VtM6 Parkinson’s disease 1 3

E4VtM5 Stroke 1 2

E4VtM6 Stroke 1 5

E4VtM6 Parkinson’s disease 1 3

E4VtM1 Alexander disease type II 1 2

CPL E4VtM6 Multiple system atrophy 1 6

E3VtM5 Stroke 1 3

E4VtM1 Amyotrophic lateral sclerosis 1 2

E3VtM1 Traumatic brain injury 1 2

E4VtM6 Multiple system atrophy 1 5

E4VtM6 Amyotrophic lateral sclerosis 1 4

E4VtM6 Neuromyelitis optica 2 6

E4VtM6 Amyotrophic lateral sclerosis 1 4

Abbreviations: CPL, central-part laryngectomy; E, eye opening; FOIS, Functional Oral Intake Scale; GCS, Glasgow Coma Scale; LC-CPM, laryngeal closure with cri-

copharyngeal myotomy; M, motor response; Post 3M, 3 months after surgery; t, tracheostomy; V, verbal response.
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Figure 2. Changes in the high-resolution pharyngeal manometry values before and after aspiration prevention surgery. Bars show the mean
with 95% confidence intervals. *P\.05 (LC-CPM group). y P\.05 (CPL group). CPL, central-part laryngectomy; LC-CPM, laryngeal closure
with cricopharyngeal myotomy.

Figure 3. Postoperative changes in high-resolution pharyngeal manometry measurements for each surgery. Bars show the mean with 95% con-
fidence intervals. CPL, central-part laryngectomy; LC-CPM, laryngeal closure with cricopharyngeal myotomy; UES, upper esophageal sphincter.
**P\.01.
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lateral parts of the thyroid cartilage remained intact and the

inferior pharyngeal constrictor itself was not surgically

damaged.

The present study showed that either LC-CPM or CPL, as

L-APS, can be effective in reducing resting UES pressure and

opening the UES during swallowing. Accordingly, the func-

tional effects of LC-CPM and CPL on UES relaxation are

likely to be comparable. This is supported by the fact that the

oral intake status improved postoperatively in all patients who

underwent APS. Conversely, a greater effect of prolonged

UES relaxation time during swallowing was observed in the

CPL group than in the LC-CPM group, which may be a physi-

cal effect due to removal of the posterior plate of the cricoid

cartilage. The higher rate of oral nutrition only in the CPL

group compared with the LC-CPM group might be because

the CPL had a greater effect on UES relaxation than the LC-

CPM. For patients with high resting UES pressure and poor

UES relaxation during swallowing, CPL can be more effective

than LC-CPM in opening the UES. Furthermore, in patients

with decreased pharyngeal pressure, which comprises the ejec-

tion force during swallowing, CPL may be more advantageous

for postoperative oral intake because it is a highly effective

technique for prolonging the UES relaxation time.

Notably, both UES dynamics and velopharyngeal closure

function are important for regaining oral intake after APS. For

patients with velopharyngeal insufficiency, improving the

UES passage status during swallowing alone may not provide

sufficient pharyngeal pressure, and oral feeding may not pro-

ceed smoothly. Therefore, concomitant pharyngeal valvulo-

plasty with APS or the use of palatal lift prosthesis should be

considered in patients with velopharyngeal insufficiency.

This study has several limitations, including diverse dis-

ease backgrounds (primary diseases, level of consciousness,

state of movement, etc), subjects’ age difference, and the

small number of included patients. The retrospective nature of

the study contributed to selection bias.Ð In case the patient

was in poor general condition, the surgeon might choose LC

under local anesthesia. Future investigation is required to

compare the HRPM values between LC-CPM and CPL

groups with similar disease backgrounds and swallowing

functions.

Conclusion

Our results indicate that L-APS minimally affects pharyngeal

swallowing pressure, decreases UES resting pressure, and

prolongs UES relaxation duration. CPL may be more effective

for postoperative UES relaxation in patients with a short UES

relaxation time.
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