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Objective: To evaluate the use of tracheal autotrans-
plantation for reconstruction of the hemilaryngectomy
defect that includes the hemicricoid cartilage and re-
sults from resection of laryngeal or hypopharyngeal
cancer.

Design: The clinical records of 28 patients undergoing
primary or salvage hemicrico-hemilaryngectomy for la-
ryngeal (26 patients) and pyriform sinus (2 patients) can-
cer were analyzed for function and local control.

Setting: Academic center.

Patients: Case series review of 28 consecutive patients
treated during a 31⁄2-year period who had an average fol-
low-up period of 19 months.

Intervention: Twenty-five men and 3 women, aged from
28 to 79 years, underwent a hemilaryngectomy that in-
cluded the hemicricoid cartilage, the ipsilateral thyroid
lobe, and a unilateral or bilateral lymph node dissec-
tion. In 26 patients, these extensive defects were recon-
structed with a tracheal autotransplantation that re-
stored the larynx at the glottic and subglottic levels. In 2

patients, the defect was converted into a total laryngec-
tomy because of tumor extension beyond the resection
margins of a hemicrico-hemilaryngectomy.

Main Outcome Measures: The times to decannula-
tion and retake of full oral feeding, the quality of speech,
and the incidence and site of recurrent cancer were as-
sessed.

Results: Of the 26 patients undergoing tracheal auto-
transplantation, 24 were decannulated and all regained
the ability to maintain nutrition by mouth. Ultimate voice
quality was “subnormal” to “moderately hoarse” in all
patients. Five recurrences developed of which 2 were
treated with total laryngectomy.

Conclusions: Functional reconstruction of extensive la-
ryngeal defects can be achieved with an autotransplan-
tation of cervical trachea, with favorable functional re-
sults and acceptable morbidity. This technique expands
the limits of conservation surgery for selected laryngeal
and hypopharyngeal tumors.
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T HE TOP of the cricoid carti-
lage serves as the lower line
of resection in conven-
tional vertical hemilaryn-
gectomy1 and in the vari-

ous forms of supracricoid laryngectomy2 in
which the cricoid cartilage and at least one
arytenoid have to be preserved. Because of
the caudal resection margin, laryngeal tu-
mors with subglottic extension to the level
of the cricoid and hypopharyngeal tumors
extending to the apex of the pyriform si-
nus are contraindications for conserva-
tion laryngectomy. The currently used con-
servation procedures have their critical
margin posteriorly because the cricoid plate
lies only a few millimeters below the pos-

terior glottic level. Unilateral T3 glottic tu-
mors with subglottic extension and/or ary-
tenoid cartilage fixation and pyriform sinus
tumors extending to the apex of the pyri-
form sinus necessitate an ipsilateral resec-
tion of the cricoid.3 Cricoid resection is in-
compatible with decannulation, and a total
or near-total laryngectomy with a perma-
nent tracheostomy is the indicated surgi-
cal treatment for most of these tumors.

Tracheal autotransplantation,
described in 1998 as a “laryngeal recon-
structive technique,” allows for recon-
struction of full height cricoid defects.4,5

This technique augments the indica-
tions for conservation laryngectomy by
moving the caudal resection margin
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from the top to the lower edge of the cricoid cartilage
at the side of the tumor. The technique involves a
2-stage procedure of cervical tracheal revascularization
by wrapping the trachea in a vascularized radial fore-

arm fascia flap and subsequent tracheal transplanta-
tion on a newly created vascular pedicle consisting of
the radial artery and vein. This study is focused on
indications, surgical management, and outcome of a

PATIENTS AND METHODS

Twenty-six patients (23 men, 3 women), ranging in age from
28 to 79 years, were diagnosed as having cancer of the vo-
cal fold. Two male patients displayed a tumor of the pyri-
form sinus with extension into the apex.

All of the primary laryngeal tumors were staged T2
(n=6) or T3 (n=20) and the pyriform sinus tumors were
staged T2. The extent of laryngeal or hypopharyngeal in-
volvement is indicated by the defect classification pro-
posed by Urken et al6 (Table 1). All tumors were carci-
nomas with exceptions for patient 8 who displayed a synovial
sarcoma of the right hypopharynx and patient 26 who dis-
played a chondrosarcoma of the left cricoid (Table 2).

Twenty-one patients in this series had received pre-
operative radiotherapy. Two patients received postopera-
tive radiotherapy. The project was approved by the appro-
priate institutional review board and informed consent was
obtained from the patients.

The operation technique was described in detail previ-
ously.4,5 The2-stagetransplantationof thetracheacanbesum-
marizedas follows. Ina first stage, the ipsilateral thyroidgland
with the tracheoesophageal lymphnodesandtheneck lymph
nodes (region1-5 for tumorsof thepyriformsinus, transglot-
tic tumors, and N+ necks; region 2-4 for the T3N0 laryngeal
tumors)are removed.Thecervical trachea,which is intended
to be used for reconstruction of the laryngeal defect, is mobi-
lizedfromtheunderlyingesophaguswithoutdisruptionof the
tracheal continuity. A 4-cm segment of trachea, correspond-
ing with the average height of the posterior larynx, is circum-
ferentially wrapped by a flap consisting of fascia and subcu-
taneous tissue that is obtained from the volar side of the fore-
arm.Theradial forearmfascial flapconsistsofa438-cmpatch
and is axially perfused by the radial artery and vein. The an-
teriorpartof the tracheal segment iswrappedby theproximal
site of the fascial flap, whereas the membranous trachea is
wrapped by the distal site of the fascial flap (Figure 1). The
vascular pedicle of the flap is reanastomosed to the superior
thyroidvessels at the tumorsidewith restorationof theblood
supply to the flap. During a 14-day period, the fascial flap
progressively perfuses the enfolded tracheal segment. Since
this flapisburiedandinaccessible,aproximalmonitoringskin
paddle is harvested and placed in a cutaneous suture line to
assess the vascular supply during the postoperative period.

After 14 days, the neck is reopened, and the primary
tumor is resected. The hemicrico-hemilaryngectomy in-
cludes the thyroid cartilage, the paraglottic space, the cri-
coid and arytenoid cartilage, and the true and false vocal folds
at the tumor side. The contralateral anterior half of the mem-
branous vocal fold and the anterior third of the contralat-
eral thyroid cartilage were also resected if the tumor reached
the anterior commissure (Figure 2A). Also, this resection
allowed for removal of the medial and lateral wall of 1 pyri-
form sinus. Selected pyriform sinus tumors that involve
the pyriform sinus apex can be resected with inclusion of
the hemicricoid cartilage as long as the hypopharyngeal
mucosa can be closed primarily (Figure 2B). In these

resections, the upper portions of the epiglottis, hyoid bone,
and the contralateral cricoid and arytenoid were spared. In
our series, the anterior commissure was resected in 16 pa-
tients. The anterior section line was located in the anterior
commissure because of tumor location in the pyriform si-
nus in 2 patients and because of uninvolved anterior site of
the vocal folds in the other 14 patients. The presence of in-
terarytenoid spread was an important contraindication.

Patient 19 had a transglottic lesion with the epicenter
in the right ventricle. He underwent a resection involving
a right hemicrico-hemilaryngectomy in combination with
a supraglottic laryngectomy. This intervention resulted in
the resection of the ipsilateral thyroid, cricoid, and para-
glottic space in combination with the whole epiglottis and
preepiglottic space. The full length of the uninvolved vo-
cal fold was preserved (Figure 2C).

After obtaining safe tumor margins, the cervical tra-
chea wrapped by the fascial flap was completely isolated
from the airway on its newly created fascial vascular pedicle.
The tracheal segment was transformed into a patch by re-
moving the dorsal membranous trachea (Figure 1).

After transformation of the tracheal tube into a tra-
cheal patch, the tracheal autotransplant patch was dis-
placed upward and sutured into the laryngeal defect. At the
glottic level, we tried to obtain a patch position compa-
rable to a unilateral laryngeal paralysis with the vocal fold
immobilized close to the midline (Figure 3).

After insetting the patch, the mediastinal trachea was
mobilized and sutured to the reconstructed cricoid carti-
lage. This end-to-end anastomosis was left open anteri-
orly. A tracheostome was formed by suturing the skin to-
ward the anterior airway defect and a cuffed Shiley cannula
was placed in the tracheostome.

After combined hemicrico-hemilaryngectomy with su-
praglottic laryngectomy (patient 19), the tracheal auto-
transplant patch was used to transform the laryngeal rem-
nant into a classic supraglottic laryngectomy with one
hemilarynx immobilized close to the midline. The closure
was perfomed by creating a pexy between reconstructed
laryngeal remnant and hyoid bone superiorly.

After 5 days, the Shiley cannula was removed and the
patient started swallowing under supervision of the speech
therapist. Voicing was stimulated by thumb closure of the
tracheostome. The anterior tracheostome without can-
nula progressively diminished and the remaining tracheo-
stome was closed under local anesthesia several weeks af-
ter the patient was discharged from hospital (Figure 4).7

All patients were functionally studied. After closure
of the tracheostomy, voice quality was expressed as be-
longing to a group with “moderately hoarse” (from “near
normal” to “breathy but easily understandable”) voices (rate
1). Rate 2 was defined as a poor voice (whispering, aphonic).
The regaining of the swallowing function was expressed
in terms of the number of postoperative weeks to reach full
oral intake. Use of the oronasal airway was expressed as
the number of weeks needed postoperatively to close the
tracheostome. A computed tomographic image of the lar-
ynx was obtained 2 months postoperatively.
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series of 28 consecutive patients treated using the
technique of tracheal autotransplantation.

RESULTS

MORBIDITY

All of the patients were discharged from hospital
between the 2 operation stages except for patient 3
who could not be extubated and had to stay in the
intensive care unit for 2 weeks. Patient 14 had a flap
failure after the first operation stage because of non-
salvageable thrombosis of the arterial anastomosis and
needed to undergo a second forearm fascial flap.
Patient 21 showed a flap failure after the second
operation. In this patient, the venous anastomosis of
the fascial flap was damaged during reelevation of the
skin flaps. The fascial flap and the tracheal patch dis-
played venous congestion during the operation and
the fascial flap showed evolution toward complete
avascularity during the following days. Two days after
the second operation, a reintervention was planned and
the avascular fascial flap was removed. A pectoralis
major muscle was transferred to the neck in an attempt
to save the tracheal patch (Figure 5A). We did not
succeed in salvage patch revascularization and the
patient showed evolution to a laryngeal stenosis (Fig-
ure 5B). Currently, the functional status of this patient
is comparable to a near-total laryngectomy with a neo-
larynx that may be used for voicing but with a definitive
tracheostome for respiration. Conservation laryngec-
tomy seemed impossible during the second operation
stage in patient 17 because of a positive margin posteri-
orly and in patient 20 because of a positive margin at
the contralateral arytenoid.

RESPIRATION

Twenty-four patients were ultimately decannulated.
One patient (patient 21) had laryngeal stenosis after
patch necrosis and 1 patient (patient 22) underwent a
total laryngectomy because of persistent aspiration. On
average, the tracheostomy was closed after 62 days
(range, 28-140 days). The tracheal patch provided the
optimal reconstructive tissue to restore the glottic and
subglottic airway lumen (Figure 6). Tracheostomy
closure was delayed because of prolonged aspiration
(.10 weeks) in patients 1, 7, and 16. Their tracheosto-
mies were closed after solving the aspiration problem.
Tracheostomy closure was delayed in 1 patient (patient
11) because of substenosis at the level of the tracheos-
tome. His tracheostome was closed along with an aug-
mentation tracheoplasty.

SWALLOWING

Normal swallowing was achieved in 22 patients by the
second postoperative month. Three patients (patients 1,
7, and 16) had a delay in regaining full oral feeding be-
cause of unfavorable morphologic conditions at the glot-
tic level with a glottic patch that was placed too laterally
with resulting glottic insufficiency. To obtain a better glot-

tic closure, we decided to do a medialization laryngo-
plasty under local anaesthesia in these 3 patients. There-
fore, the anterior suture between the patch and laryngeal
remnant was reopened and the posteroanterior length of
the patch was reduced under direct visual control of glot-
tic closure during speech and swallowing (Figure 4 and
Figure 7). After this intervention, prompt recovery of
the swallowing function was noted.

Patient 22 underwent a total laryngectomy because
of persistent aspiration. Initially, he was able to restart
oral feeding during the first weeks after tracheal trans-
plantation. Then, aspiration became worse and we noted
a fixation of the remaining arytenoid cartilage with in-
complete closure of the reconstructed glottis. A total lar-
yngectomy was performed 2 months after tracheal trans-
plantation. Resection of 1 pyriform sinus (patient 8) had
no influence on swallowing function indicating that 1 in-
tact hemilarynx with corresponding pyriform sinus is
sufficient to allow for preservation of laryngeal functions
(Figure 2B and Figure 8).

VOICE

Most patients had a voice that was moderately hoarse
and easily understandable and for simplicity, no fur-
ther gradations were made into this group (rate 1). In
these patients, the glottic morphologic features at the
glottic level was comparable to a laryngeal paralysis in

Table 1. Classification Scheme
for Defects of the Laryngopharynx*

Designation Description

Cartilage
Cricoid

C0 No defect of cricoid
C1 Defect of upper border of hemicricoid
C2 Defect of entire hemicricoid

Thyroid
Th0 No defect of thyroid
Th1 Hemithyroid defect
Th2 Upper half of thyroid cartilage
Th3 Three quarters resection of thyroid cartilage

Epiglottis
Ep0 No defect of epiglottis
Ep1 Half of the epiglottis (vertical)
Ep2 Defect of suprahyoid epiglottis
Ep3 Defect of infrahyoid epiglottis

Vocal Cords
VC0 No defect of vocal cords
VC1 Defect of unilateral anterior half of the

membranous cord
VC2 Defect of posterior half of the membranous cord

including vocal process
VC3 Defect of body of arytenoid

Hypopharyngeal
HP0 No defect of hypopharyngeal mucosa
HP1 Defect of pyriform sinus, apex intact
HP2 Defect of pyriform sinus, apex involved

Neurologic Defects
SLN Superior laryngeal nerve
RLN Recurrent laryngeal nerve

*Reprinted with permission from the ARCHIVES.6
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the median position (Figure 9A). Computed tomo-
graphic images at the glottic level during phonation
showed that the most complete closure was obtained
in the posterior glottis (Figure 9B). Rate 2 (poor,
aphonic) voices were heard in patients 1, 7, and 16
who had aspiration problems and in patient 14. The
postreconstruction computed tomographic images of
these patients corresponded to a patch that was
located too laterally at the glottic level. After patch
medialization in patients 1, 7, and 16, it was noted
that not only the swallowing function improved sub-
stantially but also that the voice quality improved
from rate 2 (poor) to rate 1 (near normal to moder-
ately hoarse). Patient 14 underwent a similar interven-
tion and also had improved voice quality from rate 2
to rate 1.

ONCOLOGICAL RESULTS

In most patients, the tumor was resected with safe
margins. After a mean follow-up period of 19 months,
23 patients were free of tumor. Five patients had a

local recurrence. Two patients (patients 9 and 10)
were salvaged by performing a total laryngectomy.
Three patients (patients 12 through 14) could not be
treated curatively.

COMMENT

Tracheal autotransplantation allows for conservation
laryngectomy for unilateral glottic tumors with aryte-
noid cartilage fixation and infraglottic tumor extension
reaching the upper border of the cricoid cartilage, 2
major contraindications for all classic conservation pro-
cedures.1,2 Optimal functional results are reached when
the patch is positioned in the exact location. A morpho-
logic and functional situtation comparable to a unilat-
eral paralysis in the midline is reached when the antero-
posterior patch length at the glottic level approaches
the length of the vocal fold measured between anterior
and posterior commissures. In our series, the patch was
too long at the glottic level in 4 patients with resulting
glottic insufficiency. In these cases, a reduction proce-
dure was necessary to improve the posteroanterior

Table 2. Defect Analysis and Functional Results*

Patient No./
Sex/Age, y TNM Location

RT
Status

Defect Classification†

Nerve

Date of Operation Stage

Cricoid Thyroid Epiglottis VC Hypopharynx 1 2

1/M/54 T2N2 Pyriform
sinus

Postop C2 Th1 Ep0 VC 123R HP2 RLN September 5, 1996 September 19, 1996

2/M/70 T3N0 Glottis Preop C2 Th1 Ep0 VC 1RL, 2L, 3L HP0 RLN October 30, 1996 November 19, 1996
3/M/61 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2L, 3L HP0 RLN December 2, 1996 December 23, 1996
4/M/62 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2R, 3R HP0 RLN December 30, 1996 January 16, 1997
5/M/56 T3N0 Glottis None C2 Th1-3 Ep0 VC 1RL, 2L, 3L HP0 RLN April 1, 1997 April 17, 1997
6/M/78 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2R, 3R HP0 RLN August 26, 1997 September 29, 1997
7/M/79 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, R, 3R HP0 RLN October 20, 1997 November 6, 1997
8/M/28 T2N0 Pyriform

sinus
None C2 Th1 Ep0 VC 123R HP2 RLN November 6, 1997 November 20, 1997

9/M/61 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2L, 3L HP0 RLN November 17, 1997 December 1, 1997
10/M/61 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2R, 3R HP0 RLN January 26, 1998 February 12, 1998
11/M/55 T3N0 Glottis None C2 Th1-3 Ep0 VC 1RL, 2L, 3L HP0 RLN February 25, 1998 March 24, 1998
12/M/57 T2N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2R, 3R HP0 RLN April 16, 1998 May 13, 1998
13/M/73 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2R, 3R HP0 RLN May 18, 1998 June 4, 1998
14/F/67 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2L, 3L HP0 RLN May 11, 1998 June 8, 1998

May 25, 1998
15/M/78 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2R, 3R HP0 RLN July 27, 1998 August 13, 1998
16/M/72 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2L, 3L HP0 RLN August 17, 1998 September 2, 1998
17/M/78 T3N0 Glottis Preop . . . . . . . . . . . . . . . . . . August 12, 1998 . . .
18/M/72 T3N0 Glottis Preop C2 Th1-3 Ep0 VC 1, 2, 3R HP0 RLN September 2, 1998 September 16, 1998
19/M/55 T3N0 Transglottis None C2 Th1 Ep2, 3 VC 1, 2, 3R HP0 RLN/

SLN
October 5, 1998 October 19, 1998

20/F/47 T3N2 Transglottis Postop . . . . . . . . . . . . . . . . . . January 7, 1999 . . .
21/M/65 T2N0 Glottis Preop C2 Th1 Ep0 VC 1, 2, 3R HP0 RLN January 28, 1999 February 15, 1999
22/M/74 T3N0 Glottis Preop C2 Th1 Ep0 VC 1, 2, 3R HP0 RLN April 7, 1999 April 22, 1999
23/M/68 T3N0 Glottis Preop C2 Th1 Ep0 VC 1, 2, 3R HP0 RLN April 15, 1999 May 5, 1999
24/M/75 T2N0 Glottis Preop C2 Th1 Ep0 VC 1, 2, 3R HP0 RLN April 19, 1999 May 3, 1999
25/M/45 T2N0 Glottis Preop C2 Th1 Ep0 VC 1, 2, 3R HP0 RLN August 25, 1999 September 9, 1999
26/F/53 T3N0 Cricoid None C2 Th1 Ep0 VC 1, 2, 3R HP0 RLN September 2, 1999 September 22, 1999
27/M/74 T2N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2L, 3L HP0 RLN December 2, 1999 December 16, 1999
28/M/56 T2N0 Glottis Preop C2 Th1-3 Ep0 VC 1RL, 2R, 3R HP0 RLN January 10, 2000 January 27, 2000

*RT indicates radiotherapy; VC, vocal cords; TS, tracheostomy; Postop, postoperative; RLN, recurrent laryngeal nerve; NED, no evidence of disease;
LR, local recurrence; ellipses, not applicable; and SLN, right and left superior laryngeal nerve.

†See Table 1 for explanation of the classifications.
‡Voice ratings are as follows: 2 indicates poor (whispering, aphonic); 1, near normal to moderately hoarse (breathy but easily understandable), and 2→1, better

than a 2 but not quite a 1.
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patch length. A reduction of the patch length turned
out to be a minor procedure under local anaesthesia.
Therefore, our current policy is to take a posteroante-
rior patch length that is similar or slightly bigger than
the posteroanterior length of the vocal fold measured
from the anterior to posterior commissures. If incom-
plete glottic closure is encountered, then a reduction
laryngoplasty at the time of closure of the tracheostomy
is performed.

More patch length can be included at the subglot-
tic level to create a reliable airway lumen. Patches of
revascularized cervical trachea are far superior to all
other reconstruction techniques in building up an air-
way lumen. Immediate airway support is reached when
the patch is sutured to the laryngeal remnant. There
is no need to use a stent and healing of the cartilaginous
margins is unnecessary for obtaining a stable air-
way lumen. The tracheal transplantation patch has
an unique position in the repair of hemicrico-hemi-
laryngectomy defects. Other reports on reconstructive
techniques after resection of a hemicricoid were rather
sporadic.3 The largest series of decannulated patients
after hemicrico-hemilaryngectomy was reported by

Urken et al6 making use of a sensate radial forearm flap
in combination with rib cartilage for repair of the hypo-
pharynx and infrastructure of the larynx. This tech-
nique was designed to functionally reconstruct the lar-
ynx and the depth of the pyriform sinus after resection
of pyriform sinus tumors. The technique is indicated in
cases with extensive hypopharyngeal extension so that
primary pharyngeal closure becomes impossible. In our
technique, no reconstruction of the hypopharynx was
performed so that only the defect that could be closed
primarily (ie, the apex-involved defect of the pyriform
sinus) was combined with the technique of tracheal
autotransplantation.

A 2-stage procedure is necessary to obtain safe
revascularization of the tracheal transplant. The fact
that the autotransplantation technique occurs in 2
stages has its advantages and disadvantages. From a
reconstructive viewpoint, the 2 stages contribute to the
safety of the procedure. In cases of failure of the radial
forearm flap, a second flap can be obtained without
compromising the vitality of the unique tracheal trans-
plant. The trachea will not become necrotic even in
cases of flap failure because the preserved, intrinsic
mucosal vascularity of the trachea is sufficient after the
first operation stage. The risk to compromise of the vas-
cularity of the transplanted trachea during the second
stage is very low because no manipulation of the vascu-
lar pedicle of the radial forearm flap is necessary during
the transplantation stage. The venous anastomosis was
damaged during the second operation in 1 patient. This
turned out to be a serious complication with loss of
the tracheal transplant. Since we had this complication,
we routinely place an additional polytef (Gore-Tex)

A
P

D

PO

Figure 1. Revascularized cervical trachea. Computed tomographic image of
cervical trachea between both operation stages. The fascial flap is visible as
a radiolucent band around the trachea. The radiopaque area on top of the
fascial flap (arrow) represents a polytef (Gore-Tex) membrane that is placed
over the fascial flap to prevent adhesions between the flap and surrounding
tissue. Another polytef sheet is placed between the fascia and neck vessels
(arrowhead). The vascular pedicle is reanastomosed to the neck vessels on
the left side. This design is suitable for a laryngeal reconstruction at the left
side. The distal end of the fascial flap is incised and the membranous trachea
is removed to transform the tube into a patch.The posteroanterior length of
the patch can further be reduced at its anterior site. P indicates proximal site
of the fascial flap; D, distal site of the fascial flap; A, anterior site of the
tracheal patch (this site is sutured to the anterior site of the laryngeal
remnant); Po, posterior site of the tracheal patch (this site is sutured to
the posterior site of the laryngeal remnant).

Outcome Data

Disease Status
Time to

Eating, wk
Time to TS
Closure, wk Voice Rating‡

18 20 2→1 NED

8 10 1 NED
3 6 1 NED
2 4 1 NED
6 10 1 NED
4 8 1 NED

12 15 2→1 NED
2 10 1 NED

3 5 1 LR
1 5 1 LR
2 20 1 NED
2 8 1 LR
2 10 1 LR
2 10 2→1 LR

3 10 1 NED
10 14 2→1 NED
. . . . . . . . . NED

2 10 1 NED
2 4 1 NED

. . . . . . . . . NED
3 . . . 1 NED

. . . . . . . . . . . .
4 6 1 NED
6 7 1 NED
2 5 1 NED
1 5 1 NED
3 5 1 NED
2 5 1 NED
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A
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C

Figure 2. Resection specimen. A, Resection specimen after removal of T3 glottic cancer with defect classification C2 Th1-3 Ep0 VC1RL, 2L, 3L (where C indicates
cricoid; RL, right left; L, left). HP indicates hypopharynx; Th, thyroid; Ep, epiglottis; VC, vocal cords. The anterior third of the contralateral vocal fold and thyroid
cartilage (arrows) is also resected because the tumor reaches the anterior commissure. Scale is in centimeters. B, Resection specimen of patient 8 (defect
classification: C2 Th1 Ep0 VC123R HP2). The submucosal located synovial sarcoma (arrowheads) was resected by removal of the ipsilateral thyroid, vocal folds,
cricoid, and pyriform sinus. The opposite vocal fold was completely preserved. Scale is in inches. C, Resection specimen of patient 19 (defect classification:
C2 Th1 Ep2,3 VC123R). Transglottic cancer with extension to subglottic (arrows) and supraglottic (arrowheads) areas. Scale is in inches.

A B

Figure 3. Schematic presentation of reconstruction at the glottic level.
A, Hemicricolaryngectomy with 1 intact vocal fold. The optimal
reconstruction is provided by a patch connecting the posterior and anterior
commissures. The tracheal patch has to be unfolded to bring its outer
convexity into a paramedial position. The intermediate position is indicated
by an x and is defined as the medial edge of the arytenoid during quiet
breathing. B, Hemicricolaryngectomy including the anterior commissure.
The optimal reconstruction is provided by a patch connecting the posterior
commissure and the anterior section margin. The outer extent of the patch
convexity has to be located medially of the paramedian position.

Figure 4. Closure of tracheostomy. Outlining of skin flaps. The tracheostome is
closed several weeks after the tracheal transplantation following the “trough
principle.”7 Skin flaps around the tracheostome are incised and inverted; the
lower and upper skin flaps are sutured over the skin-lined tracheostome. The
monitor flap is removed simultaneously. The anteroposterior length of the
tracheal patch can be shortened during tracheostomy closure in cases of
persistent aspiration or aphonic voice. Therefore, the anterior suture line
between the patch and native larynx is reopened (dotted line). Movement of
the preserved vocal fold can be visualized from below and the patch can be
shortened until optimal glottic closure is obtained (see also Figure 7).
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