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Electromyography of the cricoarytenoid unit
during supracricoid laryngectomy with a
cricohyoidoepiglottopexy procedure
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Abstract

Two patients who received supracricoid laryngectomy with cricohyoidoepiglottopexy to treat laryngeal cancers,
underwent intra-operative electromyography analysis. After the lesion was removed and the electrodes were
inserted into the remaining intrinsic laryngeal muscles, the depth of anaesthesia was carefully reduced.
Gentle tactile stimulations were applied to the pharynx to trigger the reflex movement of the remaining
arytenoids. Recordings were made when reflex movement was achieved.

Case one: Electromyography (EMG) of the remaining arytenoid demonstrated clear phase differences
indicating reciprocal activities between the adductor group (lateral cricoarytenoid muscle, interarytenoid
muscle) and the abductor muscle (posterior cricoarytenoid muscle). Case two: EMG of the remaining
arytenoid demonstrated reciprocal activities between the interarytenoid muscle and the posterior
cricoarytenoid muscle. Activity of the lateral cricoarytenoid muscle was not evident because the muscle was
excised during removal of the paraglottic space. Mobility of the arytenoid was attributed to interaction
between the interarytenoid muscle and posterior cricoarytenoid muscle. Reciprocal interaction between the
interarytenoid muscle and posterior cricoarytenoid muscle alone is also capable of maintaining post-operative

laryngeal functions after supracricoid laryngectomy with cricohyoidoepiglottopexy.
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Introduction

Supracricoid laryngectomy with cricohyoidoepiglottopexy
is an organ preservation surgery designed for T, and
selected T;, T4 laryngeal cancers. After Majer first
described the surgical concept in 1959,' the technique
was refined and promoted by H Laccourreye and JJ
Pique in France and other European countries in the 70s
and 80s.>® Supracricoid laryngectomy with cricohyoido-
epiglottopexy gained further attention worldwide in the
90s due to the superior post-operative oncological and
functional results reported in several English-language
publications.*"® Together with conventional procedures
for partial laryngectomy, this procedure has become one
of the major surgical options in current laryngeal preser-
vation strategies.

In this procedure, the entire thyroid cartilage is resected
along with the tumour-bearing glottis; the remaining
cricoid cartilage with one or two arytenoids is approxi-
mated to the hyoid bone thus forming a neo-glottis.
Post-operative deglutition and phonation are achieved by
the interaction of the arytenoids and the epiglottis.” The
fundamental anatomical structure that allows speech and
swallowing without a permanent tracheostomy is the crico-
arytenoid unit.'” The lateral cricoarytenoid (adductor),
interarytenoid (adductor), and posterior cricoarytenoid
(abductor) muscles are the three major intrinsic laryngeal

muscles attached to the unit and hence known to be
responsible for the mobility of the remaining arytenoids.
However, there is no evidence showing whether these
muscles actually interact with each other and contribute
to the mobility of the arytenoids after supracricoid laryn-
gectomy with cricohyoidoepiglottopexy. By analysing the
electromyography (EMG) of the muscles associated with
the cricoarytenoid unit during the surgical process, we
intended to shed light on the mechanism of the cricoary-
tenoid unit, which sustains essential laryngeal functions
after the procedure.

Case reports

Two patients, who received supracricoid laryngectomy
with cricohyoidoepiglottopexy as a treatment for laryngeal
cancer, underwent EMG analysis. A neuropack MEB-2208
(Nihon Kohden Corporation, Tokyo, Japan) was used for
analysis.

As a routine surgical process, after the tumour-bearing
larynx is removed, the key surgical margins were submitted
as frozen sections for pathological diagnosis. EMG analysis
was performed while waiting for the pathological findings.
Three to four sets of bipolar electrodes plus the grounding
electrode were inserted into the elected muscles (Figure 1).
After these insertions and the wire connections to the
detector were completed, the depth of anaesthesia was
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Fic. 1

Electromyographic analysis of the cricoarytenoid unit during

the SCL-CHEP procedure (Case one). L-PCA = left posterior

cricoarytenoid muscle; L-IA = left interarytenoid muscle;

L-LCA = left lateral cricoarytenoid muscle; R-PCA = right
posterior cricoarytenoid muscle

carefully reduced. During the evaluation, instillation of
pain medication was continued to reduce adverse changes
in vital signs. When a reduced level of anaesthetic depth
was attained, gentle tactile stimulations were applied to
the pharynx to trigger reflex movement of the remaining
arytenoids in the form of repetitive opening and closing ges-
tures of the glottis. EMG recordings were obtained when
reflex was achieved.

The ethical aspect of this intra-operative EMG analysis
was approved by the university hospital institutional
review board. Before surgery, the purpose and whole
process of EMG analysis was explained to the patients.
Analysis was scheduled to be suspended if any adverse
changes in medical conditions occurred or a recommen-
dation of termination was advised by the anaesthesiologist.

Case one

Case one was a 70-year-old male with a TsNyM, glottic
carcinoma. The tumour invaded the entire right fold and
extended into the right paraglottic space with mobile
folds. Supracricoid laryngectomy with cricohyoidoepiglot-
topexy was performed and the anterior half of the right
arytenoid cartilage was removed along with the tumour-
bearing larynx. The entire left arytenoid posterior to the
vocal process was preserved along with three surrounding
intact intrinsic laryngeal muscles. Four sets of EMG
bipolar electrodes were inserted into the 1) left lateral
cricoarytenoid muscle, 2) left interarytenoid muscle, 3)
left posterior cricoarytenoid muscle, and 4) right posterior
cricoarytenoid muscle (Figure 1).

EMG analysis of the reflex movement of the left aryte-
noid demonstrated a certain extent of activities that were
associated with muscle contractions of all four muscles.
The amplitudes of EMG activity were between 150 and
200 uV for the posterior cricoarytenoid muscle and the
lateral cricoarytenoid muscle, and between 25 to 50 uV
for the interarytenoid muscle. The apparent duration of
each contraction was between 1.5 to 2 seconds for each of
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the four muscles. Clear phase differences indicating
reciprocal activities were observed between the adductor
group (lateral cricoarytenoid muscle, interarytenoid
muscle) and abductor muscle (posterior cricoarytenoid
muscle) (Figure 2).

The patient’s post-operative course was uneventful and
he achieved satisfactory laryngeal functions for phonation
and deglutition two months post-operatively. In this case,
the mobility of the remaining arytenoid was fully attributed
to the three intrinsic laryngeal muscles attached to the
cricoarytenoid unit.

Case two

Case two was a 69-year-old male patient with an untreated
T3NoM, glottic carcinoma. The tumour invaded the bilat-
eral vocal folds and extended deeply into both paraglottic
spaces with mobile folds. Supracricoid laryngectomy with
cricohyoidoepiglottopexy was performed and the anterior
two thirds of the right arytenoid cartilage was resected
along with the tumour-bearing larynx. The left arytenoid
cartilage posterior to the vocal process was preserved
together with two intact intrinsic laryngeal muscles; the
interarytenoid muscle and the posterior cricoarytenoid
muscle. Most of the left lateral cricoarytenoid muscle was
excised as a result of the complete removal of the bilateral
paraglottic spaces. Three sets of EMG bipolar electrodes
were inserted into the 1) remaining portion of the left
lateral cricoarytenoid muscle, 2) left interarytenoid
muscle, and 3) left posterior cricoarytenoid muscle.

EMG analysis of the reflex movement of the left aryte-
noid demonstrated activation of the two muscles; the inter-
arytenoid muscle and the posterior cricoarytenoid muscle.
Only minimal activity could be observed from the left
lateral cricoarytenoid muscle throughout the analysis.
The amplitudes of the contraction activities were approxi-
mately 1 mV for the interarytenoid muscle and 2 mV for
the posterior cricoarytenoid muscle. Apparent duration
of each contraction was approximately 0.8 to 1 second for
both the interarytenoid muscle and posterior cricoary-
tenoid muscle. Clear phase differences indicating recipro-
cal activities were observed between the interarytenoid
muscle and the posterior cricoarytenoid muscle (Figure 3).

The patient’s post-operative course was prolonged by
local infection but satisfactory laryngeal functions were
eventually achieved nine months post-operatively. A fibre-
scopic view of the neo-glottis 20 months after surgery
demonstrated excellent mobility of the only remaining
left arytenoid (Figure 4). In this case, the mobility of the
arytenoid was attributed to the interaction between the
interarytenoid muscle and posterior cricoarytenoid muscle.

Discussion

Due to the large proportion of early stage glottic carcinoma
and the well established treatment options, such as radio-
therapy and total laryngectomy, laryngeal cancer has
become one of the head and neck cancers with an excellent
prognosis. Clinical attention has gradually shifted from the
prognostic to the functional aspects of this particular
disease. Over the past several decades, efforts have been
made to find better treatment options capable of preser-
ving the natural airway, while avoiding permanent
tracheostomy. Supracricoid laryngectomy with cricohyoi-
doepiglottopexy has become one of the major organ-
preservation surgeries because of the stable and reliable
oncological and functional results. Although an intensive
rehabilitation process is needed, most patients are able to
restore normal swallowing within a year without requiring
gastrostomy or tracheostomy.'"'> The voice after the pro-
cedure is rough and less efficient compared with that of
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Results of EMG analysis from Case one. Clear phase differences indicating reciprocal activities were observed between the adductor
group and the abductor muscle. L-LCA = left lateral cricoarytenoid muscle; L-IA = left interarytenoid muscle; L-PCA = left
posterior cricoarytenoid muscle; R—PCA = right posterior cricoarytenoid muscle

normal speakers but it is adequate for most social recurrent laryngeal nerves is the basic functional unit that
interactions.'>'* allows speech and swallowing after supracricoid laryngect-

The cricoarytenoid unit composed of the arytenoid omy with cricohyoidoepiglottopexy.!® Based on the ana-
cartilages, cricoid cartilage, cricoarytenoid muscles, and tomical dispositions, the three intrinsic laryngeal muscles,
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Results of EMG analysis from Case two. Clear phase differences indicating reciprocal activities were observed between the inter-
arytenoid and the posterior cricoarytenoid muscle. L-LCA = left lateral cricoarytenoid muscle; L-IA = left interarytenoid muscle;
L-PCA = left posterior cricoarytenoid muscle
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Fic. 4
Fibrescopic view of the neo-glottis 20 months after supra-
cricoid laryngectomy with cricohyoidoepiglottopexy in
Case two. Excellent mobility of the sole remaining left
arytenoid can be observed.

interarytenoid, posterior cricoarytenoid and lateral crico-
arytenoid, are considered responsible for sustaining the
essential function of the unit. However, there is no evi-
dence showing whether these intrinsic laryngeal muscles
actually interact with each other and contribute to the
mobility of arytenoids after supracricoid laryngectomy
with cricohyoidoepiglottopexy. There is also limited infor-
mation on how much of the lateral cricoarytenoid muscle
can be excised without interfering with the mobility of
the remaining arytenoid. Since the lateral cricoarytenoid
muscle is often excised in order to completely remove
the paraglottic space adjacent to it, this information is
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crucial, especially when the arytenoid is the only unit
remaining after excision. EMG analysis is ideal to docu-
ment the essential functions of these intrinsic laryngeal
muscles.

Over the past several decades, EMG analysis has pro-
vided important perspectives on laryngeal physiology,
especially laryngeal participation in voice and speech
production.’®~?° The contribution of each intrinsic laryn-
geal muscle, three adductors (lateral cricoarytenoid, inter-
arytenoid and vocalis or thyroarytenoid) and one abductor
(posterior cricoarytenoid), to voicing distinction is well
documented.'®"'® The interarytenoid muscle provides
finer adjustments of the glottic aperture for various
speech sounds with the supportive action of the lateral
cricoarytenoid and vocalis or thyroarytenoid muscle; all
adductors are generally associated with suppression of
the posterior cricoarytenoid muscle.'®'” Reciprocal acti-
vations between the lateral cricoarytenoid, the interaryte-
noid and the posterior cricoarytenoid muscle could be
clearly observed in the EMG activities of Case one. It is
clear that the three muscles attached to the cricoarytenoid
unit fully attributed to the mobility of the remaining aryte-
noid in this case. In the normal larynx, the anterior glottis
plays the most important role in phonation and the pos-
terior glottis in respiration.”” In the neo-glottis after supra-
cricoid laryngectomy with cricohyoidoepiglottopexy the
posterior glottis alone plays an important role in both
phonation and respiration.

Case two showed clear reciprocal EMG activities
between the interarytenoid and the posterior cricoary-
tenoid muscles. In this case, the lateral cricoarytenoid
muscle was excised for oncological control. The typical
incision for supracricoid laryngectomy with cricohyoidoe-
piglottopexy transects the lateral cricoarytenoid muscle,
especially when complete removal of the ipsilateral para-
glottic space is required. In Case two, the mobility of the
arytenoid was attributed to the interactions of the interar-
ytenoid and the posterior cricoarytenoid muscles only. In
other words, the reciprocal interaction between the interar-
ytenoid muscle and posterior cricoarytenoid muscle alone
is capable of maintaining post-operative laryngeal func-
tions after the procedure.

® Two patients undergoing supracricoid laryngectomy
with cricohyoidoepiglottopexy underwent
intra-operative electromyography analysis

® Mobility of the arytenoid following surgery was
attributed to interaction between the interarytenoid
and posterior cricoarytenoid muscles

® Reciprocal interaction between these muscles is
sufficient to maintain laryngeal function after
supracricoid laryngectomy

This is the first report documenting muscular activities
related to the cricoarytenoid unit after supracricoid laryn-
gectomy with cricohyoidoepiglottopexy. Technical refine-
ments and accumulation of data are needed to further
elucidate the post-operative mechanism of the cricoaryte-
noid unit.

References

1 Majer H, Rieder A. Crico-hyoido-pexy: A conservation
laryngeal surgery to preserve laryngeal functions [In
French]. Ann Otolaryngol Chir Cervicofac 1959;76:677-83


https://doi.org/10.1017/S002221510600315X

CLINICAL RECORD

2

10

11

12

Piquet JJ, Desaulty A, Decroix G. Crico-
hyoido-epiglotto-pexy. Surgical technique and functional
results. (In French). Ann Oto-Laryng 1974;91:681-6
Laccourreye H, Laccourreye O, Weinstein G, Menard M,
Brasnu D. Supracricoid laryngectomy with cricohyoidoepi-
glottopexy: A partial laryngeal procedure for glottic carci-
noma. Ann Otol Rhinol Laryngol 1990;99:421-6

Piquet JJ, Chevalier D. Subtotal laryngectomy with
crico-hyoido-epiglotto-pexy for the treatment of extended
glottic carcinomas. Am J Surg 1991;162:357-61

Schwaab G, Mamelle G, Lartigau E, Praise O, Wibault P,
Luboinski B. Surgical salvage treatment of T;_T, glottic
carcinoma after failure of radiotherapy. Am J Surg 1994;
168:474-5

Laccourreye O, Weinstein G, Naudo P. Supracricoid
partial laryngectomy after failed laryngeal radiation
therapy. Laryngoscope 1996;106:495-8

Laccourreye O, Laccourreye L, Garcia D, Gutierrez-
Fonseca R, Brasnu D, Weinstein G. Vertical partial laryn-
gectomy versus supracricoid partial laryngectomy for
selected carcinomas of the true vocal cord classified as
T,Ny. Ann Otol Rhinol Laryngol 2000;109:965-71
Weinstein G, Mahmoud El-Sawy M, Ruiz C, Dooley P,
Chalian A et al. Laryngeal preservation with supracricoid
partial laryngectomy results in improved quality of life
when compared with total laryngectomy. Laryngoscope
2001;111:191-9

Weinstein G, Laccourreye O, Ruiz C, Dooley P, Chalian A,
Mirza N. Laryngeal preservation with supracricoid partial
laryngectomy with cricohyoidoepiglottopexy: correlation
of videostroboscopic findings and voice parameters. Ann
Otol Rhinol Laryngol 2002;111:1-7

Weinstein G, Laccourreye O, Brasnu O, Laccourreye H.
Organ preservation surgery for laryngeal cancer. San
Diago: Singular Publication Group 2000;1-23

Naudo P, Laccourreye O, Weinstein G. Complications and
functional outcome after supracricoid partial laryngectomy
with cricohyoidoepiglottopexy. Otolaryngol Head Neck
Surg 1998;118:124-9

Nakayama M, Takahashi H, Okamoto M, Inagi K,
Makoshi T, Nagai H et al. Limited surgery for cancer of
the larynx and hypopharynx-Options and consequences.
Acta Otolaryngol 2002; (Suppl 547):41-5

https://doi.org/10.1017/5002221510600315X Published online by Cambridge University Press

13

14

15

16

17

18

19

20

91

Laccourreye O, Crevier-Buchman L, Weinstein G, Biacabe
B, Laccourreye H, Brasnu D. Duration and frequency
characteristics of speech and voice following supracricoid
partial laryngectomy. Ann Otol Rhinol Laryngol 1995;
104:516-21

Crevier-Buchman L, Laccourreye O, Wuyts FL,
Monfrais-Pfauwadel M, Pillot C, Brasnu D. Comparison
and evolution of perceptual and acoustic characteristics
of voice after supracricoid partial laryngectomy with crico-
hyoidoepiglottopexy. Acta Otolaryngol 1998;118:596-9
Dedo H. The paralyzed larynx: an electromyographic study
in dogs and humans. Laryngoscope 1970;80:1455-517
Hirose H. Posterior cricoarytenoid as a speech muscle. Ann
Otol 1976;85:334-42

Hirose H. Laryngeal articulatory adjustments in terms
of EMG. In Hirano M, Kirchner J, Bless D, eds. Neurolar-
yngology. San Diego: Singular Publication Group 1991;
200-8

Hirano M. The laryngeal muscles in singing. In Hirano M,
Kirchner J, Bless D, eds. Neurolaryngology. San Diego:
Singular Publication Group, 1991;209-30

Hirano M, Kurita S, Tateishi M, Matsuoka H. Deglutition
following supraglottic horizontal laryngectomy. Ann Otol
Rhinol Laryngol 1987;96:7—-11

Hirano M, Kurita S, Kiyokawa K, Saito K. Posterior
glottis-Morphological study in excised human larynges.
Ann Otol Rhinol Laryngol 1986;95:576-81

Address for correspondence:

Meijin Nakayama,

Department of Otolaryngology,
Kitasato University School of Medicine,
1-15-1 Kitasato, Sagamihara,

Kanagawa 228-8555, Japan.

Fax: 481 42 778 8441
E-mail: meijin@med.kitasato-u.ac.jp

Dr M Nakayama takes responsibility for the integrity of the
content of the paper.
No competing interests were declared



https://doi.org/10.1017/S002221510600315X

