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Abstract: Background: Tracheoesophageal speech with a voice prosthesis is considered the reha-
bilitation treatment of choice in laryngectomized patients. The main reasons for prosthesis failure
are endoprosthetic leakage and periprosthetic leakage. The Provox XtraSeal® stent incorporates an
additional double flange on the esophageal side to prevent periprosthetic leakage. The objective of
this study is to compare the duration and costs of the Provox Vega® and Provox XtraSeal® prosthe-
ses used in these patients in a tertiary university hospital. Materials and methods: A prospective
crossover case study of laryngectomees with Provox Vega® who underwent Provox XtraSeal® place-
ment due to recurrent periprosthetic leaks and decreased theoretical prosthesis life. The duration
and possible factors affecting voice prostheses were studied using Kaplan–Meier curves and Cox
regression. A cost-effectiveness analysis was carried out from the perspective of the Spanish National
Health System with an incremental cost-effectiveness calculation. Results: A total of 38 patients were
recruited, 35 men and 3 women, with a mean age of 66.26 ± 9.36 years old. Information was collected
from 551 voice prostheses, 484 Provox Vega® and 68 Provox XtraSeal®. The mean duration of Provox
Vega® was 119.75 ± 148.8 days and that of Provox XtraSeal® was 181.99 ± 166.07 days (p = 0.002).
The most frequent reason for replacement was endoprosthetic leakage in both groups: 283 (60.86%) in
the case of Provox Vega® and 29 (48.33%) in that of XtraSeal® (p < 0.000). To obtain no cost differences
(ICE ~ 0) between Provox Vega and Provox XtraSeal, the latter should cost EUR 551.63. Conclusions:
The Provox XtraSeal® is a cost-effective option in patients with increased prosthesis replacements
due to periprosthetic leakage, reducing the number of replacements, increasing the duration of the
prosthesis, and providing savings compared to Provox Vega®.
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1. Introduction

Tracheoesophageal voice with voice prosthesis is the most common method of vocal
rehabilitation after total laryngectomy [1]. This technique involves the placement of a
one-way valve, typically a silicone or Teflon voice prosthesis (VP), between the trachea and
the esophagus to allow air to enter the esophagus, which is then shaped into speech sounds
by the pharyngoesophageal segment. Despite the high success rates, TEP is associated with
several complications, such as VP leakage, which affects up to 30% of patients and can lead
to impaired speech, social isolation, and decreased quality of life [2].

Periprosthetic leakage is one of the most common and most difficult complications to
treat and is typically associated with enlargement of the tracheoesophageal puncture (TEP)
that leads to the aspiration of saliva, liquid, and/or food, which flows around the voice
prosthesis (VP) into the trachea and lungs. Therefore, an enlarged TEP increases the risk of
pneumonia and respiratory complications due to frequent, and sometimes silent, aspiration
around the VP [3]. Reduced tissue elasticity and retraction, as well as TEP enlargement
itself, also increase the likelihood of spontaneous VP dislodgement and, subsequent, aspi-
ration. While problems, such as crust formation, fungal proliferation, and endoprosthetic
leakage, can be resolved simply by cleaning or replacing the prosthesis, periprosthetic
leakage and TEP enlargement can be more challenging problems for physicians and can
significantly reduce the quality of life of affected patients due to the high risk of aspiration
and associated morbidities, loss of phonatory ability, and increased dependence on the
healthcare system [4].

There is controversy about the factors that can influence the duration of the VP and
the causes of periprosthetic leakage, which have been the subject of continuous study over
the years [5]. In addition to individual predisposition, the influence of various factors
on the duration of the VP and periprosthetic leakage has been discussed in the literature,
including local inflammation or infections of the TEP, tissue atrophy around the fistula as
a late effect of pre- or postoperative radiotherapy or chemoradiotherapy, the diameter or
weight of the VP, the timing of the primary versus secondary TEP, the patient’s nutritional
status, the duration of the follow-up, a continuous history of tobacco exposure, extensive
laryngopharyngeal resection, esophageal stenosis, or the presence of diabetes, hypertension,
lymph node metastasis, thyroid dysfunction, or tumor recurrence.

There appears to be a direct correlation between the incidence of enlarged TEP, sub-
sequent periprosthetic leakage, and pharyngoesophageal reflux disease (PERD) [6]. This
has been confirmed by impedance and pH measurements in several studies. Patients with
PERD had a 2.3 times higher risk of TEP enlargement, with this risk being directly correlated
with the severity of the reflux. Although studies have shown a decrease in the incidence of
enlarged TEF and subsequent periprosthetic leakage, as well as an increase in the duration
of VP in patients treated with antireflux therapy, there is still controversy regarding this
issue [7,8]. However, aspects related to reflux disease that need to be considered include a
higher incidence of episodes in patients undergoing laryngotracheal (LT) surgery and the
possible association of reflux disease with head and neck cancer [9].

Various treatments have been proposed, including surgical closure of the TEP, which
would eliminate problems associated with leakage around the prosthesis, but would also
prevent voice production, negatively affecting the patient’s quality of life. Therefore,
conservative methods, both surgical and non-surgical, that aim to eliminate leaks around
the VP, while preserving functional voice, have gained interest over the years [10–12].
Although various conservative treatments have been proposed, clear guidelines for the
management of this complication do not exist to date [13–15].
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To address this issue, various modifications to VP design have been proposed, such
as the Provox XtraSeal® [16], which seems to reduce periprosthetic leakage and increase
its duration thanks to its double esophageal flange [15]. However, the effectiveness and
cost effectiveness of these newer systems compared to traditional VPs are still under
investigation. Personalized medicine refers to an approach to medical care that takes into
account the unique characteristics of each patient, such as their genetics, medical history,
and lifestyle, to develop personalized treatment plans and care. In theory, this approach
could provide more accurate and effective medical care, as it is based on specific factors of
each patient rather than a general approach. It seems clear that a better understanding of
the factors associated with TEP enlargement will lead to a better assessment, prevention,
and treatment of this complication. Therefore, the main objective of this study is to analyze
the durability of Provox XtraSeal (PVX) versus Provox Vega in patients with an increase in
replacements secondary to periprosthetic leakage. Additionally, as secondary objectives,
the aim is to analyze possible factors influencing the duration of VP, as well as to analyze
the costs of using modified VP, such as Provox XtraSeal.

2. Materials and Methods
2.1. Setting

A cross-over prospective observational study was conducted from September 2015 to
January 2023. The date range corresponds to the period of time between the placement of
the first PVX prosthesis and the last one placed by the department. To minimize bias and
ensure a valid control interval, the study utilized subjects as their own control [17]. The
purpose of these types of studies is to determine whether there were any unusual factors
that may have influenced the event being studied. Only cases were selected, and their
exposures were compared with previous moments that served as a control. This approach
allowed for the control of confounding factors that remained constant throughout the study
and prevented biases in the selection of the controls.

2.2. Patients

The study recruited patients from the Otorhinolaryngology Head and Neck Surgery
Department of a tertiary university hospital. The patients included were laryngectomized
and were being followed up prospectively in a database that collected information on VP
changes and failure causes (Figure 1) [11]. The study only included volunteer participants
who were Provox Vega® users and met specific criteria, including being over 18 years
old, at least 3 months post-total laryngectomy, at least 3 months post-radiotherapy or
chemotherapy (if applicable), at least 3 years of follow-up, treated with proton-pump
inhibitors, and had at least 3 months’ experience using the Provox Vega®. Participants
were excluded if they had medical conditions that prevented them from using the Provox
system, recurrent or metastatic disease, used other phonation methods instead of VP, had
functional incapacity to clean the VP independently, or had impaired cognitive ability. The
study received approval from the hospital’s ethics committee (Registration code 2021/248),
and informed consent was obtained from all participants.

During the study, all patients had an anterograde VP inserted, and their speech was
assessed while the patients used a heat and moisture exchanger device to occlude the stoma
digitally. The evaluation of the patients was conducted by an otolaryngologist and a speech
therapist in all cases, who assessed the cause of the leakage and related complications.
The prostheses were prescribed and used in accordance with the manufacturer’s recom-
mendations, with PVX use criteria indicating an increase in the number of Provox Vega®

replacements due to periprosthetic leakage, which consecutively impacted the theoretical
life of the VP, based on previous literature [11,15].
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Figure 1. Patient selection chart.

2.3. Statistical Analysis

The statistical analysis was conducted using Stata® 14.2 for Windows (StataCorp,
College Station, TX, USA). Two-tailed statistical tests were performed at a 95% confidence
interval. Normality was assessed using the Kolmogorov–Smirnov test, and variances were
tested using the Levene test. The quantitative variables were presented as mean ± standard
deviation (SD) and median. Student’s t-test, Mann–Whitney, ANOVA, or the Kruskal–
Wallis test were employed, as appropriate, to compare the means or medians between
the groups. The qualitative variables were expressed as frequency and percentage, and
the chi-square test, Fisher’s exact test, or appropriate variants were used to determine
the differences between the groups. Kaplan–Meier curves and Cox proportional-hazards
regression with Schoenfeld residuals were used to study the survival and factors that might
impact the VP. The ongoing duration of the VP at the end of the observation period was
right censored, as were the duration of the VPs that remained in situ when the patient was
lost to follow-up or deceased. The event of interest was the replacement of the VP. In the
univariate analyses, a two-sided significance level of 10% was used to select the variables
for inclusion in the multivariate models. The independent variables included age, sex,
type of puncture, pT stage, pN stage, tumor location, tumor stage, and neck dissection, or
complementary treatment with radiotherapy.

2.4. Costs Analysis

The cost-effectiveness analysis (CEA) included the direct medical costs, such as the cost
of the prostheses, which were obtained from the hospital’s economic department (Spanish
Public National Health System, 2023). The cost of each Provox Vega® was EUR 363 and,
for Provox XtraSeal, a range between EUR 400 and EUR 600 was selected depending on
the health center assessed. The surgical procedures, and follow-up visits were excluded in
order to extrapolate the results to other settings. This is because each center uses its own
care protocol, and there is currently no consensus on this subject [13,14].

The expected annual number of VP replacements was estimated using the informa-
tion obtained from the study sample. The incremental cost-effectiveness ratio (ICE) was
calculated by dividing the difference in costs between the PVX and Provox Vega® by the
difference in the expected number of annual VP replacements between the two devices. The
ICE represents the additional cost required to achieve one additional replacement of the
VP with the PVX compared to the Provox Vega®. The expected duration for Provox Vega®,
according to the existing literature [11,15], was 3.5 changes per year. This expected number
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of changes is based on our previous database with an equivalent sample population and
should, therefore, accurately reflect the reality of the duration of both VPs.

3. Results
3.1. Descriptive Analysis

A total of 38 patients were recruited, 35 men and 3 women, with a mean age of 66.26
± 9.36 years old. Information was collected on 551 voice prostheses, 483 Provox Vega® and
68 Provox XtraSeal®. The remaining collected variables are described in Table 1, with the
reference unit being the prosthesis. Significant differences were found in the multivariate
analysis when comparing Provox Vega to PVX regarding radiation therapy (p = 0.006), right
neck dissection (p = 0.000), and the laterality of the cervical dissection (p = 0.012).

Table 1. Descriptive analysis, taking the prosthesis as a reference.

Provox Vega % Provox XtraSeal % Total % p-Value

Radiotherapy

Yes 215 46.24 39 65.00 254 48.38
0.006

No 250 53.76 21 35.00 271 51.62

TEP

Primary 274 58.92 41 68.33 315 60.00
0.161

Secondary 191 41.08 19 31.67 210 40.00

Neck dissection

No 85 18.28 9 15.00 94 17.90

0.012Unilateral 69 14.84 18 30.00 87 16.57

Bilateral 311 66.88 33 55.00 344 65.52

Left neck dissection

No 120 25.81 21 35.00 141 26.86

0.117Functional 323 69.46 34 56.67 357 68.00

Radical 22 4.73 5 8.33 27 5.14

Right neck dissection

No 119 25.59 15 24.19 134 25.43

0.000Functional 337 72.47 38 61.29 375 71.16

Radical 9 1.94 9 14.52 18 3.42

Tumor location

Glottic 103 22.15 17 28.33 126 22.83

0.624
Supraglottic 157 33.76 16 26.67 179 32.43

Transglottic 126 27.10 16 26.67 149 26.99

Hypopharynx 79 16.99 11 18.33 98 17.75

pT stage

T1 33 7.10 5 8.33 40 7.25

0.859
T2 61 13.12 10 16.67 76 13.77

T3 240 51.61 29 48.33 278 50.36

T4a 131 28.17 16 26.67 158 28.62
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Table 1. Cont.

Provox Vega % Provox XtraSeal % Total % p-Value

pN stage

N0 302 64.95 40 66.67 357 64.67

0.576

N1 52 11.18 3 5.00 58 10.51

N2a 15 3.23 3 5.00 21 3.80

N2b 62 13.33 9 15.00 74 13.41

N2c 6 1.29 0 0.00 7 1.27

N3b 28 6.02 5 8.33 35 6.34

Tumor stage

I 24 5.16 1 1.67 26 4.71

0.152

II 23 4.95 3 5.00 27 4.89

III 159 34.19 23 38.33 187 33.88

IV A 204 43.87 20 33.33 237 42.93

IV B 55 11.83 13 21.67 75 13.59

3.2. Replacement Reasons

A total of 525 prosthesis replacements were evaluated, with 465 (88.57%) Provox
Vega and 60 (11.43%) Provox XtraSeal. The most common reason for replacement in both
types of voice prosthesis was endoprosthesis leakage (n = 312; 59.43%), with 283 (60.86%)
instances occurring with Provox Vega and 29 (48.33%) with Provox XtraSeal. All reasons
for replacement were documented. The second most frequent reason for replacement was
periprosthetic leakage in Provox Vega (n = 97; 20.86%), compared to extrusion in Provox
XtraSeal (n = 17; 28.33%). Significant differences were found in the distribution of the
replacement reasons, according to the type of voice prosthesis (p = 0.000). The remaining
reasons for voice prosthesis replacement are summarized in Table 2.

Table 2. Voice prosthesis replacement reasons (p = 0.000).

Provox Vega % Provox XtraSeal % Total %

Endoprosthetic 283 60.86 29 48.33 312 59.43

Periprosthetic 97 20.86 7 11.67 104 19.81

Fungic colonization 10 2.15 1 1.67 11 2.10

Extrusion 46 9.89 17 28.33 63 12.00

Peri + Endoprosthetic 16 3.44 1 1.67 17 3.24

Deterioration 0 0.00 2 3.33 2 0.38

No phonation 13 2.80 3 5.00 16 3.05

Total 465 88.57 60 11.43 525

3.3. Duration and Multivariate Cox Proportional Hazards Regression Analysis

The mean duration of the Provox Vega® was 119.75 ± 148.8 days (median: 73 days),
while that of Provox XtraSeal® was 181.99 ± 166.07 days (median: 159 days) (p = 0.002).
The prosthetic duration curves can be seen in Figure 2.
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After analyzing possible interactions between the variables, confounding factors, and
performing the likelihood-ratio test, the resulting multivariate model included the type
of prosthesis, gender, age, tumor location, tumor stage, and type of cervical dissection
performed. The multivariate Cox analysis (Table 3) showed that Provox XtraSeal was a
protective factor against replacement (p = 0.003), as well as the female gender (p = 0.000), cer-
vical dissection compared to no dissection (unilateral or bilateral, p = 0.000), age (p = 0.013),
and tumor stage. The supraglottic location appeared to be a contributing factor to prosthesis
replacement (p = 0.005).

Table 3. Multivariate Cox regression model.

Hazard Ratio Standard Error p-Value 95%CI

XtraSeal 0.66 0.09 0.003 0.5 0.87

Secondary TEP 0.9 0.09 0.297 0.98 1

Neck dissection

Unilateral 0.5 0.1 0.000 0.33 0.73

Bilateral 0.51 0.08 0.000 0.37 0.69

Tumor stage

II 0.13 0.08 0.000 0.04 0.43

III 0.5 0.24 0.155 0.2 1.3

IVA 0.53 0.23 0.149 0.22 1.26

IVB 0.37 0.2 0.067 0.12 1.07

Location

Supraglottic 1.38 0.21 0.03 1.03 1.86

Transglottic 1.06 0.17 0.684 0.79 1.45

Hypopharynx 0.95 0.22 0.837 0.6 1.51

pT stage

T2 2.21 0.82 0.033 1.07 4.58

T3 1.82 0.66 0.096 0.9 3.68

T4a 0.95 0.22 0.486 0.61 2.78

Age 0.99 0.01 0.104 0.97 0.99



J. Pers. Med. 2023, 13, 1064 8 of 12

3.4. Cost-Effectiveness Analysis

The annual replacement rates for the VP were 3.05 for Provox Vega, and 2.01 for
Provox XtraSeal. In the case of Provox Vega, this rate represents a 12.8% decrease in the
number of predicted replacements based on previous literature [11]. In the case of Provox
XtraSeal, it represents a decrease of 42.6%. To obtain no cost differences (ICE ~ 0) between
Provox Vega and Provox XtraSeal, the latter should cost EUR 551.63 (Table 4).

Table 4. Cost-effectiveness analysis targeting equal cost between Provox Vega and XtraSeal.

Provox Vega Provox XtraSeal

Changes per year
Predicted [11,18] 3.50 3.50

Outcome 3.05 2.05

Effectiveness
0.45 1.49

1.04

Price (EUR)

Predicted [11,18] 1269.08 1928.55

Outcome EUR 1107.15 1107.14

Difference
−161.93 −821.41

−938.86

Mean cost-effectiveness (MCE) EUR 2481.92 EUR 743.52

Incremental cost-effectiveness (ICE) EUR −0.01

Considering the proposed price range for Provox XtraSeal, between EUR 400 and
EUR 600, the incremental cost-effectiveness ratio (ICE) between the two voice prostheses
was EUR −291.80 for the lower cost scenario, and EUR 93.07 for the higher cost scenario
(Figure 3).
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4. Discussion

In 2016, the Provox® Vega™ XtraSeal™ appeared on the market to treat periprosthetic
leaks and TEP enlargement, incorporating a double flange on the esophageal side of the VP
in order to prevent such leaks and maintain the patient’s ability to communicate. This is
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simply a modification of the Provox Vega in which this second flange is angled, thin and
flexible, improving its adherence to the surface around the tracheoesophageal puncture
tract. Despite the increasingly widespread use of this new type of VP, there are few studies
that support its usefulness in the prevention or treatment of periprosthetic leaks [15]. The
aim of this study was to evaluate the usefulness of PVX in patients with periprosthetic
leaks, as well as to represent the first cost-utility study of this type of device.

Regarding the mean duration of the VP, ranges between 66 and 124 days [11,18,19]
have been reported for Provox Vega®, and 114 and 176 days for Provox XtraSeal® [11,15].
These results corroborate those found in the present study, suggesting that the Provox
XtraSeal® prosthesis is useful in preventing periprosthetic leakage. Regarding the reasons
for replacement, endoprosthetic leakage remains the most frequent cause in both types of
voice prosthesis. Periprosthetic leakage is the second most common reason for replacement
in Provox Vega, which is consistent with previous literature [11,18,20,21]. In the case of PVX,
the second most frequent cause of prosthetic replacement was found to be extrusion, which
is reported in the literature with a range of 3% to 11% [2], relegating periprosthetic leakage
to third position. These findings point to a notable efficacy in reducing periprosthetic
leakage by PVX prosthesis, as well as the correct selection of patients. It has been suggested
that this higher rate of extrusion replacements for PVX may be due to a possible relationship
with the greater technical difficulty when placing [15].

Cost-effectiveness analysis supports the use of PVX as a method to reduce peripros-
thetic leaks, as long as the cost of the PVX remains below EUR 551.63. At a higher cost for
the PVX, its effectiveness in reducing periprosthetic leaks is maintained, but the cost com-
pared to Provox Vega increases. This aspect has been a topic of debate in the field of clinical
management over the years. Cost-effectiveness analysis provides valuable information for
decision-making, as it considers both the costs and effectiveness of interventions. However,
it is important to consider other factors as well, such as patient preferences, clinical out-
comes, and the overall impact on quality of life, when making decisions about the use of
PVX or any other intervention. To evaluate the true benefit of PVX, despite it potentially
being a more expensive intervention, it is necessary to consider the morbidity and costs
associated with an increase in periprosthetic leaks in a personalized and individualized
approach for each patient. Assessing these factors is crucial in determining the overall
value and cost effectiveness of PVX compared to other options.

Many factors that may influence the rate of prosthesis replacement have been proposed
in different publications; some of them are: radiotherapy treatment, the extent of the
surgery, the time of the tracheoesophageal puncture, the experience of the team, the
presence of a speech therapist expert, age, gastric reflux, nutritional status, or the extent
of nodal involvement [5,6,8,22]. In this regard, our results are in agreement with previous
publications. Despite the lack of statistical significance, age seems to play a protective role
against replacements. One theory is that older age corresponds to less frequent use of the
voice prosthesis, resulting in less deterioration. On the other hand, supraglottic extension,
which involves greater mucosal resection during total laryngectomy, appears to correlate
with a higher number of prosthesis replacements. The other factors found to be protective
in the multivariate analysis (tumor stage, cervical dissection) should be interpreted with
caution. It seems plausible that the lower the tumor stage, the less resection is required, and
the more pharyngeal mucosa remains, thus representing a protective factor. This should
be similar in the case of the pT stage, but in our sample the opposite is true. Lower stages
(pT2) seem statistically to significantly increase the number of replacements. It is important
to note that the study population represents a subgroup with an increased number of
replacements due to periprosthetic leaks and does not constitute a representative sample
of the total laryngectomy patient population with voice prostheses. More studies are
necessary in this line of research to elucidate, with greater precision, the causal relationship
and the effect of these different factors [5,15].

In this study, it was not possible to evaluate radiotherapy as a predisposing factor
for an increased number of replacements or complications at the TEP level, due to the
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differences found between the groups (Table 1). Larger population studies are needed to
draw inferences in this regard. Continuing in this line, an aspect that has received limited
attention in the literature and requires further investigation is the potential influence of
repeated voice prosthesis replacements on TEP and its enlargement. As mentioned earlier,
radiated tissue is atrophic and poorly vascularized. Patients who require a higher number
of replacements than expected may experience microtrauma due to the insertion of a new
voice prosthesis. This unavoidable microtrauma, given the current method of insertion,
could contribute to the development of an enlarged TEP. Further research is needed to
better understand this relationship and its implications for patient care.

Among the strengths of this study is the extensive collection of voice prostheses
through the prospective follow-up, enabling the documentation of all the reasons for
replacement (Table 2). Additionally, this article represents the largest sample of Provox
XtraSeal studied to date. The meticulous selection of patients, who were candidates for
using PVX due to recurrent periprosthetic leaks, is also noteworthy. We consider the
management by an expert team and the appropriate selection of candidates based on their
comorbidities to be important factors contributing to the study’s strength [13,14].

The present study has some limitations, such as its observational design and the low
number of patients included in the PVX group, which may be attributed to the strict patient
selection criteria. The data may not be easily generalized to other populations due to
the lack of representativeness, differences in management protocols across hospitals or
countries, and variations in the experience of the medical teams. Another limitation to the
present study stems from the use of cost-effectiveness analysis, which is often criticized
for its subjectivity in defining the measures of effectiveness. It might be worth considering
cost-utility research to obtain results using a widely known and utilized unit of effect,
such as quality of life. However, this would require the implementation of specific and
validated questionnaires for this particular patient population, which are not routinely
used in clinical practice or research [23–25].

5. Conclusions

This study represents an important contribution to the literature, as it is the first
prospective case-crossover study comparing Provox Vega® and Provox XtraSeal® voice
prostheses. The long-term follow-up, multivariate regression analysis, and cost-effectiveness
analysis performed in this study provide robust evidence.

The results of the study strongly suggest that the Provox XtraSeal® prosthesis is
effective in preventing periprosthetic leakage compared to Provox Vega®. This finding
supports the use of Provox XtraSeal® in patients who require frequent prosthesis changes
due to periprosthetic leakage. By reducing the number of changes needed, the Provox
XtraSeal® prosthesis offers a cost-effective alternative.

The positive cost-effectiveness relationship of the Provox XtraSeal® prosthesis implies
that the benefits gained from using this prosthesis outweigh the associated costs. This is
particularly relevant for patients who experience recurrent periprosthetic leakage, as the
Provox XtraSeal® prosthesis can help minimize the need for frequent replacements and the
associated costs.

Overall, the findings in this study provide valuable evidence supporting the efficacy
and cost effectiveness of the Provox XtraSeal® prosthesis as a suitable option for patients
requiring frequent changes due to periprosthetic leakage.

Author Contributions: P.R.-L. and M.M.-Y. contributed equally to the study and have to be joined
as co-senior authors. Conceptualization, M.M.-Y., I.C.-V. and P.R.-L.; methodology, M.M.-Y., L.A.V.
and A.M.; validation, I.C.-V., J.R.L. and C.M.C.-E.; formal analysis, M.M.-Y. and P.R.-L.; investigation,
M.M.-Y., P.R.-L. and I.C.-V.; writing—original draft preparation, M.M.-Y. and P.R.-L.; writing—review
and editing, C.M.C.-E., J.R.L., L.A.V., A.M. and I.C.-V.; supervision, M.M.-Y. and C.M.C.-E. All authors
have read and agreed to the published version of the manuscript.



J. Pers. Med. 2023, 13, 1064 11 of 12

Funding: The costs of the CPA were covered by Fundación Profesor Nóvoa Santos (Hospital Teresa
Herrera, 1ª Planta. C/Xubias de Arriba, No. 84, 15006, A Coruña).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Ethics Committee (protocol code 2021/248).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data available on request due to restrictions, e.g., privacy or ethical.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lorenz, K.J. Rehabilitation after Total Laryngectomy—A Tribute to the Pioneers of Voice Restoration in the Last Two Centuries.

Front. Med. 2017, 4, 81. [CrossRef] [PubMed]
2. Hutcheson, K.A.; Lewin, J.S.; Sturgis, E.M.; Kapadia, A.; Risser, J. Enlarged Tracheoesophageal Puncture after Total Laryngectomy:

A Systematic Review and Meta-Analysis. Head Neck 2011, 33, 20–30. [CrossRef] [PubMed]
3. Hutcheson, K.A.; Lewin, J.S.; Sturgis, E.M.; Risser, J. Outcomes and Adverse Events of Enlarged Tracheoesophageal Puncture

after Total Laryngectomy. Laryngoscope 2011, 121, 1455–1461. [CrossRef] [PubMed]
4. Lorenz, K.J. The Development and Treatment of Periprosthetic Leakage after Prosthetic Voice Restoration: A Literature Review

and Personal Experience. Part II: Conservative and Surgical Management. Eur. Arch. Oto-Rhino-Laryngol. 2015, 272, 661–672.
[CrossRef]

5. Hutcheson, K.A.; Lewin, J.S.; Sturgis, E.M.; Risser, J. Multivariable Analysis of Risk Factors for Enlargement of the Tracheoe-
sophageal Puncture After Total Laryngectomy. Head Neck 2012, 34, 557–567. [CrossRef]

6. Lorenz, K.J. The Development and Treatment of Periprosthetic Leakage after Prosthetic Voice Restoration. A Literature Review
and Personal Experience Part I: The Development of Periprosthetic Leakage. Eur. Arch. Oto-Rhino-Laryngol. 2015, 272, 641–659.
[CrossRef]

7. Danic Hadzibegovic, A.; Kozmar, A.; Hadzibegovic, I.; Prgomet, D.; Danic, D. Influence of Proton Pump Inhibitor Therapy on
Occurrence of Voice Prosthesis Complications. Eur. Arch. Oto-Rhino-Laryngol. 2020, 277, 1177–1184. [CrossRef]

8. Cocuzza, S.; Bonfiglio, M.; Chiaramonte, R.; Aprile, G.; Mistretta, A.; Grosso, G.; Serra, A. Gastroesophageal Reflux Disease and
Postlaryngectomy Tracheoesophageal Fistula. Eur. Arch. Oto-Rhino-Laryngol. 2012, 269, 1483–1488. [CrossRef]

9. Coca-Pelaz, A.; Rodrigo, J.P.; Takes, R.P.; Silver, C.E.; Paccagnella, D.; Rinaldo, A.; Hinni, M.L.; Ferlito, A. Relationship between
Reflux and Laryngeal Cancer. Head Neck 2013, 35, 1814–1818. [CrossRef]

10. Hilgers, F.J.M.; Soolsma, J.; Ackerstaff, A.H.; Balm, F.J.M.; Tan, I.B.; van den Brekel, M.W.M. A Thin Tracheal Silicone Washer to
Solve Periprosthetic Leakage in Laryngectomies: Direct Results and Long-Term Clinical Effects. Laryngoscope 2008, 118, 640–645.
[CrossRef]

11. Mayo-Yáñez, M.; Cabo-Varela, I.; Suanzes-Hernández, J.; Calvo-Henríquez, C.; Chiesa-Estomba, C.; Herranz González-Botas, J.
Use of Double Flange Voice Prosthesis for Periprosthetic Leakage in Laryngectomised Patients: A Prospective Case-Crossover
Study. Clin. Otolaryngol. 2020, 45, 389–393. [CrossRef] [PubMed]

12. Mayo-Yáñez, M.; Ramos-Neble, M.D.; Cabo-Varela, I.; Chiesa-Estomba, C.M.; Lechien, J.R.; Fakhry, N.; Maniaci, A.; Hutcheson,
K.A. Tissue Augmentation Treatment for Periprosthetic Leakage in Patients Who Have Undergone a Total Laryngectomy: A
Systematic Review. Clin. Otolaryngol. 2023, 48, 515–526. [CrossRef] [PubMed]

13. Parrilla, C.; Longobardi, Y.; Galli, J.; Rigante, M.; Paludetti, G.; Bussu, F.; Scarano, E. Periprosthetic Leakage in Tracheoesophageal
Prosthesis: Proposal of a Standardized Therapeutic Algorithm. Otolaryngol. Neck Surg. 2021, 165, 446–454. [CrossRef]

14. Mayo-Yáñez, M.; Vaira, L.A.; Lechien, J.R.; Chiesa-Estomba, C.M.; Calvo-Henríquez, C.M.; Chiesa-Estomba, C.M.; Calvo-
Henríquez, C.; Cabo-Varela, I. Commentary on Periprosthetic Leakage in Tracheoesophageal Prosthesis: Proposal of a Standard-
ized Therapeutic Algorithm. Otolaryngol. Neck Surg. 2022, 167, 799–801. [CrossRef] [PubMed]

15. Mayo-Yáñez, M.; Cabo-Varela, I.; Calvo-Henríquez, C.; Chiesa-Estomba, C.; Herranz González-Botas, J. Prevention of Peripros-
thetic Leakage with Double Flange Voice Prosthesis: A Systematic Review and Management Protocol Proposal. Logoped. Phoniatr.
Vocol. 2022, 1–8. [CrossRef]

16. Provox®VegaTM XtraSealTM. Atos Medical. Available online: https://www.atosmedical.es/productos/provox-vega-xtraseal
(accessed on 20 May 2023).

17. Maclure, M.; Mittleman, M.A. Should We Use a Case-Crossover Design? Annu. Rev. Public Health 2000, 21, 193–221. [CrossRef]
18. Mayo-Yáñez, M.; Cabo-Varela, I.; Dovalo-Carballo, L.; Calvo-Henríquez, C.; Martínez-Morán, A.; González-Botas, J.H. Provox

2® and Provox Vega® device Life-Time: A Case-Crossover Study with Multivariate Analysis of Possible Influential Factors and
Duration. Eur. Arch. Otorhinolaryngol. 2018, 275, 1827–1830. [CrossRef]

19. Serra, A.; Spinato, G.; Spinato, R.; Conti, A.; Licciardello, L.; Di Luca, M.; Campione, G.; Tonoli, G.; Politi, D.; Castro, V.; et al.
Multicenter Prospective Crossover Study on New Prosthetic Opportunities in Post-Laryngectomy Voice Rehabilitation. J. Biol.
Regul. Homeost. Agents 2017, 31, 803–809. [PubMed]

https://doi.org/10.3389/fmed.2017.00081
https://www.ncbi.nlm.nih.gov/pubmed/28695120
https://doi.org/10.1002/hed.21399
https://www.ncbi.nlm.nih.gov/pubmed/20848420
https://doi.org/10.1002/lary.21807
https://www.ncbi.nlm.nih.gov/pubmed/21647906
https://doi.org/10.1007/s00405-014-3393-8
https://doi.org/10.1002/hed.21777
https://doi.org/10.1007/s00405-014-3394-7
https://doi.org/10.1007/s00405-020-05784-4
https://doi.org/10.1007/s00405-012-1938-2
https://doi.org/10.1002/hed.23208
https://doi.org/10.1097/MLG.0b013e31816067d5
https://doi.org/10.1111/coa.13513
https://www.ncbi.nlm.nih.gov/pubmed/32017429
https://doi.org/10.1111/coa.14052
https://www.ncbi.nlm.nih.gov/pubmed/37012583
https://doi.org/10.1177/0194599820983343
https://doi.org/10.1177/01945998211073058
https://www.ncbi.nlm.nih.gov/pubmed/36185010
https://doi.org/10.1080/14015439.2022.2042595
https://www.atosmedical.es/productos/provox-vega-xtraseal
https://doi.org/10.1146/annurev.publhealth.21.1.193
https://doi.org/10.1007/s00405-018-5008-2
https://www.ncbi.nlm.nih.gov/pubmed/28958139


J. Pers. Med. 2023, 13, 1064 12 of 12

20. Petersen, J.F.; Lansaat, L.; Timmermans, A.J.; van der Noort, V.; Hilgers, F.J.M.; van den Brekel, M.W.M. Postlaryngectomy
Prosthetic Voice Rehabilitation Outcomes in a Consecutive Cohort of 232 Patients over a 13-Year Period. Head Neck 2019, 41,
623–631. [CrossRef]

21. Petersen, J.F.; Lansaat, L.; Hilgers, F.; van den Brekel, M. Solving Periprosthetic Leakage with a Novel Prosthetic Device.
Laryngoscope 2019, 129, 2299–2302. [CrossRef]

22. Chone, C.; Gripp, F.M.; Ortiz, E.; Bortoletto, A.; Spina, A.L.; Crespo, A.N. Primary and Secondary Tracheo-Esophageal Puncture:
Long-Term Results with Voice Prosthesis. Otolaryngol. Head Neck Surg. 2004, 131, P133–P134. [CrossRef]

23. Maniaci, A.; Lechien, J.R.; Caruso, S.; Nocera, F.; Ferlito, S.; Iannella, G.; Grillo, C.M.; Magliulo, G.; Pace, A.; Vicini, C.; et al. Quality
of Life After Total LaryngectomyVoice-Related Quality of Life After Total Laryngectomy: Systematic Review and Meta-Analysis.
J. Voice 2021. [CrossRef] [PubMed]

24. Cocuzza, S.; Maniaci, A.; Grillo, C.; Ferlito, S.; Spinato, G.; Coco, S.; Merlino, F.; Stilo, G.; Santoro, G.P.; Iannella, G.; et al.
Voice-Related Quality of Life in Post-Laryngectomy Rehabilitation: Tracheoesophageal Fistula’s Wellness. Int. J. Environ. Res.
Public Health 2020, 17, 4605. [CrossRef] [PubMed]

25. Summers, L. Social and Quality of Life Impact Using a Voice Prosthesis after Laryngectomy. [Miscellaneous Article]. Curr. Opin.
Otolaryngol. Head Neck Surg. 2017, 25, 188–194. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/hed.25364
https://doi.org/10.1002/lary.27645
https://doi.org/10.1016/j.otohns.2004.06.205
https://doi.org/10.1016/j.jvoice.2021.09.040
https://www.ncbi.nlm.nih.gov/pubmed/34763996
https://doi.org/10.3390/ijerph17124605
https://www.ncbi.nlm.nih.gov/pubmed/32604875
https://doi.org/10.1097/MOO.0000000000000361
https://www.ncbi.nlm.nih.gov/pubmed/28277334

	Introduction 
	Materials and Methods 
	Setting 
	Patients 
	Statistical Analysis 
	Costs Analysis 

	Results 
	Descriptive Analysis 
	Replacement Reasons 
	Duration and Multivariate Cox Proportional Hazards Regression Analysis 
	Cost-Effectiveness Analysis 

	Discussion 
	Conclusions 
	References

