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Abstract

Objective: To present surgical technique and treatment outcomes after extended open partial laryngectomy with
titanium-based laryngeal framework reconstruction performed on 8 patients with T2-T3 squamous cell cancer of larynx.

Method: To evaluate respiratory, phoniatric and swallowing function of larynx, titanium plate tolerance and cancer
treatment outcomes 3 years after used operating procedure.

Results: The procedure was uneventful and the airflow through the reconstructed part of the larynx was undisturbed
in all cases. The titanium plate ensured airway patency and was well tolerated, except for one case, where it was
explanted due to proliferation of granulation tissue on the skin over the plate. The anterior wall did not collapse
following device explantation. Phoniatric evaluation demonstrated no social impact of patient vocal handicap. 5 patients
reported mild vocal disability and 3 moderate vocal disabilities in the Voice Handicap Index. None of them developed
dysphagia. Most patients reported high and very high swallowing-related quality-of-life in the M.D. Anderson Dysphagia
Inventory (mean score of 79). Complete laryngectomy was performed in 2 patients due to local recurrence and cervical
lymphadenectomy with subsequent radiotherapy was performed in 1 patient due to regional recurrence.

Conclusion: Extended open partial laryngectomy with titanium-based laryngeal framework reconstruction may
be one of way of treatment of intermediate-stage laryngeal cancer, especially with a limited endoscopic access to the
tumor or suspected thyroid cartilage infiltration, which preserves physiological laryngeal function. This cancer stage is

an indication for complete laryngectomy, so the procedure represents organ sparing approach.
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Introduction

Squamous cell carcinoma of the larynx constitutes 48% of all
malignant head and neck cancers, excluding skin cancer [1-5]. In
Poland, it accounts for approximately 2.7% of overall cancer morbidity
in males and 0.4% in females [6]. Most cases originate in the glottis and
the risk in males is eight times as high as in females [1-4].

Current trends in laryngeal surgery involve organ-sparing
approaches, which do not impair it basic physiology, preserving the
respiratory, phonation and swallowing function [2,3,6-13]. Such
approach can be safely assumed when planning endoscopic laser, open
partial laryngectomy or radiotherapy [1,4,7-15]. Treatment choices
depend on the presence of local and regional tumor spread and its
distant metastases [1,11]. In early tumors, clinical efficacy of surgery is
comparable to the one of radiotherapy. However, radiotherapy cannot be
repeated, so the surgery, which can be used as monotherapy or as a part
of combined treatment, for instance followed by subsequent radiation
therapy, appears a reasonable alternative [1-3,11].

There are many different types of open partial laryngectomies. We can
divide them into two main groups: vertical partial laryngectomies (VPL)
and open partial horizontal laryngectomies (OPHL) [1,4,5,11,14,16-18].
There are different types of reconstructions for different types of tumor
localizations. The Sedlacek-Kambic-Tucker epiglottic reconstruction
after vertical partial laryngectomy or are those of the most complicated
examples [2,14-16].

Laryngeal reconstruction should restore laryngeal framework
stability, undisturbed airflow and epithelial regrowth. It should also
ensure sufficient speech quality, while not causing dysphagia [7,19].
Titanium and titanium alloys are currently the most commonly used

prosthetic material in medicine. Apart from the ENT surgery, they are
well known in general surgery, orthopaedics or maxillofacial surgery
[20-27]. Such widespread use of titanium can be attributed to its
favorable mechanical properties, corrosive resistance, biocompatibility
and biotolerance [7,28]. Titanium laryngeal framework prostheses can
be a valuable alternative in patients undergoing extended open partial
laryngectomies for intermediate-stage laryngeal cancers with suspected
thyroid cartilage infiltration [7].

Extended open partial laryngectomies undergone in our clinic
are hard to classify. They are combinations of different types of
laryngectomies and possible reconstructions. Different pieces of larynx
are removed in case of cancer infiltrations. Patients with indications to
total laryngectomy have opportunities to preserve larynx.

Materials and Methods

Extended open partial laryngectomy with laryngeal framework
reconstruction using titanium plates was performed in 8 patients with
squamous cell carcinoma of the larynx treated in our Department in
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2014. 2 females and 6 males aged 62-78 years old (mean age of 63
years) were enrolled in the study Tumor size assessment with biopsy
specimen collection for histological diagnosis and staging were carried
out during the direct laryngoscopy at baseline. Additionally, contrast-
enhanced computed tomography of the neck and cervical ultrasound
were performed in all cases in order to determine potential local and
regional tumor spread. All tumors were stage T2-T3 according to AJCC
with a risk of thyroid cartilage infiltration. Functional assessment was
carried out 3 years after the surgery (Table 1).

Surgical technique (Figure 1)

Extended open partial laryngectomy with laryngeal framework
reconstruction using titanium plates under general anaesthesia was
performed in all patients. The Gluck Sorenson U-shaped incision
was preferred, with the symmetrical incision line starting a few cm
below the mastoid process and extending along the anterior insertion
of the sternocleidomastoid muscle. The layer-by-layer dissection was
carried out, so as to create the musculocutaneous flap, involving skin,
subcutaneous tissue, platysma muscle and its supplying blood vessels.
Lifting the flap exposes prelaryngeal muscles, which are then moved to
sides exposing the anterior wall of the larynx. Next, the perichondrium
covering the thyroid cartilage laminae is dissected and pushed aside.

The aim is to preserve intact perichondrium on the lateral and posterior
aspects of the thyroid cartilage. A vertical cut to the thyroid cartilage is
made using the Carlo di Giorgi piezoelectric knife. The design of this cut
depends on tumor location. The larynx is accessed along the median or
paracentral line, contralateral to the tumor location. Laryngeal cartilage
leaflets are pushed aside using Guthrie hooks. As a result, laryngeal
lumen is exposed which ensures its thorough macroscopic assessment.
Owing to the piezoelectric knife design it is possible to remove a
preselected fragment of thyroid cartilage of any shape, together with the
adjacent tumor mass. In case of cancer infiltration epiglottis, true vocal
cords, ventricles, false vocal cords, arytenoids cartilages or subglottic
area could be removed (Table 2). The created tissue defect is then
reconstructed using the thyrohyoid muscle flap. It is essential that the
muscle flap be harvested with the largest possible amount of perimysium.
The muscle fragment prepared that way is then sutured onto the inner
surface of the larynx. Matrix MIDFACE Orbital Floor Mesh Plate 0.2
mm porous malleable titanium prosthesis Synthes, Switzerland is used
for laryngeal framework reconstruction. Prosthesis shape is tailored to
fit the laryngeal anatomy of a given patient. The rectangular titanium
plate is formed to match the shape of laryngeal framework and attached
to the margins of the preserved thyroid cartilage using the delayed
absorbable sutures. Thyroid cartilage resection may concern even

Characteristics HN_SCC Local R(_ecurrence Regional I_Recurrence
patients patients patients

n=8 (%) n=2 (%) n=1 (%)
Sex
Male 6 75 2 25 0 0
Female 2 25 0 1 12,5
Age
Range 62-78
Median 62.00
Tumor site
Larynx and hypopharynx 8 100
Oral cavity 0 0
Clinicopathological characteristics
Tumor size
T1 0 0
T2 3 37.5
T3 5 62.5
T4 0 0
Tumor differentiation
G1 2 25
G2 3 37.5
G3 3 37.5
Nodal involvement
N+ 1 12,5
N- 0 0
Treatment
Tumour resection 7 87.5
Tumour resection+neck dissection 1 12.5
Total laryngectomy 2 25
Radiotherapy 1 12,5
Stage
| 0 0
1] 7 87.5
n 1 12.5
\% 0 0

Table 1: Clinicopathological characteristics ¢ with primary tumours as well as genders and ages and recurrence group.
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1. Thyreidectomy made up
with piezoelectric knife.

3. The pedunculated sterno-thyroid
muscle flap reconstruction.

5.Titanium mesh fixation usingthe
delayed absoable sutures.

Surgical technique

Figure 1: Surgical technique.

2. Thyroid cartilage resection with
infiltrated tissues.

6.F

almost whole thyroid cartilage. In order to ensure its proper function,
the reconstructed laryngeal framework must be isolated from the
lumen of the larynx. Therefore, the musculoadipose flap is prepared
from the previously created musculocutaneous flap. It is inserted
under the titanium laryngeal framework prosthesis thus creating a
barrier between the laryngeal lumen and the prosthesis, which prevents
granulation tissue formation later on. Due to the extensive tissue
excision and potential postoperative oedema a tracheotomy is typically
performed in all patients. It should be accomplished through a separate
incision, so as to minimise potential gateway for implant infection. If
accomplished through the same incision, it should be well separated

from the implanting site. Later, passive wound drains are inserted,
followed by wound closure using single subcutaneous and skin sutures.
Finally, the compression dressing is placed on the postoperative wound.

Laryngeal functional assessment

Respiratory function: The reconstructed vocal fold and airway
patency were assessed at 1 month following primary surgery.
Laryngeal framework and unobstructed airflow, mucous membranes
with potential inflammatory granulation tissue and the structure
of the pseudocord was assessed using Kleinsasser suspension
laryngoscope.
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TUMOUR SITE
NO. OF PATIENTS

REGION OF LARYNX 1 2 3 |4 5
Epiglottis - + - - -
Pre-epiglottis area + + + + -
False Vocal Cord

a. Left +

b.  Right + * + +
Ventricle

a. Left + . +

b. Right + + + +
True Vocal Cord

a. Left - + + +

b. Right + + +
Anterior commissure + - + +
Posterior commissure - - - -
Arytenoid area

a. Left - -

b. Right + + +

Subglottic area - - - - -

RESECTED TISSUES

+ o+ - + + + + + + +
. -
+ - + + + +
+ + +
+ +
+ + + + +
+ + + + + +
- + +
+ + + + +
+ + + + +
+ o+ + + + + + + + + +
+ - - -
+
+ + + + +
+ - - - - - - - + - -

Table 2: Tumour site and resection rage.

Voice function: Phoniatric assessment was carried out in all
patients. It involved laryngostroboscopy using the Storz 70° rigid
laryngoscope with digital image recording using the PC. Due to the
nature of the disease and received treatment, it was impossible to
fully assess the vocal folds. Instead, phoniatric assessment focused
on oscillatory amplitude, marginal shift and oscillation regularity as
compared to the healthy vocal cord. Furthermore, voice recording
and its acoustic analyses were performed using the IRIS software
developed by the students of Wroclaw Technical University. In order
to perform an objective acoustic analysis of vocal fold phonation,
the laryngeal tone was analysed upon producing the long a vowel
[a:]. Using the IRIS software, vocal parameters were assessed, such as
frequency perturbation parameters (Jitter, RAP, PPQ), voice amplitude
(Schimmer, APQ) and the Noise to Harmonic Ratio (NHR), which is
a relative noise parameter. With a patient producing long a vowel (a:),
their voice acoustic intensity (decibels, dB) and maximum phonation
time (seconds, s) were measured. Additionally, phonation was assessed
using self-reported Pruszewicz-modified Voice Handicap Index
(VHI), which consists of questions relative to the three domains of
patient life: functional, emotional and physical. The functional scale
reflects the effect of voice disorder on the quality of professional and
social life. The emotional scale assesses patient feelings regarding their
voice disorder. Finally, the physical scale makes it possible to ascertain
physical symptoms associated with the partial loss of speech organ. The
VHI consists of 30 items with patient circling the most accurate of the
5 possible options. Each item scores 0-4 points, with ‘never” scoring 0
and ‘always’ scoring 4 points. The maximum achievable score is 120.
The patients were classified into one of three groups according to their
scores, with the score of 0 considered to be normal voice, scores of 1
to 30 considered mild vocal handicap, scores of 31-60 considered
moderate vocal handicap and 61-120 considered severe vocal handicap.

Swallowing function: Swallowing function was assessed using
the fiberoendoscopic examination of the swallow (FEES). During the
procedure, the patients were instructed to swallow liquid, semi-liquid and
solid foods to assess the swallowing process using the Fujinon, System 2200
Processor video fiberoscope Fujijon, Japan. The test foods included Braunol-
dyed saline, Nutri-Drink and cottage cheese. In line with Donzelli’s scoring
reduced to 3-point-scale, the patients were classified into one of the three

groups: 1) Pooling in vallecula or pyriform, 2) Laryngeal penetration of
secretions above true vocal cords or 3) Secretions on true vocal cords and/
or tracheal aspiration. Additionally, swallowing function was assessed using
the M.D. Anderson Dysphagia Inventory (MDADI), which is a subjective,
patient self-reported swallowing assessment instrument. In this 20-item
questionnaire the patient chooses the response option which reflects their
swallowing problem in the most accurate manner. Each item is scored with
1-5 points, with ‘strongly agree’ scoring 1 and ‘strongly disagree’ scoring 5
points. The maximum achievable score is 100. Based on their scores, the
patients are classified as having severe (0-40), moderate (41-60) or mild
(60-100) dysphagia.

Cancer treatment outcomes: Local tumour spread was assessed
using direct laryngoscopy one month following surgery and during
subsequent video fiberoscopy procedures. 2 patients underwent total
laryngectomy due to local recurrence. Regional tumor spread was
assessed with cervical ultrasound performed every three months.
1 patient underwent cervical lymphadenectomy and subsequent
radiotherapy due to regional recurrence.

Results

Uneventful surgical procedure was carried out in all cases. In tree-
year follow up, a successful decannulation was successfully performed
in all patients by the end of month 3 postoperatively.

Respiratory function

During the assessment at one month following surgery and
subsequent video endoscopies performed over an average follow-up
of 3 years, no airflow disturbance through the upper respiratory tract
or signs of allergy to titanium used for reconstruction were shown.
No stenosis, acute inflammation or intralaryngeal granulation tissue
was seen at the implantation site. The titanium laryngeal framework
prosthesis had to be explanted in one case due to granulation tissue
growth on the overlying skin. The anterior wall did not collapse
following prosthesis explantation and the airway patency was preserved.
Titanium prosthesis served as laryngeal framework expander. The
remaining patients still live with the prosthesis in place (Figure 2). The
pseudocord reconstructed using the sternothyroideus flap resembled
the actual vocal fold in structure (Figure 3).
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Voice function

In patients after extended open partial laryngectomy, voice
is generated between the pseudocord reconstructed using the
pedunculated sternothyroideus flap and the true vocal fold. Positioning
the pseudocord opposite the true vocal fold enables proper apposition
during phonation. It is difficult to compare the symmetry of oscillation
between the true vocal fold and the pseudocord, due to the inability
of the latter to oscillate independently. Patients with good adduction
and apposition of voice-generating surfaces achieved significantly
better voice quality. Except for asymmetry, the healed reconstructed
pseudocord did not appear substantially different from the true vocal

Figure 2: Post-operative 3D-computed tomography scans reconstruction
(sagittal plane).

cord in macroscopic visualisation. Only after stroboscopic light was
used, the nil-phonation of the implanted flap could have been visualised.
Postoperative voice quality was considered good with patients frequently
not needing any voice rehabilitation. The video laryngostroboscopy
revealed full occlusion at phonation in 5 patients, as compared to semi-
occluded phonation in 3 cases, where the non-occlusion was seen in a
part of the glottis. The maximum phonation time was 10-15 s (median
12 s). Acoustic intensity for whisper fell into the range of 25-40 dB, for
normal speech - of 40-50 dB and for shout - of 30-60 dB. The mean
values of acoustic analyses of laryngeal tone when producing long a
vowel (a:) were as follows: FO 110 Hz, Jitter 1.5%, RAP 1.0%, PPQ 1.01%,
Shimmer 10.1% APQ 6.03% and NHR 18% (Table 3). In the study self-
test failures voice (Pruszewicz- modified Voice Handicap Index) mild
vocal handicap had 3 patients, moderate vocal handicap had 5 patients
and no one had severe vocal handicap (Table 4).

Figure 3: Post-operative 30" day direct laryngoscopy view of the reconstructed
region.

Phoniatric Examination

Occlusion at Phonation

Total 5

Non-total 3

Maximum Phonation Time (seconds) Operastzgrlztlents Averag:osr;asndard

Range 10-15s 20-30s

Median 12s 25s

Acoustic Intensity (dB)

Whisper 25-40 dB 50-55 dB
Normal speech 40-50 dB 60-65 dB
Shout 30-60 dB 80-87 dB

Tone When Producing Long a Vowel a:

The Mean Values of Acoustic Analyses of Laryngeal

Operated Patients Scores

Average Standard Patients Scores

Women Men
FO 110 Hz 250 Hz 120 Hz
Jitter 1.50% 0.9% 0.8%
RAP 1.00% 0.3% 0.2%
PPQ 1.01% 0.4% 0.4%
Shimmer 10.10% 4.7% 4.2%
APQ 6.03% 4.7% 4.5%
NHR 18% 8.1% 7.9%

Table 3: The results phoniatric examination.
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Swallowing function

We did not observe dysphagia when swallowing solid, semi-liquid
or liquid foods during FEES in of 7 our patients, whom we considered to
be Dongzelli’s score 1. In 1 case, Donzelli’s score 3 dysphagia was present
when swallowing liquids, which was not confirmed when swallowing
semi-liquid or solid foods (score 1) (Table 5). Assessed with MDADI,
most patients were found to have very high swallowing-related quality-
of-life (Table 6). Their MDADI scores were 77, 77, 78, 79, 79, 80, 80 and
82, respectively, with the mean score of 79.

Cancer treatment outcomes

2 patients (2 males) underwent total laryngectomy due to local
recurrence. 1 patient (1 female) underwent cervical lymphadenectomy
and subsequent radiotherapy due to regional recurrence. Patient non-
compliance (by smoking or alcohol abuse) was confirmed in all cases of
recurrence (Table 1).

Discussion

The first attempts to perform laryngeal reconstruction using
titanium prosthesis were made our Department in the 1990’s, when
the available titanium devices were thick and poorly malleable. Our
first patient, who had a 2 mm thick titanium device implanted due to
postoperative laryngeal stenosis, is still alive, with his titanium device in
place. In a 20 year follow-up, we have not observed device intolerance.
It provided optimum laryngeal framework support and acted as an
expander, preventing recurrent stenosis, ensuring airway patency and

The results of the study self-test failures voice (Pruszewicz-modified Voice
Handicap Index)

Score Number of patients (%)

0-30 mild vocal handicap 3 (37.5%)
31-60 moderate vocal handicap 5 (62.5%)
61-120 severe vocal handicap 0 (0%)

Table 4: The results of the study self-test failures voice (Pruszewicz-modified Voice
Handicap Index).

The results of the Donzelli's score dysphagia

Number of patients (%)

Test Food
Score Braunol- '\ i prink COttage
dyed saline cheese
1
o _ 7(83%) | 8(100%) = 8(100%)
Pooling in vallecula or pyriform
2
Laryngeal penetration of secretions| 0 (0%) 0(0%) 0(0%)
above true vocal cords
3
Secretions on true vocal cords and/| 1 (17%) 0(0%) 0(0%)

or tracheal aspiration

Table 5: The results of the Donzelli's score dysphagia.

The results of the M.D. Anderson Dysphagia Inventory (MDADI scale)

Score Number of patients (%)
0-40 R
Severe dysphagia 0(0%)
31-60 R
Moderate dysphagia 0 (0%)
61-100 6 (100%)

Mild dysphagia
Table 6: The results of M.D. Anderson dysphagia inventory.

good respiratory function. Currently, the development of medical
technology has allowed for the titanium elements to be manufactured
in any shape, size, thickness and with improved medical properties.
The literature search yields several reports of titanium-based airway
reconstruction and their functional outcomes [7,29-31].

Schultz et al. performed a histological analysis of titanium tolerance
following laryngeal reconstruction in rats and confirmed good
mechanical stability, negligible inflammatory response as well as good
tissue proliferation and vascularisation of explanted titanium prostheses
[29]. Similarly, histological evaluation of explanted titanium prosthesis
in one of our patients showed its good tolerance, with effective tissue
proliferation into the prosthesis and the absence of inflammatory
tissue. Furthermore, it was stable enough to ensure proper laryngeal
framework in the absence of natural thyroid cartilage. This confirms
the findings by Schultz et al. [29] who argue that titanium prostheses
make good long-term restoration material for upper respiratory tract
reconstruction.

Balasubramanian et al. reported cricoid cartilage reconstruction
using a pedunculated radial forearm flap and a titanium plate following
thyroid cancer resection. They achieved good functional outcomes with
patent airways, showing only a minimum risk of plate exposure and
rejection by the host, due to biointegration of titanium with adjacent
tissues, which we confirmed in our patients [31].

Yanagihara et al. used Nitinol for treating tracheal stenosis in
patients with invasive tracheal cancer. They confirmed that the self-
expanding titanium and nickel alloy stent offered high flexibility and
durability, sufficient to preserve the primary shape of the reconstructed
organ. Additionally, they noticed that titanium structure prevented
tumor proliferation into the prosthesis [32]. This was not confirmed by
our findings, since our patients with cancer recurrence presented with
malignant infiltrations involving the titanium prosthesis.

Liu et al. described the reconstruction technique using titanium
mesh after frontolateral vertical partial laryngectomy in selected cases
of T2-T3 glottic cancer, which resembles ours the most. All their
patients had preserved respiratory function with some dysphonia
and without dysphagia. No local or regional recurrence observed in
the long-term follow up and titanium was assessed as good prosthetic
material for laryngeal framework reconstruction [7]. Our technique,
however, additionally involves separation of titanium prosthesis from
the laryngeal lumen using the fasciocutaneous flap, which minimises
the risk of granulation tissue formation with subsequent postoperative
stenosis. Furthermore, using the piezoelectric knife improves surgical
precision, since it is possible to remove any shape of thyroid cartilage.
Titanium prosthesis is then fitted individually to match the laryngeal
defect, which ensures its appropriate reconstruction. Finally, our
patients have pseudofold reconstruction performed routinely in order
to improve postoperative QoL through better phonation.

Conclusion

Extended open partial laryngectomy with titanium-based laryngeal
framework reconstruction is a good treatment of intermediate-stage
laryngeal cancer, especially with a limited endoscopic access to the
tumor or suspected thyroid cartilage infiltration, which offers optimum
functional outcomes. This cancer stage is an indication for total
laryngectomy, so the procedure represents organ sparing approach and
offers the patients preserved laryngeal function. Thin titanium plates,
porous and malleable enough to be fitted individually to match the
laryngeal defect, enable successful laryngeal framework reconstruction.
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