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Patients who require laryngectomy usually do not want
to completely or partially lose their larynx. Laryngeal
transplantation (LT) is a composite tissue transplan-
tation from a cadaver to an alive recipient and requires
lifelong immunosuppression in postoperative term. The
aims of LT are breathing without tracheostoma, normal
swallowing, and voice production. To date, only two suc-
cessful complete L'T" have been performed in human de-

Introduction

Organ transplantation is the transfer of a partial
or complete healthy organ from an organ donor
to replace the damaged or absent organ of a re-
cipient. The organ donor may be a living person
or a cadaver. Laryngeal transplantation (LT) is
composite tissue transplantation. Composite tis-
sue transplantations are operations performed to
heal patients with composite tissue loss that im-
pairs body integrity and causes dysfunction, thus
improving their life quality.

LTs involve a short absence of blood circulation
and the possibility of rejection by the recipient;
they also require venous anastomosis and reinner-
vation, as well as immunosuppressive therapies (1,
2). Although organ transplantation is rapidly de-
veloping, it is one of the most controversial issues
in modern medicine. Despite the advanced prac-
tices in this area (such as heart, kidney, and liver
transplantation), transplantations of some organs,
including the face, arm, and hand, are still new.

Moreover, some patients who have esthetic and
functional problems with laryngectomy can also
undergo LT, despite the necessity for immuno-
suppressive treatment for the rest of their lives (4).
In other words, LT can be an alternative for im-
proving life quality in patients undergoing laryn-
gectomy (5). Patients with the indication of laryn-
gectomy usually do not want to lose their larynxes
partially or completely. McNeil et al. (3) reported
that when patients who were offered choices of
radiotherapy or laryngectomy were told that they
had a higher chance of survival with laryngectomy,
20% of the patients preferred radiotherapy. Pot-
ter and Brichall (4) conducted a study where they
surveyed members of the National Association of

spite many researches. The requirement of post-transplant
immunosuppressive treatment has ethical concern for the
larynx, which is a non-vital organ. However, LT may be
an option for improving the quality of life of patients un-
dergoing laryngectomy. In this study, we discussed the LT
procedure and researches with the literature.
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Laryngectomy Clubs; they found that 75% of pa-
tients would accept L'I' under ideal conditions and
that most patients would prefer LT of laryngec-
tomy to a life without the larynx. It was observed
that younger patients’ attitudes toward LT were
more positive. In a study conducted by Buiret et
al. (6) on laryngectomy patients in I’Association
Nationale des Mutiles de la Voix, it was found
that 63% of patients (most younger than 59 years)
found LT acceptable despite its medical limitations
(duration of hospitalization of at least one year and
monitoring by the transplant center for years) and
functional risks (permanent cannula, unguaran-
teed laryngeal sound, or unguaranteed functional
swallowing). Monaco (7), a doctor studying organ
transplantation, also underwent laryngectomy; she
stated in her article that “if I were 40 years old 1
would probably consider undergoing the operation

myself.”

The concept of LT in human beings began with
studies conducted on animal models by Boles, Ogu-
ra, and Silver (8).The first L'T in a human being was
performed by Kluykens and Ringoir (9); the tissue
was transplanted from a 40-year-old cadaver to a
62-year-old patient with laryngeal cancer on Febru-
ary 10, 1969.This transplantation was performed by
protecting the perichondrium of the recipient and
maintaining the subtotality and revascularization of
the donor organ. Because patients were lost due to
rapid tumor recurrence (8 months after operation),
studies on LT were stopped for approximately 20
years (8). In 1987, Strome began to study total L'T
and suggested four important concepts for success-
ful transplantation. These include revascularization,
reinnervation, rejection, and ethical concerns that
can result from the transplantation of the larynx,
which is a non-vital organ. Finally, the first total LT
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in a human being was performed by Marshall Strome on January
4,1998 (8). Although LT case series have been reported from
Colombia, there is no clear information regarding their results
and techniques (10).

'The ultimate goal of LT is to provide respiration without tra-
cheostomy, normal swallowing, and sound production. The lar-
ynx transplanted for this aim must provide adequate vocal cord
adduction, abduction (for respiration and sound), and laryngeal
elevation (for swallowing). Moreover, to prevent aspiration, the
sensory function must be obtained at the level at which it can
be recognized that food and secretions are in the larynx. The
quality of sound that is produced by a transplanted larynx is not
obviously different from the patient’s previous quality of sound.
Because the accent of the patient is formed by the lips, cheek,
tongue, and palate (articulators), it must be expected that the
accent will not greatly change. On the other hand, fine motor
control is necessary for obtaining prosodic features including
speech rhythm, stress, and tonation (11).

It is important to assess a patient who is thought to be a candi-
date for LT from a psychosocial aspect. To reduce risks related
to an impaired immune system, the patient should understand
the lifelong immunosuppression risk. In addition, the patient’s
compliance to postoperative drug therapy and changes in his/
her ongoing behavioral patterns should be carefully checked
(11). To date, laryngeal, tracheal, and facial transplantations in
the head—neck region have been successfully performed. Laryn-
geal and facial transplantations are vascularized composite tissue
transplantations, and they require immunosuppression. Immu-
nosuppressive therapies carry an important risk for secondary
malignancy as well as nephrotoxic and hepatotoxic effects. The
transplantation of a non-vital organ, such as the larynx, in pa-
tients with head and neck cancer will increase the risks of cancer
recurrence or secondary malignancy (12). Therefore, the fact that
the larynx requires immunosuppressive treatment after trans-
plantation can create concern from an ethical perspective (13).

Clinical and Research Effects

The first successful total LT in a human being was performed
by Marshall Strome and his team at the Cleveland Clinic on
January 4, 1998 (Cleveland, Ohio, USA).

The First Total LT Patient and Donor

The first total LT was performed on a 40-year-old aphonic pa-
tient with a damaged larynx and pharynx due to a motorcycle
accident that occurred 20 years previously (Timothy Heidler).
'The patient underwent a permanent tracheotomy and also expe-
rienced losses in taste and smell perception. The patient used an
electrolarynx for speaking. A donor larynx was found 6 months
later. The donor was a 40-year-old non-smoker who died due to
a ruptured cerebral aneurysm and who did not have any other
diseases (14). The entire pharyngolaryngeal complex, including
six tracheal rings as well as the thyroid and parotid glands, was
removed with related vascular structures from the donor.
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Applied Surgical Procedure

First, the laryngeal vein and nerves were revealed during the op-
eration. The right superior thyroid artery of the donor was anas-
tomosed to that of the patient. The proximal end of the donor’s
right internal jugular vein was anastomosed to the common fa-
cial vein of the patient. The distal end of the donor’s jugular vein
was sutured to itself. Then a narrow-field laryngectomy was ap-
plied to the recipient patient, and the trachea was removed with
the upper half of the stoma. The thyroid gland of the recipient
was divided and repositioned toward the lateral sides. The hyoid
bone of the patient was not altered to contribute to laryngeal
elevation. The narrow pharynx of the patient was expanded, and
fixation and elevation were provided by placing three perma-
nent sutures between the patient’s hyoid bone and the donor’s
thyroid cartilage. The donor’s tracheal rings were sutured on the
patient’s, and a new stoma was formed at a higher level. The
left superior thyroid arteries were anastomosed tip to tip. The
left middle thyroid vein of the transplant was anastomosed to
the recipient’s left internal jugular vein. Both superior laryngeal
nerves and the right recurrent nerve of the transplant were su-
tured to those of the recipient. The left laryngeal nerve of the
patient could not be identified due to existing scar tissues.

Postoperative Course

The tracheostomy tube and drains were removed on the first
postoperative day. The existing permanent tracheotomy of the
patient was converted into a new stoma by using tracheal rings
transplanted from the donor during the operation; thus, it could
be decannulated in the early postoperative period. Furthermore,
direct postoperative application of glycopyrrolate and atropine
decreased salivary secretion and provided early decanulation.
Until he learned to swallow, the patient was fed by gastrostomy
for 14 weeks. One week after the operation, morumonab, cyc-
losporine, methylprednisolone, and mycophenolate mofetil were
given. The first rejection attack was observed in the 15® post-
operative month. This attack was controlled with a high dose of
prednisone (14). The second rejection attack occurred six years

after L'T, in 2003.

Sound production was impaired, and an endoscopy revealed
edema in the epiglottis and glottis. Improvement was obtained
by supplying intravenous salmeterol (15). On the third postop-
erative day, the patient said his first word (“hello”) in 20 years.
Electromyography (EMG) confirmed that both the vocal cords
and cricothyroid muscles were reinnervated. In the subjective
and objective evaluation of phonation 16 weeks after LT, it was
found to be near normal. In the 36®™ month, speech character-
istics were within normal intervals. In the third postoperative
month, the supraglottis and vocal cords became sensitive to
touch, and a cough reflex was observed. No solid and fluid as-
piration was observed in the barium swallow test. The taste and
smell perception of the patient were regained. The serum calci-
um, phosphate, and thyroid hormone levels of the patient were
found to be normal (14).
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The Second Total LT Patient and Donor

The second LT was performed by a team directed by Grego-
ry Farwell at the University of California (UC) Davis Medical
Center on October 13,2010 (Sacramento, California, USA). A
52-year-old female patient (Brenda Charett Jensen) underwent
laryngeal, thyroid gland, and tracheal transplantation. Before
the transplantation, Brenda could not speak or breathe normal-
ly, and her airway was affected due to previous operations. She
was completely dependent on permanent tracheotomy. She used
an electrolarynx for speaking. A person who died at the age of
38 years due to anoxic arrest, who did not have any other health
problems, was chosen as the donor. The laryngoscopy result was
evaluated to be normal.

Applied Surgical Procedure

A 6-cm segment was removed from the larynx, thyroid gland,
and trachea of the donor. The donor’s larynx, thyroid, parathyroid
glands, and large supply veins, including the supraaortic truncus,
were removed. The superior and inferior laryngeal nerves were
removed as they were isolated from the surrounding tissues. The
recipient underwent a narrow field laryngectomy in preparation
for transplantation. The distal trachea was not removed so that
a proper tracheostomy might be applied in the event that the
transplantation failed (16).

The patient’s right superior thyroid artery, bilateral transverse
cervical arteries, and bilateral internal jugular veins were pre-
pared for microanastomosis. The diameter of the left superior
thyroid artery was approximately 1 mm, and it was determined
to be too small for anastomosis. The thyroid gland was divid-
ed and adjusted at the level of the inferior thyroid artery. Both
superior laryngeal nerves, the recurrent laryngeal nerves, the
left phrenic nerve, and the ansa cervicalis were isolated. First of
all, the donor’s right superior thyroid artery was anastomosed
end-laterally to the patient’s right superior artery, and the do-
nor’s right brachiocephalic vein was anastomosed end-laterally
to the recipient’s right inferior jugular vein. Then, on the right
side, the transverse artery of the recipient was anastomosed to
the donor’s inferior thyroid artery. The bilateral superior and
recurrent laryngeal nerves of the donor and patient were anas-
tomosed with microneurography. The donor’s thyroid cartilage
was sutured to the patient’s hyoid bone with 2-0 polypropyl-
ene material to provide laryngeal suspension (16). Finally, an
end-lateral anastomosis was made between the donor’s left re-
current laryngeal nerve and the patient’s left phrenic nerve. Af-
ter the recipient’s larynx was removed, eight tracheal rings were
anastomosed with the larynx while preventing the occurrence
of tension.

Postoperative Course

'The patient underwent rehabilitation for 2 months after the op-
eration, which lasted 18 hours. Brenda re-learned to speak and
swallow after LT. She regained her perceptions of taste and smell
after many years. Brenda’s voice was similar to her own, not that
of the donor. Because Brenda had undergone a kidney-pancreas

Turk Arch Otorhinolaryngol 2015; 53: 128-32

transplantation four years previously (in 2006), and thus was a
transplant patient, she was already receiving immunosuppressive
therapy with tacrolimus and leflunomide. For LT immunosup-
pression, anti-thymocyte globulin (rabbit), methylprednisolone,
tacrolimus, and mikofenolate were initiated. Rejection attack
was not observed in the patient. Brenda remained in the hospital
for four weeks after LT. On the 13th postoperative day (October
29, 2010), the patient began to say her first words in 11 years.
Brenda said that this operation restored her life; she felt lucky
to have this opportunity, and she was thankful to the donor and
the family. The sound that she produced at first was similar to a
caw, but understandable, which made her smile. When she was
discharged from the hospital on November 11,2010, the state of
her health was quite good (17).

Immunosuppressive Therapy After LT

At present, one of the most important problems related to LT is
immunosuppressive treatment. Lifelong immunosuppression is
applied after all transplantation procedures. Current immuno-
suppressive protocols can provide a rate of graft viability above
90% within the first year after the transplantation. Studies have
shown that rejection can be efficiently prevented by a regime
of alemtuzumab (a single dose on the day of transplantation)
and tacrolimus (long term), and long-term viability of the trans-
planted larynx can be enabled.

Hemilaryngeal Transplantation

Andrews et al. (18) emphasized that there was no ideal meth-
od for the reconstruction of hemilaryngeal defects because any
autologous flap or graft cannot replace the unique structural
features of the larynx; therefore, they performed hemilaryngeal
transplantation in the canine model. According to Andrews et
al. (18), optimal phonation occurs when both vocal cords have
similar muscle and mucosal features. As a result of the recon-
struction of hemilaryngeal defects, the residual vocal cord vi-
brates the opposite pseudo-cord formed by the mucosa, carti-
lage, or myofascial flaps. In this way, an adequate airway can be
obtained and aspiration can be prevented; however, phonation
cannot be produced sufficiently.

'The procedure of hemilaryngeal transplantation in the canine
model by Andrews et al. (18), briefly, consisted of reinnervating
the donor’s thyroarytenoid muscle using the anterior branch of
the recurrent laryngeal nerve and providing arytenoid adduc-
tion. After hemilaryngeal transplantation, immunosuppressive
treatment was given, including azathioprine, cyclosporine and
prednisone.

'The details of the technique were as follows. First, the recipient
animal was prepared. In the left side, the true vocal cord, ven-
tricle, false vocal cord, intrinsic muscles, arytenoid cartilage, and
anterior 2/3 of the thyroid cartilage were removed. In the do-
nor animal, the hyoid venous arcus and the external jugular vein
in the left side were protected for the graft to provide venous
drainage. The cranial thyroid artery, which is a branch of the
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common carotid artery, was also protected. The thyroarytenoid
branch of the recurrent laryngeal nerve was identified, marked,
and excised. As defined, mucosal, muscle, and cartilage incisions
were performed. The donor’s left hemilarynx was ligated from
the superior and inferior cranial thyroid branches of the com-
mon carotid artery and removed. The external jugular vein was
ligated from the distal venous branches of the hyoid arcus and
removed. Then the donor’s hemilarynx was placed into the re-
cipient’s bed, and arterial circulation was provided through end-
to-end anastomosis of the common carotid artery. After that,
the external jugular veins were anastomosed end-to-end. The
recipient’s recurrent laryngeal nerve anterior branch was anas-
tomosed to the donor’s thyroarytenoid branch. Other intrinsic
laryngeal muscles were not reinnervated. Arytenoid adduction
was provided by fixating the donor’s arytenoid to the recipient’s
cricoid. Internal mucosal and external perichondrial sutures
were then used for closing. In the stimulated EMG, the trans-
planted thyroarytenoid muscle was observed to be contracted
due to stimulation (18).

Andrews et al. (18) reported that hemilaryngeal transplanta-
tion was a good example of partial organ transplantation, and
results comparable with the performance of known techniques
could be obtained for vertical hemilaryngectomy reconstruction.
'They emphasized that the most important limitation of LT in
human beings was cancer recurrence, second primary cancer,
or infection-induced complications due to immunosuppressive
treatment.

Related to Donors

It has been reported that studies on laryngotracheal transplan-
tation in human beings have been performed in Colombia since
2002. In a study in which 25 larynx and trachea donors were
examined in Colombia, the organs of five donors were designat-
ed for further study; seven were not used because their laryngo-
scopic examinations were abnormal. Thirteen donors were eval-
uated to be suitable for transplantation, and 13 laryngotracheal
transplantations were performed. The mean age of these 13 do-
nors was 27.2+7.9 years, and all of them died from head trauma.
All were male, and 12 were multiorgan donors. Three donors
had used tobacco, and two donors had used marijuana. One pa-
tient had a history of asthma. Rejection attack was observed in
two patients, and the graft viability rate was approximately 90%
over two years. Only one patient died due to a stroke that oc-
curred during the operation (10).

Duque et al. (10) defined the criteria that must be used for the
identification of appropriate donors as follows:

1) Age between 18 and 50 years

2) Gender and ABO blood type match between the donor and
recipient

3) No use of tobacco, cocaine, cocaine paste, or marijuana

4) A history of tracheal intubation shorter than three days

5) Length of stay in the intensive care unit shorter than seven

days
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Negative Views about LT

Birchall and Macchiarini (19) stated that LT was performed
in the human body only once, although studies on LT had
been conducted for approximately 40 years. They pointed out
that some points, such as the success rate of reinnervation, the
cost of the procedure, and immunosuppressive treatment, must
be considered before beginning new detailed clinical studies.
Moreover, it was stated that although patients who underwent
laryngectomy due to cancer were the primary targets, immuno-
suppression involved high risk for these patients and that some
ethical problems could occur.

Conclusion

There are many ongoing experimental studies on LI. The re-
sults for patients having undergone LI are highly encouraging.
Studies have revealed that patients who have undergone total
laryngectomy due to trauma and benign or low-staged malig-
nant diseases are proper candidates for LT (11). It is assumed
that patients with advanced local diseases or recurrent laryngeal
malignancy are not proper candidates for LT due to the high
risk of the development of secondary cancer. The most restric-
tive factors for LT' may be non-immunological side effects and
chronic immunosuppressive therapies that can negatively affect
cancer rates (20). Because LT can be necessary for patients hav-
ing undergone total laryngectomy due to advanced stage cancer,
immunosuppressive therapies that do not increase malignancy
potential should be developed in the future. In addition, despite
success at various rates, further studies should be performed on
selective reinnervation in the larynx that will be transplanted.
Because all functions of the larynx cannot be regained with con-
ventional reconstruction techniques and prostheses, increasing
life quality through LT is important in patients with irrevers-
ible laryngeal disease. Successful implementation of solid organ
transplantation, such as the heart, liver, and kidney, has contrib-
uted to improvement in immunological and surgical techniques.
Moreover, the fact that recent arm and face transplantations
can be performed without a need for intense immunosuppres-
sive therapy suggests that the same successful implementation
also occur in LT. While knowledge on LT is increasing daily,
there are still many questions to be answered. For this purpose,
more comprehensive clinical and laboratory studies should be
conducted. In conclusion, the transplantations of organs that
increase life quality as well as of vital organs should be made
acceptable to patients.
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