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Rotational Thyrotracheopexy After Cricoidectomy for Low-Grade
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Objectives: The complex laryngeal functions are fundamentally defined hy the cricoid cartilage. Thus, lesions requiring
subtotal or total resection of the cricoid cartilage commonly warrant total laryngectomy. However, from an oncological per-
spective, the resection of the cricoid cartilage would be an optimal solution in these cases. The poor functional results of the
few reported cases of total and subtotal cricoidectomy with different reconstruction techniques confirm the need for new
approaches to reconstruct the infrastructure of the larynx post cricoidectomy.

Study Design: Retrospective case series review.

Methods: Four consecutive patients with low-grade chondrosarcoma were treated by cricoidectomy with rotational thy-
| rotracheopexy reconstruction to enable the functional creation of a complete cartilaginous ring that can substitute the func-
| tions of the cricoid cartilage. The glottic structures were stabilized with endoscopic arytenoid abduction lateropexy. Patients
| were evaluated with objective and subjective function tests,

Results: Tumor-free margins were proven; patients were successfully decannulated within 3 weeks. Voice outcomes
were adequate for social conversation in all cases. Oral feeding was possible in three patients, |

Conclusion: Total and subtotal cricoidectomy can be a surgical option to avoid total laryngectomy in cases of large
chondrosarcomas destroying the cricoid cartilage. The thyrotracheopexy rotational advancement technique enables the effec-
tive reconstruction of the structural deficit of the resected cricaid cartilage in cases of total and subtotal cricoidectomy. An
adequate airway for breathing, swallowing, and voice production can be reconstructed with good oncological control. In cases

where the pharynx is not involved, good swallowing function can also be achieved.
‘ Key Words: Airway reconstruction, chondrosarcoma, conservation resection, cricoid cartilage, cricoidectomy.

Level of Evidence: 4.

INTRODUCTION

Chondrosarcoma of the larynx is an uncommon
tumor, accounting for approximately 0.1% to 1% of all
laryngeal neoplasms.! Its most frequent variants (95%—
99% of cases) are of low- and intermediate-grade dis-
ease.”? Laryngeal chondrosarcomas manifest different
pathological behaviors compared to other malignancies of
the larynx, and thus the treatment of these tumors is dif-
ferent.*® Complete surgical excision with negative mar-
gins is the treatment of choice for oncological control %7
The balance between radical resection and the preserva-
tion of laryngeal function is crucial. In the case of cricoid
chondrosarcoma, how well this can be achieved depends
on how much and what part of the cricoid cartilage
remains. It is the only complete ring in the cartilage
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framework of the airway and is key to airway integrity.
This makes preservation of function after cricoidectomy
an obvious challenge.® The difficulty in reconstruction
after the loss of the cricoid often leads to total laryngec-
tomy."'? To avoid this, many less radical procedures have
been deseribed. Nonetheless, due to the nature of these
techniques, the chance of tumor recurrence increases.''"”
In the case of more radical techniques, like hemicricoidec-
tomy and the few reported cases of subtotal and total cri-
coidectomy, prolonged stenting is wunavoidable. If
autografts such as with rib are used, the donor site com-
plications are not rare. Stenosis is a common risk.’* "
The authors report a reconstruction technique useful
after total and subtotal cricoidectomy for cases of large,
low-grade chondrosarcomas of the cricoid cartilage. This
technique provides an oncologically sound surgery using
only local structures for reconstruction. Therefore, it effi-
ciently leads to an adequate and stable airway with
acceptable voice quality and swallowing function.

MATERIALS AND METHODS

Patients

In four consecutive patients, total cricoidectomy was per-
formed in three patients (1, 2, and 4), and subtotal cricoidectomy
was performed in one patient (3). All had low-grade chondrosar-
coma of the cricoid cartilage. In all cases, magnetic resonance
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TABLE |.
Patient Data and Type of the Surgery.

Patient 1 Patient 2
Age (year) 59 35
Gender Male Male
Maximum diameter 4.5 3.0
of the tumor (cm)
Extension of the tumor Cricoid cartilage Cricoid
cartilage
Mobility of the vocal cords Bilaterally Normal
slightly impaired
Previous surgery - -
Cricoidectomy Total Total

Patient 3 Patient 4
30 64

Female Male
2.0 4.5

Cricoid cartilage,
retropharyngeal space,

prevertebral fascia,
oesophageal introitus

Cricoid cartilage,
1st tracheal cartilage,

lower quarter of the
thyroid cartilage
on the left side

Normal Bilateral complete immobility

- Hemicricoidectomy, right-sided
arytenoidectomy,

partial resection of the right
thyroid lamina

Subtotal/right part of Total
the cricoid lamina

imaging or computed tomography (CT) imaging demonstrated a
round cystic lesion of the posterior lamina of cricoid cartilage.
The cortical layer of the cartilage was infiltrated by the tumor in
case 1, 2, and 4. In the third case, the lesion infiltrated the first
tracheal cartilage and the lower quarter of the thyroid cartilage
on the ipsilateral (left) side. The maximum diameters of the
tumors were 4.5, 3.0, 2.0, and 4.5 cm (cases], 2, 3, and 4), respec-
tively. None of the patients had cervical or mediastinal adenopa-
thy or findings of distant metastases. Patient data is reported in
Table 1.

The first three patients presented with progressive dys-
phonia and dyspnea that had started at least 4 months prior to
their diagnosis. Vocal fold mobility was normal in the second
and third cases. The first case had slightly impaired mobility.

The fourth patient was tracheostomy-dependent and was
referred to the authors after tumor recurrence despite multiple
laryngeal surgeries and external beam radiation therapy. Hemi-
cricoidectomy, partial resection of the right thyroid lamina, and
right-sided arytenoidectomy were previously performed. The
tumor recurrence was spreading into the retropharyngeal space,
infiltrating the surrounding soft tissues and extending to the
prevertebral fascia. Preoperative endoscopy revealed complete
immobility of both vocal folds.

Surgical Technique

All operations were performed under general anesthesia
through a horizontal incision made at the level of the cricoid
cartilage. The trachea was bluntly dissected from larynx to
superior mediastinum, protecting the recurrent laryngeal
nerves and great vessels. Isolating the tumor, the cricothyroid
and cricotracheal ligaments and the inferior horns of the thy-
roid cartilage were transected (Figure 1.a). In the cases of total
cricoidectomy (cases 1, 2, 4) the posterior and lateral cricoaryte-
noid muscles were sacrificed. The cricoid cartilage was dissected
at the cricotracheal ligament and then completely removed
together with its outer perichondrium (Figure 1.b). The pharyn-
geal constrictor muscle and the esophagus were carefully dis-
sected from the cricoid and the rest of the tissue to be resected.
Then a low, inferior tracheotomy was performed through a sep-
arate skin incision below the fifth tracheal cartilage. The oro-
tracheal tube was replaced there (cases 1, 2, 3); in patient 4, it
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was repositioned to this distal location from the existing
tracheostomy.

Resection Variations in Specific Cases

In the first patient, the articular surface of the arytenoid
cartilages had to be resected due to the massive extension of
the lesion. In the third patient, the first two tracheal rings and
the lower part of the thyroid cartilage were also resected below
the ipsilateral vocal fold on the left side (Figure 2.a,b). In the
fourth patient, a hemipharyngectomy, a partial resection of the
esophageal introitus, and an expanded resection of the sur-
rounding soft tissues were also performed.

Laryngotracheal Anastomosis

The distal trachea was mobilized until it could be easily
pulled up to the level of the thyroid cartilage. The trachea was
then rotated clockwise (looking at the trachea from above) by
about 90 degrees for the anastomosis (Figure 1l.c) simply
because it is easier for a right-handed surgeon. In case 3, where
the right side of the cricoid lamina with the right arytenoid
remained after the resection, the tracheal trunk was rotated
counter-clockwise to complete and support the resected part of
the cricoid ring. The right posterolateral edge of the proximal
tracheal cartilage was sutured to the left posterior part of the
thyroid cartilage with absorbable suture (0-PDS, needle: 26
mm, 1/2 circle, round-bodied, Ethicon, Somerville, NJ) (Figure
1.d, 3.a). These massive holding threads fixed the laryngotra-
cheal anastomosis during the healing period, and the robust
needle was necessary for penetration through the rigid thyroid
lamina. A second suture was placed on the opposite corner of
the thyroid cartilage (the right posterior corner); thus, the tra-
chea was fixed to the thyroid lamina on both sides rotated by
approximately 90 degrees. This formed a complete ring, thereby
replacing the structure of the missing cricoid cartilage.

In the next step, the arytenoid and interarytenoid mucosa
were separately sutured (Vieryl 2.0, Ethicon) to the posteriorly
rotated side (formerly the right side) of the trachea (Figure 3.b).
Then a soft stent (silicon tube filled with gauze) was placed into
the airway cavity within the reconstruction to promote better
healing with less cicatricial scarring of the mucosa. This also
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Fig. 1. (1.a) The explored cricoid carti-
lage (patient 2). The cricothyroid liga-
ment is already transected. 1: the
cricoid cartilage; 2: the first tracheal
ring. (1.b) The completely removed cri-
coid cartilage (patient 2). 1,2: the artic-
ular surface of the cricoarytenoid joint;
3: the inner surface of the trachea is
infiltrated by the tumor. (1.c) The
rotated tracheal trunk (patient 2). 1: the
trachea is rotated clockwise approxi-
mately by 90 degrees (the anteroposte-
rior axis is marked by the dashed line).
(1.d) The fixation of the rotated tracheal
trunk (patient 2). 1: the thyroid cartilage
is refracted; 2: the anterior wall of the
esophagus; 3: the right part of the
rotated trachea will be sutured to the
left posterior part of the lower edge of
the thyroid cartilage; 4: the posteriorly
rotated midline of the trachea. (1.e) The
soft stent in the reconstructed larynx
(patient 2). 1: the inferior edge of the
thyroid cartilage; 2: the soft stent; 3:
the first rotated tracheal cartilage; 4:
fixing thread of the soft stent; 5: inferior
tracheostomy (the endotracheal tube is
temporarily removed). (1.f) The recon-
structed cartilage framework of the lar-
ynx (patient 2). 1: the remnant of the
thyroid cartilage; 2: the rotated first tra-
cheal cartilage.

served to stabilize the arytenoids in their abducted position
(Figure 1.e, 2.b). The lower arch of the thyroid cartilage and the
anterior (previously left) side of the trachea were sutured with
four to five interrupted sutures. In summary, a modified thyro-
tracheopexy was performed in which the anterior wall of the
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subglottic part of the larynx was reconstructed with the left
side of the trachea, and the posterior wall was reconstructed
with the right side. The new tracheostomy was intubated with
a cuffed tracheal cannula at the end of the surgery. Parenteral
ceftriaxone (Ceftriaxone Kabi; Frensenius Kabi Hungary,
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Hungary, Budapest) and metronidazole (Klion; Richter Gedeon,
Hungary, Budapest) antibiotics were administered in all cases
at least for 7 days.

This procedure ensured a sufficiently wide subglottic
space. However, the glottic aperture was not intrinsically
assured. In cases of total cricoidectomy, the lack of the muscles
attached to the arytenoid cartilages caused the prolapse of the
interarytenoid mucosa and the passive adduction of the vocal
folds after removing the soft stent. Therefore, a second opera-
tion was performed involving a unilateral (case 4) or bilateral
(cases 1, 2) arytenoid lateropexy with a special endolaryngeal
thread guide instrument (ETGI; Mega Kft, Szeged, Hun-
gary).'®'7 In the same surgery (cases 2, 4), the edema of the
supraglottic soft tissue and interarytenoid mucosa was reduced
by Ultra Dream Pulse (UDP) CO, laser (DS-40U, Daeshin
Enterprise, Seoul, Korea).

Functional Evaluation and Follow-up Care

The voice samples were recorded with a high sensitivity
(40Hz-16kHz) condenser head microphone (Audio-Technica
ATMY75) at a sampling frequency of 96 kHz, 24 bit (Tascam US
122MkII external soundcard) and analyzed by Praat 5.3.2.9.
software (www.praat.org). The following acoustic parameters
were recorded in this study: mean fundamental frequency, jitter,
shimmer, harmonics-to-noise ratio, and mean phonation time.
Each patient was invited to fill out the Hungarian version of
Voice Handicap Index (VHI) questionnaire.'®'? The functional
outcomes of the surgery in terms of breathing, voice, swallow-
ing, and overall satisfaction were evaluated by the Quality of
Life (QOL) Questionnaire of the Lausanne team.?® Paying spe-
cial attention to the swallowing problems, the patients also
completed the Swallowing Quality of Life questionnaire (SWAL-
QOL) by McHorney?' Spirometric measurements were per-
formed by using a THOR Laboratories Kft., Székesfehérvar,
Hungary. Peak inspiratory flow was registered in all cases.>***
The status of the postoperative airway was investigated by
high-resolution three-dimensional CT reconstruction. Follow-up
evaluations included systematic endoscopic and radiological
examinations (Figure 4.a,b and Figure 5).

RESULTS

No major perioperative or postoperative complica-
tions occurred. Tumor-free margins were proven by his-
tology in all cases. The laryngeal soft stents (cases 2, 3,
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Fig. 2. Extension of the resection
(patient 3). (2.a) 1: the left side of
the thyroid cartilage is resected
under the level of the vocal fold; 2:
the left pyriform sinus; 3: the third
rotated tracheal ring. (2.b) 1: soft
stent; 2: the third rotated tracheal
ring; 3: distal tracheostomy. [Color
figure can be viewed in the online
issue, which is available at www.
laryngoscope.com.]

4) were removed during direct laryngoscopy with general
anesthesia on the ninth, sixth, and 12th postoperative
day, respectively. Events of the early postoperative
period are shown in Table II. Endoscopic arytenoid
abduction lateropexy (EAAL) was performed in cases of
total cricoidectomies (cases 1, 2, 4) on the 14th, 9th, and
12th postoperative day, respectively. The edema of the
false vocal folds was also reduced by Ultra Dream Pulse
(DS-40U, Daeshin Enterprise) CO; laser in the same
session. Edema of the supraglottic region was also
reduced by laser in the third patient on the 39th postop-
erative day. In the second case, reopening of the closed
tracheostomy was necessary for 1 day due to safety rea-
sons 7 weeks after the surgery. Speech ability was pre-
served in all cases. The acoustic parameters, VHI, and
QOL scores for every subject are shown in Table III.
Oral feeding was allowed for the first and third patient

Fig. 3. Three-dimensional model of the reconstruction. (3.a) The
tracheal cartilage is pulled up and is rotated clockwise approxi-
mately by 90 degrees. The inferior horns of the thyroid cartilage
are resected. The dashed black lines indicate the fitting points of
the reconstruction. (3.b) The posteriorly rotated right side of the
trachea is sutured to the thyroid cartilage and to the arytenoid
and interarytenoid mucosa. 1: the posterior suture line. [Color fig-
ure can be viewed in the online issue, which is available at www.
laryngoscope.com.]
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Fig. 4. Postoperative endoscopic
view (patient 1). (4.a) A properly
wide glottic gap was achieved by
bilateral arytenoid lateralization.
*Position of the sutures of the aryte-
noid lateralization; AC: arytenoid
cartilage. (4.0) A wide subglottic
space was formed by the recon-
struction. 1: the membranous wall
of the trachea: (the anteroposterior
axis is marked by the dashed line);
AC: arytenoid cartilage. [Color figure
can be viewed in the online issue,
which is available at www.laryngo-
scope.com.)

from the ninth postoperative day. Nasogastric feeding
tube was used in the second patient for 20 days. The
first three patients were able to tolerate a normal diet.
The fourth patient, who had a partial pharyngectomy,
was able to swallow saliva, but remained gastrostomy-
dependent throughout the follow-up peried (9 months).
Functional results are reported in Table III. During the
follow-up time (39, 18, 17, 9 months, respectively), the
patients were free from local and distant recurrences,

DISCUSSION

Chondrosarcoma is the most common nonepithelial
neoplasm in the laryngeal region. In 75% to 80% of the
cases, the lesion arises from the cricoid cartilage, with a
special predilection for the paramedian inner surface of
the posterior plate.®! Their relatively low malignant
potential allows the application of conservative surgical
procedures. Options may vary from endoscopic resection
and open-neck partial resection to total laryngectomy,
depending on the localization, extension, and histological
grade of the tumor.?® If a complex surgery is not feasi-
ble, debulking through an anterior laryngofissure or
endoscopic laser resection (generally by CO, laser) can
be performed.!? If the tumor involves less than half of
the cricoid cartilage, conservative surgical treatment can
be considered. Vertical hemicricoidectomy is a good sur-
gical option with adequate oncologic and functional
results as well.’* For the reconstruction of the airway
after partial cricoidectomy, several autologous graft
materials have been published. Thyroid cartilage, rib
cartilage, rotated epiglottic cartilage, scapular tip, and a
hyoidsternohyoid osteomuscular flap can be used to rees-
tablish the posterior wall of the larynx.?®?" Delaere
et al. published a case of a cricoid chondrosarcoma
treated with a vertical hemicricoidectomy, followed by a
complex two-step tracheal aulotransplantation proce-
dure.?® However, the need for total cricoidectomy takes
the problem of the airway reconstruction to a higher
level. Total cricoidectomy was first described for the
treatment of large chondrosarcomas by Leroux-Robert in
1956 and was recently cited by Nakano et al., Thomé
et al., and de Vincentiis et al. in connection with a total
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of six cases.’®®%>! The shortest stenting periods were
34, 90, and 56 days, respectively. Thomé et al. did not
provide any functional results for their two cases. In the
other two series (four patients), decannulation was possi-
ble in only one case.!**!

Because the cricoid ring is the critical structure
supporting normal laryngeal function, these outcomes
are not surprising. In the opinion of the authors, poor
functional results from the extended resection of the cri-
coid can be primarily traced back to two problems. First,
the reconstruction of the subglottic airway is difficult
with the existing (previously described) graft options.

Fig. 5. Three-dimensional computed tomography reconstruction of
the laryngeal framework (patient 2, 6th postoperative month). 1:
the remnant of the thyroid cartilage; 2: the cricoid cartilage is
resected; 3: the rotated tracheal rings (sagittal view). [Color figure
can be viewed in the online issue, which is available at www.laryn-
goscope.com.)
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TABLE Il

Postoperative Care After Total/Subtotal Cricoidectomy.

Patient 1 Patient 2 Patient 3 Patient 4
Removing of the soft stent No stenting 6 12
(postoperative day)
Additional intervention Bilateral EAAL Bilateral EAAL Edema reduction Unilateral EAAL
(postoperative day) Edema reduction with UDP laser Edemna reduction
with UDP laser with UDP laser

14 39 12
Decannulation 14 6 17
(postoperative day)
Oral feeding 9 9 Gastrostomy-dependent

(postoperative day)

- UDP = Ultra Dream Pulse (D_S—4DlJ_.D_aéshin Enterprise, Seoul, Ka;e_a); EAAL = endoscopic arytenoid abduction iate;Jpexy.

Second, published methods do not address two issues of
airway integrity: the unstable and often denervated ary-
tenoid cartilages and the prolapse of the supraglottic
soft tissues into the laryngeal cavity.

Based on this work, the subglottic support that is
disrupted by the cricoidectomy can be reconstructed in a
stable manner with the rotation of the autologous tra-
cheal advancement flap. The remnant of the thyroid carti-
lage, together with the rotated trachea, provide a well-
vascularized and mucosa-covered rigid ring. The segmen-
tal tracheoesophageal arteries must be transected on the
anterior side (after rotation) down to the proximal three
to four tracheal rings (where the maximal rotation hap-
pens) and maintained on the posterior side. Moreover, the
transverse intercartilaginous arteries and the lateral lon-
gitudinal anastomoses remain intact and provide the
basis for a quick, complication-free recovery.”? Postthyro-
tracheopexy, the arytenoid cartilages, and the surround-
ing soft tissues are sitting atop and supported by the
rotated tracheal wall. This connection, however, does not
prevent the passive adduction of the vocal folds because
the cricoarytenoid joints are severed and the articular
surface is resected on one or both sides. There are also no
attachment points for three of the four muscles that act
on the arytenoid bodies. The thyroarytenoid is the only

muscle that may still be functionally connected, and it
only adducts the vocal fold. This can adversely affect the
airway aperture. Endoscopic arytenoid abduction latero-
pexy can effectively address this problem because it has
been already demonstrated in cases of bilateral vocal fold
immobility.’®*"* An adequately wide glottic gap can
therefore be produced with this minimally invasive proce-
dure after total cricoidectomy.

The laryngotracheal mucosa is difficult to anasto-
mose due to the narrow surgical access. That is why the
use of the soft stent is placed within the upper airway
but only for a short postoperative interval. It also helps
to keep the unstable arytenoids separated, obviating the
need to use a Montgomery T-tube (e.g., The Montgomery
Safe-T-Tube; Boston Medical Products, MA). The effec-
tiveness of this approach is demonstrated by the results
of the respiratory function tests. Some degree of dyspnea
on exertion occurred in all patients. This was especially
in the only female (case 3), whose laryngeal structures
were significantly smaller and whose thyroid lamina had
been resected. All the other patients were able to return
to premorbid activities of daily living.

Swallowing and the prevention of the aspiration are
also important issues. In those patients for whom the
pharyngeal structures remained intact (cases 1, 2, 3,

TABLE IIl.
Functional Results.

Patient 1

Patient 2 Patient 3 Patient 4 Physiological Values

Mean fundamental frequency (Hz) 98,46 134,9 150,1 86,65 Female: 155-334,
male: 85-196
Mean phonation time(s) 412 2,39 3,55 29 10-20
Jitter (%) 7,45 9,36 9,65 8,05 < 1.04
Shimmer (%) 20,86 19,97 19,47 15,24 < 3.81
Harmonics-to-noise ratio (dB) 1,86 4.6 0,48 217 20 <
Voice Handicap Index 14 51 20 25 Min: 0; max: 120
Peak inspiratory flow L/min) 108 134,4 a0 834 -
Quality of Life 9 14 10 12 Min: 6; max: 25
SWAL-QOL 212 167 200 Gastrostomy-dependent Min: 44; max: 220
16 8

Follow-up (month) 38 17

SWAL-QOL: Swallowing Quality of Life.
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radiologically proven, safe swallowing could be achieved
in a reasonable period of time. The results presented
confirm that the mucosa of the arytenoid region can be
preserved by these techniques. The protecting laryngeal
reflex enables an adequate pharyngeal swallowing func-
tion despite the impairment of the glottic motions.
Crumley observed this after partial medial arytenoidec-
tomy as well.** For the patient who required a partial
pharyngectomy (case 4), the widening of the esophageal
introitus such as with a free graft or other flap tech-
nique might still be a possible option in the future to
restore physiological deglutition.

A decline of voice quality was inevitable in these
patients due to the resection of the arytenoid muscles
(cases 1, 2, 4). Despite the whispering voice and the rela-
tively low phonation time, a socially acceptable voice
was maintained in all patients. While accounting for
oncological concerns in radical surgery, it may still be
possible to preserve the muscles attached to the aryte-
noids and the recurrent laryngeal nerve branches. This
could lead to higher voice quality by the preserved
motion of the vocal folds.

CONCLUSION

Total cricoidectomy is an excellent surgical option to
obviate the need for total laryngectomy in cases of large
chondrosarcomas destroying the cricoid cartilage. We
present an easily performed reconstruction option using
local tissues that are well-vascularized, readily avail-
able, and appropriately shaped. This facilitates the crea-
tion of an adequate airway in a single- or two-stage
process, and enables voice preservation and the potential
for safe swallowing. Moreover, this can be achieved in
accordance with the concepts of oncologically sound sur-
gery and only a temporary tracheostomy. This technique
is described for low-grade chondrosarcoma but might be
a reasonable option for other types of cricoid malignaney
or even high-grade subglottic stenosis.
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