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Abstract

Swallowing discomfort is a common postoperative complaint in patients undergoing thyroidectomy. Contraction of the strap
muscles might cause resistance to elevation of the laryngotracheal unit, and downward movement of the laryngotracheal
unit may lead to swallowing discomfort. However, few studies have evaluated the mechanism related to limited laryngotra-
cheal elevation after thyroidectomy. We aimed to objectively verify the presence of postoperative impaired laryngotracheal
elevation through ultrasound evaluation in patients undergoing thyroidectomy and evaluate its relationship with limitation
of laryngotracheal elevation. This is a prospective clinical study. Among patients undergoing hemithyroidectomy and total
thyroidectomy, the patients who were followed up for > 6 months were selected (N=40). Ultrasound evaluation was done
preoperatively and at 1, 3, and 6 months postoperatively. Laryngotracheal movement was recorded and the length of eleva-
tion was measured. Symptom after thyroidectomy was evaluated through swallowing-related items of thyroidectomy-related
voice questionnaire. Ultrasound evaluation verified the presence of limited laryngotracheal elevation postoperatively in
patients undergoing thyroidectomy. After thyroidectomy, the swallowing-related score was significantly increased, and was
recovered time-dependently at 1 month. Laryngotracheal elevation showed significant decrease after thyroidectomy. The
symptom score of swallowing was significantly correlated with the length of laryngotracheal elevation. Post-thyroidectomy
ultrasound evaluation verified that laryngotracheal elevation was significantly impaired. Presence of adhesion between the
laryngotracheal unit and the superficial soft tissue was the probable cause of the limitation at 6 months after thyroidectomy.
The length of laryngotracheal elevation was related to the symptom score of swallowing after thyroid surgery.

Keywords Thyroidectomy - Swallowing difficulty - Laryngotracheal movement - Ultrasound - Deglutition - Deglutition
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Introduction

Subjective swallowing discomfort is a common postopera-
tive adverse effect in patients undergoing thyroidectomy.

Electronic supplementary material The online version of this

article (https://doi.org/10.1007/s00455-019-10020-1) contains More than half of these patients complain of non-specific
supplementary material, which is available to authorized users.
> Jeong-Soo Woo Soon-Young Kwon

diakonos1967 @gmail.com; diakonos @korea.ac.kr entkwon @chollian.net

Jae-Gu Cho Kwang-Yoon Jung

jecho@korea.ac.kr kyjungmd @ gmail.com

Hyung Kwon Byeon 1

Department of Otolaryngology—Head and Neck Surgery,
Korea University College of Medicine, Guro-dong 80,
Kyung Ho Oh Guro-gu, Seoul 152-703, South Korea
ohkyoungho@korea.ac.kr

Seung-Kuk Baek
mdskbaek @ gmail.com

ewellcastle @gmail.com

@ Springer


http://orcid.org/0000-0001-8075-0976
http://crossmark.crossref.org/dialog/?doi=10.1007/s00455-019-10020-1&domain=pdf
https://doi.org/10.1007/s00455-019-10020-1

254 J.-G. Co et al.: Objective Assessment of Postoperative Swallowing Diffi culty Through Ultrasound in Patients. ..

dysphagia [1] and 15% experience symptoms for more than
2-5 years [2]. However, importance of the complication is
often overlooked by surgeons. The most reported symp-
toms related to swallowing include sensation of the pres-
ence of lump, foreign body, too-tightly-buttoned shirt collar,
of being strangled, and/or obstacle during swallowing [3].
Symptoms are usually transient and occur in the first week
after thyroid surgery, although they are reported to occasion-
ally occur long after the operation [1].

Under conventional open thyroidectomy, it is necessary
to elevate a sub-platysma muscle flap, and the strap muscles
are retracted laterally to create working space. Occurrence
of adhesion between the flap and the strap muscle and exces-
sive retraction of the strap muscles could cause fibrosis of
the muscles [4], which results in the limitation of laryngotra-
cheal elevation and swallowing difficulty.

Among three phases, oral, pharyngeal, and esophageal
phases, of swallowing, pharyngeal phase is the shortest
phase and the most complex phase. During pharyngeal
phase, laryngotracheal elevation is a vital component of the
airway protection, and plays an important role in relaxation
and opening of the upper esophageal sphincter. The opening
of the upper esophageal sphincter, together with the cessa-
tion of the tonic activity are brought about by traction of
the suprahyoid muscles, which produce the anterosuperior
displacement of the larynx. It is the reason that limitation of
laryngotracheal elevation could cause swallowing difficulty
and dysphagia [5].

Ultrasound (US) is a valuable diagnostic tool for disor-
ders of the neck, especially the thyroid gland. Its application
has expanded to setting of the airway for identifying the cri-
cothyroid membrane in difficult airway intubation, confirm-
ing endotracheal tube placement, and evaluating the vocal
folds and tracheal lesions [6, 7]. However, it has not been
applied to evaluate the movement of the laryngotracheal unit
in patients undergoing thyroidectomy.

In this study, we aimed to objectively verify the presence
of postoperative limitation of laryngotracheal elevation in
patients undergoing thyroid surgery through US evaluation
and evaluate the relationship between swallowing difficulty
and limitation of laryngotracheal movement.

Materials and Methods

The prospective study was approved by our Institutional
Review Board. From June 1, 2017, to May 31, 2018, 83
patients who underwent thyroid surgery were enrolled. After
exclusion of patients who underwent thyroidectomy with
neck dissection and those with <6 months’ follow-up dura-
tion, 40 patients were dichotomized by extent of surgery
into two groups: hemithyroidectomy (HT) group (n=22)
and total thyroidectomy (TT) group (n=18). Thyroidectomy
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was performed in a similar fashion by two surgeons (J.C. and
J. W. with experience in thyroid surgery). Initially, the thy-
roid gland was exposed after detaching the skin and dividing
the strap muscles by midline incision. The strap muscles
were retracted laterally without cutting, for exposure of the
thyroid gland. The recurrent laryngeal nerve and parathyroid
glands were first identified and the lateral part of the thyroid
lobe was excised.

To evaluate voice- and swallowing-related conditions
associated with thyroid surgery, all patients were assessed
pre- and postoperatively through the thyroidectomy-related
voice questionnaire (TVQ) [8]. The questionnaire is a self-
assessment tool for the quality of voice and swallowing
function that consists of 20 questions, each scored from 0
to 4: voice-related symptoms, ten items; throat- or swal-
lowing-related symptoms, ten items [9]. All patients under-
went questionnaires preoperatively and at 1, 3, and 6 months
postoperatively. For symptom scores, we used ten questions
related to swallowing from the TVQ.

US evaluation was done preoperatively and at 1, 3, and
6 months postoperatively with use of Philips Affiniti 50G US
system with L12-4 transducer. After fixation of the end of
the transducer on the sternal notch for preventing movement
of the transducer, the transducer was placed sagittally on lar-
yngotrachea. The video recording of US image of elevation
of the laryngotracheal unit was conducted by an intrinsic
function of US machine under swallowing condition three
times in each patient. At resting, the length between ster-
nal notch and first tracheal ring was measured (L1). Dur-
ing swallowing, the length between sternal notch and first
tracheal ring was measured again in the highest position of
laryngotracheal elevation (L2). The length of laryngotra-
cheal elevation (L3) was calculated by L2—L1. (Figure 1).

Time-dependent changes (comparison between four
groups) of the swallowing-related TVQ scores and the
length of laryngotracheal movement in all patients who
underwent thyroidectomy were analyzed by repeated meas-
ures analysis of variance, and the results were adjusted by
Bonferroni correction method for multiple comparison.
Paired t test was used to assess differences of paired sam-
ples (comparison between two groups, hemithyroidectomy
and total thyroidectomy groups). Correlation was measured
by linear regression analysis comparing swallowing-related
TVQ scores, 1 month, 3 months, and 6 months with each
length of laryngotracheal elevation. Probability values <.05
were considered statistically significant. Statistical analyses
were performed using Statistical Package for the Social Sci-
ences version 20 for Windows (SPSS, IBM Inc., Chicago,
IL, USA).
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Fig. 1 Ultrasound images captured from video recording under swal-
lowing condition of patients after 6 months of thyroidectomy. a Pre-
swallowing image. The white arrow marks the first ring of the tra-
chea, and distance from the trachea immediately below the sternal

Results

Swallowing-Related TVQ Scores in Patients Who
Underwent Thyroidectomy

Temporal changes in swallowing-related TVQ scores were
examined (Fig. 2a). The mean preoperative swallowing-
related TVQ score was 4.03 +1.29. At 1 month postop-
eratively, it was significantly increased to 12.40+2.28
(P <.001); at 3 months and 6 months postoperatively, each
score was decreased to 9.78 +1.93, and 7.23 +£1.90 com-
pared to the score of 1 month; however, swallowing-related
TVQ score was significantly different from the preoperative
value (P =.024 at 3 months, P=.034 at 6 months).

Temporal changes in swallowing-related TVQ scores in
the TT or HT groups were significantly different (Fig. 2b).
At 1 month postoperatively, the mean preoperative swal-
lowing-related TVQ score in the TT group was significantly
higher than that in the HT group; but it was decreased at 3
and 6 months postoperatively, without significant groupwise
difference.

Length of Laryngotracheal Elevation in Patients
Who Underwent Thyroidectomy

Laryngotracheal elevation was decreased significantly at
1 month postoperatively (Fig. 3a). The mean preopera-
tive length of laryngotracheal elevation during swallow-
ing was 1.30+0.18 cm and was decreased significantly to
0.62+0.19 cm at 1 month postoperatively. Laryngotracheal
elevation was recovered to 0.81+0.21 and 0.96 +0.18 cm at 3
and 6 months postoperatively, respectively;however, the length
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notch was 2.36 cm. b Image during swallowing. Under condition of
highest elevation of the first ring of the trachea, the distance meas-
ured per pre-swallowing protocol was 3.24 cm. The length of laryn-
gotracheal elevation was 0.88 cm

of laryngotracheal elevation was significantly different from
the preoperative value at 6 months postoperatively (P=.021).

Length of laryngotracheal elevation in the TT or HT groups
was significantly different at 1 and 3 months postoperatively
(Fig. 3b). In the TT group, the length of laryngotracheal
elevation was decreased to 0.48 +0.14 cm at 1 month post-
operatively and 0.66+0.16 cm at 3 months postoperatively
compared to 1.27+0.17 cm preoperatively. In the HT group,
the length of laryngotracheal elevation was decreased to
0.7340.15 cm at 1 month postoperatively and 0.93+0.15 cm
at 3 months postoperatively compared to 1.31+0.18 cm preop-
eratively. There was a significant difference in the length of lar-
yngotracheal elevation between the TT group and HT groups
at 1 and 3 months postoperatively (P=.034 and P=.0.30,
respectively).

Relationship Between Swallowing-Related TVQ
Score and Length of Laryngotracheal Elevation
in Patients Who Underwent Thyroidectomy

Swallowing-related TVQ score was inversely associated with
the length of laryngotracheal elevation at 1, 3, and 6 months
postoperatively in the TT and HT groups (Fig. 4a, b). In the TT
group, swallowing-related TVQ score was negatively corre-
lated with the length of laryngotracheal elevation (y=—0.612,
P=.024). In the HT group, swallowing-related TVQ score
was negatively correlated with the length of laryngotracheal
elevation (y=—0.404, P=.042).
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Postoperative Changes of the Soft Tissue
on Laryngotracheal Unit

Preoperative video recording through the US system of
the laryngotracheal elevation during swallowing showed
independent movement of the laryngotracheal unit and
the strap muscles from the superficial soft tissue. At 1
and 3 months postoperatively, laryngotracheal elevation
was significantly decreased; hence, no definite adhesion
between the superficial soft tissue and the laryngotra-
cheal unit was observed; at 6 months postoperatively,
laryngotracheal elevation was considerably recovered,
but adhesion between the superficial soft tissue and the
laryngotracheal unit was observed (Supplementary videos
1,2, 3).
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Discussion

Importance of the laryngotracheal unit in patients who have
undergone thyroidectomy has attracted attention because
of studies reporting swallowing difficulty and hoarseness
as common discomfort after thyroidectomy. Swallowing
includes sequential muscle activity as function of time
and localization. During the act of swallowing, the velo-
pharyngeal isthmus closes to protect the nasal, laryngeal,
and tracheal airways, and laryngeal elevation is the vital
component of the protective mechanism [10, 11]. Swallow-
ing difficulty was suggested to be associated with limitation
of laryngotracheal elevation secondary to impaired vertical
laryngeal movement or temporary malfunction of the strap
muscles after surgery [12]. Laryngotracheal elevation plays



J.-G. Co et al.: Objective Assessment of Postoperative Swallowing Diffi culty Through Ultrasound in Patients... 257
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an important role in formation of the pharyngeal phase of
swallowing. To the best of our knowledge, there are no stud-
ies evaluating motion of the laryngotracheal unit under swal-
lowing condition of patients after thyroidectomy through
UsS.

US is increasingly used in evaluation of the neck for pres-
ence of inflammatory lesion, benign and malignant lesions,
and airway management [13]. Recently developed US sys-
tem has video recording function that allows detection of
movement of the laryngotracheal unit during swallowing
that was not possible with previous imaging systems; in
addition, it allows the measurement of the length of lar-
yngotracheal elevation because sagittal image of the laryn-
gotracheal unit can be acquired.

On preoperative video recording (Supplementary video),
the laryngotracheal unit was elevated during swallowing
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Duration of Follow-Up after Thyroidectomy
* *
|
\
1 month 3 months 6 months

Duration of Follow-Up after thyroidectomy

Hemithyroidectomy Group

without movement of the superficial soft tissue, indicating
that the unit was separated from the subcutaneous soft tis-
sue. At 6 months after thyroid surgery, the superficial soft
tissue above the laryngotracheal unit was also elevated dur-
ing swallowing followed by elevation of the laryngotracheal
unit. If we recorded video at the upright position of patients,
the adhesion effect between the laryngotracheal unit and
above the soft tissue would have been more clearly observed.

We evaluated the change in swallowing symptoms among
patients who underwent thyroidectomy, from preoperative
period to 6-month postoperative period, using the TVQ
questionnaire. In the present study, swallowing-related
TVQ scores were significantly changed at 1 month postop-
eratively, especially in the TT group and over time showed
tendency of gradual improvement. However, after 6 months,
swallowing-related TVQ scores did not recover to near
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preoperative values. In our previous study, at 1 year postop-
eratively, swallowing-related TVQ score was not improved
to preoperative value and was worse in the TT group [14].
These results suggest that swallowing-related discomfort
after thyroid surgery may have more serious effect on the
quality of life of patients who undergo total thyroidectomy.

The length of laryngotracheal elevation was signifi-
cantly decreased at 1 month postoperatively, especially in
the TT group. It is likely that at 1 month postoperatively,
altered retraction function of the strap muscle during sur-
gery was not recovered to normal status. Likewise, Hong
et al. reported that contraction of the sternohyoid and ster-
nothyroid muscles caused the laryngotracheal downward
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movement [12]. Sternohyoid and sternothyroid muscles may
be damaged by lateral retraction or incision during thyroid
surgery or by wound contracture of the surrounding struc-
tures after surgery. Generally, in thyroidectomy, the strap
muscles are retracted laterally unless the thyroid tissue is
not enlarged. However, if the enlarged thyroid tissue pre-
vents adequate visual field, incision of the strap muscles
may be needed. Incision of the strap muscles increases
risk of fibrosis. In our study, laryngotracheal elevation was
improved, but did not attain normal value at 6 months post-
thyroidectomy. In this time, the most important factor to
affect limitation of laryngotracheal elevation might be adhe-
sion of the laryngotracheal unit to the superficial soft tissue.
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Alkan et al. reported absence of electrophysiological dif-
ferences of the strap muscles under swallowing condition
of patients 3 months after TT [15]. Thus, the strap muscles
have normal function after surgery, and causes of impaired
laryngeal elevation are multiple and not related to function
of the strap muscles alone.

The length of laryngotracheal elevation and swallowing-
related TVQ score showed time-dependent improvement up
to 6 months after thyroidectomy. Swallowing-related TVQ
score was negatively correlated with the length of laryn-
gotracheal elevation in the HT and TT groups. Therefore,
swallowing difficulty may be related to discomfort of swal-
lowing due to the importance of laryngotracheal elevation
during swallowing.

Clinicians generally consider swallowing problems as
related to oro-pharyngeal intubation and neglect the symp-
toms reported through subjective evaluation. However, in
this study, we verified the limitation of laryngotracheal ele-
vation after thyroidectomy, and determined its relationship
with swallowing-related symptoms.

Laryngotracheal elevation and TVQ score were worse in
TT group than those in HT group. The difference of extent of
dissection during surgery bwtween two groups could make
the difference of symptoms during swallowing. In total thy-
roidectomy, bilateral traction of strap muscles was done, and
it would make the dysfunction or fibrosis of those muscles
in early period. And bilateral dissection might make more
fibrosis of soft tissue around trachea than unilateral dissec-
tion. It could be a cause of differences between two groups.

Our study has some limitations as follows: (1) The fol-
low-up period (6 months) was relatively short and may have
been insufficient to observe complete resolution of swallow-
ing-related symptoms after thyroidectomy. But, in general,
postoperative wound was stabilized in 6 month, and there
was no differences of TVQ scores between postoperative
6 months and 12 months in previous study [14]. Therefore,

the results of 6 months after surgery might be significant;
(2) we video-recorded laryngotracheal elevation at supine
position of patients; (3) we did not evaluate the effect of
anti-adhesive agent to prevent adhesion between the laryn-
gotracheal unit and the superficial soft tissue; and (4) our
institution is a tertiary medical center that provides treatment
to both referred and community patients; hence, selection
bias is inevitable; therefore, results of the study should be
interpreted with caution. A long-term follow-up, randomized
controlled, and comparative study with anti-adhesive agent
is required, using US at upright position of patients, to con-
firm the current results.

This study showed through US evaluation of patients
undergoing thyroidectomy that laryngotracheal elevation
was significantly impaired postoperatively. In the early
period after thyroidectomy, impaired function of the strap
muscle is possibly a cause of laryngotracheal elevation;
adhesion between the laryngotracheal unit and the superficial
soft tissue is possibly a cause of the limitation at 6 months
after thyroidectomy. The length of laryngotracheal elevation
was related to the symptom score of swallowing after thyroid
surgery. Small and gentle elevation of the subplatysmal flap
might be helpful to prevent swallowing impairment.
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Appendix

See Table 1.

Table 1 The swallowing—

. Statement
related thyroidectomy-related
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voice questionnaire

I feel like something is stuck in my throat

I frequently clear my throat because I feel I have sputum in my throat
I cough after meals or after lying down

My mouth is dry and I feel thirsty

My neck is numb and I feel discomfort (or pain)

My upper chest is numb and I feel discomfort (or pain)

My shoulder is numb and I feel discomfort (or pain)

I feel discomfort when swallowing food or liquid

I have difficulty breathing or have frequent choking episodes

I have lots of sputum in my throat
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