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Introduction: In this retrospective, single-center study conducted at a regional

cancer center, we have analyzed whether prophylactic voice prosthesis

replacement (PVPR) could reduce the occurrence of tracheoesophageal fistula

(TEF) dysfunction.

Methods: We reviewed 2,431 cases of voice prosthesis (VP) replacement

procedures performed in 327 patients between January 2017 and December

2022 at the Department of Otolaryngology, Head and Neck Surgery, Holy Cross

Cancer Centre, Kielce, Poland. In the middle of this period (January 2020), the

management of VP replacements was changed from reactive, unscheduled voice

prosthesis replacement (UVPR), with a median device lifetime of 7 months, to

prophylactic, scheduled replacement (PVPR) procedures occurring every

3 months.

Results: The statistical analysis confirmed a significantly lower number of

complications during the period of PVPR (2020–2022) compared to the

previous period of UVPR (2017–2019). In the years 2017–2019, out of a total of

911 voice prosthesis replacements performed in 246 patients, 425 were

associated with complications related to TEF (47%). In comparison, in the years

2020–2022 (following the introduction of PVPR), only 91 cases (6%) (p<0.001; r =

0.408) out of 1,520 voice prosthesis exchanges performed in 250 patients had

related TEF complications. The types and occurrence of TEF complications

remained the same in both time intervals (UVPR vs. PVPR), with widening of

the fistula tract being the most common, comprising 80% and 78% of all TEF

complications, respectively.

Discussion: PVPR every 3 months can reduce fistula complications compared to

a protocol with reactive replacement for voice prosthesis or TEF dysfunction.
KEYWORDS

voice prosthesis (VP), prophylactic VP replacement, TE fistula widening, device lifetime,
complication, laryngectomy, biofilm formation
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1 Introduction

The estimated global numbers of new cases of laryngeal cancer

were 184,615 and 84,254 for hypopharyngeal cancer in 2020 (1).

Patients with advanced locoregional disease, after failure of organ-

preservation treatment, are advised to undergo a total

laryngectomy, which leads to loss of a normal laryngeal voice.

The most effective method of voice restoration is tracheoesophageal

puncture (TEP) with voice prosthesis (VP) placement that can be

easily performed, primarily during total laryngectomy or

secondarily as a delayed procedure (2–6). Regardless of all the

benefits, this method also has some disadvantages. Uncontrolled

leakage around the VP has been considered a main concern since

the introduction of surgical voice rehabilitation with the insertion of

a VP by M. Singer and E. Bloom in 1978 (7). Chronic aspiration,

often clinically asymptomatic, can still lead to recurrent pneumonia,

with the potential to be life-threatening to patients (8, 9). The voice

prostheses are made of a silicone polymer, which is susceptible to

colonization and deformation by bacteria and fungi. The process of

biofilm growth is the main driver of VP damage and deformation,

which leads to its dysfunction (10–13). Apart from transprosthetic

leakage, which is the leading cause of VP replacement,

complications related to the TE fistula remain the most

problematic and threatening. Inflammation, edema, hypertrophy,

and widening of the TE fistula can often be solved through

spontaneous healing and/or shrinking following the removal of

the VP. Patients then require a nasogastric tube for feeding and

sometimes a temporary cuffed cannula to prevent aspiration.

Additional conservative treatment, such as antibiotics, antifungal

drugs, proton pump inhibitors, thyroid hormone supplementation,

and balanced nutrition, is also necessary. For persistent fistula

enlargements, the next step procedures are hyaluronic acid

injections, purse string sutures on the fistula tract, and, as a last

resort, surgical closures may be used.

The average voice prosthesis lifetime is variable in different

studies and ranges from 2 to more than 10 months (6, 14–28). The

Department of Otolaryngology, Head and Neck Surgery, Holy

Cross Cancer Centre, Kielce, Poland, started surgical voice

rehabilitation using VP in 2001. This was the first center in

Poland to routinely begin implanting voice prostheses for voice

and speech rehabilitation after total laryngectomy. Fearing the

potential complications (8, 9), we adopted the principle of

treating tracheoesophageal fistula dysfunction by admitting the

patients to the department. This was also due to the National

Healthcare System (NHS) requirement to perform voice prosthesis

replacement only as a hospital procedure, so that the hospital

receives reimbursement. More so, esophageal speech was

considered the gold standard of treatment in the rehabilitation of

patients after total laryngectomy in many other centers in Poland.

Initially, the NHS restrictions allowed only a single VP

reimbursement per year, with the median device lifetime (DL)

being more than 12 months. Since the removal of this restriction

in 2010, the median DL has been slowly decreasing, reaching 7
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months in 2017. Following the observation of the progressive

growth of biofilm colonies on voice prostheses (13) and the large

number of observed fistula problems in this period, we proposed a

theory that a longer DL may lead to more fistula problems. This

may possibly be in relation to the irritation of local tissues caused by

the biofilm. Hence, we set out to investigate the hypothesis that

prophylactic voice prosthesis replacement (PVPR) may be

beneficial in reducing fistula complications. As such, from

January 2020, every patient with a VP was called in for a

prophylactic replacement every 3 months.
2 Materials and methods

This study was designed as a retrospective cohort, single-

center study. All (n = 2,431) voice prosthesis replacement

procedures performed in 327 patients at the Department of

Otolaryngology, Head and Neck Surgery from January 2017 to

December 2022 were included. Between 2017 and 2019, the VP

replacements took place as an unscheduled, reactive procedure

depending on the VP or fistula dysfunction. From 2020 to 2022,

the patients were called in for a scheduled PVPR every 3 months

(17). The procedure technique and the type of voice prosthesis

remained unchanged, with the only difference being that the VP

replacement between 2020 and 2022 was performed by only the

most experienced physicians, specifically limited to 6 out of 17

department physicians. The specific VP used was a 22.5 French

indwelling VP (ATOS Medical: Provox 2, Provox Vega, Provox

Vega XS).

In total, 327 individual patients with voice prostheses after total

laryngectomy were included in this study. A primary

tracheoesophageal puncture was performed during the TL in 77%

of all the studied patients (Table 1). During the observation period,

some patients died due to disease recurrence or comorbidities, but

new patients joined the study group following diagnosis and

treatment. Only 84 patients passed through the entire 6-year

study period. The number of patients in the groups remained

similar each year, ranging from 167 to 196 patients. In this

research, 1-year periods were analyzed and described (Table 2).

Then, the single years were combined into two groups, with 2017–

2019 comprising the unscheduled voice prosthesis replacement

(UVPR) group and 2020–2022 comprising the PVPR group.

These two groups (UVPR vs. PVPR) were subjected to statistical

analysis to find differences and correlations (Table 3). A group of 84

patients who were present throughout the entire study period was

analyzed separately to compare the two periods (UVPR and PVPR)

in a more homogeneous study group.

Every time a patient was hospitalized for more than 1 day, the

event was scored as a complication. If a patient was hospitalized for

only 1 day, it was assumed to be a routine replacement without any

complications. All fistula complications were treated with a hospital

admission, removal of the prosthesis, a feeding tube, and

replacement after shrinkage and/or healing.
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2.1 Statistical analysis

The statistical analysis was performed to compare outcomes

between the UVPR and PVPR groups. The significance level for all

statistical tests was set at a=0.05 (p < 0.05).
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The Mann–Whitney U test was used to compare the number of

voice prosthesis replacement (VPR) procedures and the number of

hospitalization days related to complications between the groups. The

effect size (r) was calculated using the formula r = Z/√N, where Z

represents the standardized statistic and N is the total number of
TABLE 1 Study group information.

Years 2017–2022 2017–2019 UVPR 2020–2022 PVPR p-value

Sex 0.209

Male 293 (90%) 223 (91%) 220 (88%)

Female 34 (10%) 23 (9%) 30 (12%)

All individual patients 327 246 250

Type of VP implantation 0.831

Primary VP implantation 252 (77%) 188 (76%) 191 (76%)

Secondary VP implantation 57 (17%) 46 (19%) 44 (18%)

Laryngectomy and VP implantation in another hospital 18 (6%) 12 (5%) 15 (6%)

n 327 246 250

Indication for TL 0.773

Primary TL 28 (11%) 20 (11%) 22 (12%)

Primary TL + adjuvant RT/CRT 181 (72%) 138 (73%) 134 (70%)

Salvage TL 43 (17%) 30 (16%) 35 (18%)

n* 252 (100%) 188 (100%) 191 (100%)

Neck dissection during TL 0.442

none 39 (15%) 39 (21%) 30 (16%)

SND unilateral 9 (4%) 8 (4%) 6 (3%)

SND bilateral 181 (72%) 123 (65%) 140 (73%)

(m)RND 23 (9%) 18 (10%) 15 (8%)

n* 252 (100%) 188 (100%) 191 (100%)

Cancer stage (pathological) 0.923

I 8 (3%) 6 (3%) 8 (4%)

II 30 (12%) 23 (12%) 26 (14%)

III 70 (28%) 56 (30%) 54 (28%)

IV 144 (57%) 103 (55%) 103 (54%)

n* 252 (100%) 188 (100%) 191 (100%)

Primary tumor site 0.999

Hypopharynx 34 (13%) 26 (14%) 27 (14%)

Supraglottic 75 (30%) 56 (30%) 48 (25%)

Glottic 126 (50%) 93 (49%) 103 (54%)

Subglottic 17 (7%) 13 (7%) 13 (7%)

n* 252 (100%) 188 (100%) 191 (100%)
The chi-square test was used to compare the qualitative variables. No statistically significant relationship was found between the variables studied, p-value test >a 0.05 (c2 test). TL, total
laryngectomy; SND, selective neck dissection; (m)RND, (modified) radical neck dissection; UVPR, unscheduled voice prosthesis replacement; PVPR, prophylactic voice prosthesis replacement.
*number of patients include patients with primary voice prosthesis (VP) implantation only.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1566697
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Okła et al. 10.3389/fonc.2025.1566697
observations. The effect size values were interpreted according to the

following standard thresholds: approximately 0.1: small; 0.3: medium;

and ≥0.5: large effect. The c² test was applied to compare the incidence

of complications at baseline (UVPR vs. PVPR) and to evaluate the

relationship between period (UVPR and PVPR) and the type of

complications. The Spearman correlation test was used to assess the

relationship between the number of VPR procedures and the incidence

of complications per patient. For the dynamic cohort of patients,

complication incidence rates and the percentage of complication-free

patients were calculated. The incidence rate was expressed as the

number of complications per person-year, assuming a 3-year

observation period for each patient in both the UVPR and PVPR

periods. The percentage of complication-free patients was calculated as

the proportion of patients without any complications during each

respective period. Logistic regression analysis was also performed to
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predict the occurrence of prolonged hospitalizations (>1 day). Model

performance was assessed using the area under the ROC curve (AUC =

0.812), indicating good predictive ability. The optimal cutoff point was

determined using the Youden Index, which maximizes the sum of

sensitivity and specificity. The statistical significance of predictors in the

logistic regressionmodel was verified usingWald’s test (Wald’s p-value).

All statistical analyses were conducted using STATISTICA version 13.1

advanced analytics software.
2.2 Institutional review board statement

The study was approved by the Ethics Committee of Jan

Kochanowski University of Kielce, with the following protocol

code: 26/2023.
TABLE 3 The number of voice prosthesis replacement (VPR) procedures performed in the two compared periods.

Variable
UVPR
(2017–
2019)

PVPR
(2020–
2022)

2017–2022
(Total)

Median
per patient in the

UVPR group

Median
per patient in the

PVPR group

Number of patients 246 250 327 – –

Number of all VPR procedures 911 1520 2431 3.0 6.0

Number of VPR procedures without fistula
complications, n (%)

486 (53) 1429 (94) 1915 (79) 1.0 6.0

Number of VPR procedures
with fistula complications, n (%)

425 (47) 91 (6) 516 (21) 1.0 0.0

Total days of hospitalization
due to fistula complications

1820 436 2256 5.0 0.0

Total days of hospitalization
(all causes)

2731 1956 4687 7.0 7.0

Number of patients with fistula complications,
n (%)

113 (54) 35 (14) – – –

Number of patients with hospitalization >14
days, n (%)

61 (25) 27 (11) – – –
UVPR, unscheduled voice prosthesis replacement; PVPR, prophylactic voice prosthesis replacement.
Data for the UVPR (2017–2019) and PVPR (2020–2022) periods are presented separately. The column “2017–2022 (Total)” shows cumulative values for the entire study period. “Median”
represents the median number of procedures or hospitalization days per individual patient in each group. Total hospitalization days include both planned and complication-related admissions.
The percentage of patients with hospitalization >14 days was calculated using a unified threshold for both groups. VPR, voice prosthesis replacement.
TABLE 2 The number of voice prosthesis replacement (VPR) procedures performed each year from 2017 to 2022.

Variable
Year

2017 2018 2019 2020 2021 2022

Number of patients, n 172 167 182 169 192 196

Number of all VPR procedures, n 315 283 313 329 533 658

Number of VPR procedures without fistula complications, n (%) 185 (59) 118 (42) 183 (59) 280 (85) 503 (94) 646 (98)

Number of VPR procedure with fistula complications: n (%) 130 (41) 165 (58) 130 (41) 49 (15) 30 (6) 12 (2)

Total days of hospitalization due to fistula complications, n 513 663 644 245 133 58

Number of patients with fistula complications n (%) 90 (52) 104 (62) 89 (49) 40 (24) 26 (14) 11 (6)

Average number of VPRs per single patient 1.83 1.69 1.72 1.95 2.78 3.36
Any voice prosthesis replacement associated with an unscheduled hospitalization of more than 1 day was considered a fistula complication. UVPR, unscheduled voice prosthesis replacement;
PVPR, prophylactic voice prosthesis replacement.
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3 Results

In total, 293 men and 34 women (327 in total) within an age

range of 31 to 88 years old [average age of 65; standard deviation

(SD) of 8.5] were included in this study. Age was not correlated with

the incidence of complications (verification was based on Wald’s p-

value). The average time between the VP implantation (primary or

secondary) to patient inclusion in this study was 3.32 years (ranged

between 2 months to 16 years). Table 1 presents the clinical

characteristics of the patients included in this study. No

statistically significant differences were found between the two

groups (UVPR vs. PVPR) regarding the type of implantation, the

prior treatment received, the location of the primary tumor, or the

clinical stage of cancer. The number of patients and procedures in

each individual year is shown in Table 2. In 2020, the number of VP

replacement procedures started to rise gradually. The lowest

number of voice prostheses carried out per patient occurred in

2018 (with an average of 1.69); this had almost doubled by 2022

(average 3.36). The median VP replacement per patient was

between 1 to 2 during the UVPR period and 3 to 4 in the PVPR

period, with the median reaching 4 in 2022. Since the

implementation of PVPR in 2020, a marked and consistent

reduction was observed not only in the frequency of VP

exchanges due to TEF complications and the corresponding

hospitalizations, but also in the overall incidence of such

complications among patients. Specifically, in 2017, such adverse

events were reported in 52% of the patients (90 out of 172 patients),

whereas in 2020, this decreased to 24% (40 out of 169 patients).

Most recently, in 2022, the incidence further diminished, as only 6%

of the patients experienced complications (11 out of 196 patients).

Table 3 presents the number of patients, the total number of VPR

procedures performed, and the total number of hospitalization days

associated with both complications and all hospital admissions in

the UVPR (2017–2019) and PVPR (2020–2022) groups and during

the entire follow-up period (2017–2022). Additionally, to provide a

more accurate and balanced comparison, the median number of

procedures and median number of hospital days per patient in each

group were calculated, as was the percentage of patients with

hospitalizations lasting more than 14 days. The threshold of 14

days was based on the 75th percentile of the number of hospital

days in the UVPR group, representing standard clinical practice

before the introduction of PVPR. Using a fixed threshold allows for

a fair comparison of the rates of prolonged hospitalizations between

the groups. During the PVPR period, significant reductions in the

median number of procedures with complications (UVPR: 1.0;

PVPR: 0.0) and the median number of hospitalization days

related to complications (UVPR: 5.0; PVPR: 0.0) were observed.

The results of the Mann–Whitney U test showed that these

differences were statistically significant (p < 0.0001) and

characterized by a medium to large effect size (r=0.408 for the

number of procedures with complications and 0.387 for

hospitalization days, respectively). The effect size was large for the

procedures without complications (r = 0.530, p < 0.0001), indicating

a significantly higher median number of procedures without

complications during the PVPR period. We calculated the effect
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size (r) based on the results of the Mann–Whitney U test using the

formula r = Z/√N, where Z is the value of the standardized statistic

and N is the total number of observations. The interpretation of the

effect size was performed according to commonly accepted

thresholds (r ≈ 0.1 = small effect; r ≈ 0.3 = medium effect; r ≥ 0.5

= large effect). The results, including both the effect sizes and p-

values, are presented in Table 4.

The rate of TE fistula complications that occurred in the period

of UVPR was 47% (425 out of 911 replacements), i.e., almost half of

all replacement procedures resulted in complications when the

procedure was unscheduled. After the introduction of PVPR in

2020, the rate of replacements with fistula complications in the first

year alone significantly decreased to 15% (49 out of 329

replacements) and was the lowest in 2022 at 2% (12 out of 658).

Throughout the entire PVPR period, the complication rate was 6%

(91 out of 1,520 replacements). The statistical analysis showed that

there was a correlation between an increased number of VP

replacements and the incidence of complications per patient

(r=0.339; p<0.001). Moreover, the Youden Index indicates that

2020 was the moment when the complication frequency trend

decreased (AUC=0.812). This coincides with the beginning of the

PVPR period (Figure 1). Logistic regression allowed us to determine

that at the beginning of a follow-up, the chance of complications

due to a VP exchange was twice as high [odds ratio (OR) = 1.990;

95% confidence interval (CI): 1.437–2.756; p < 0.001] compared to

the period when cyclical VP exchange was introduced. In the

following years when PVPR was utilized, the occurrence of

complications systematically decreased in relation to the last year

of the observation (OR = 0.026; 95% CI: 0.014–0.049; p < 0.001).

During the analyzed period, a marked decrease in the

hospitalization length of patients due to complications related to

TEF was observed following the implementation of PVPR. The total

number of hospitalization days associated with VPR complications

(TEF complications) was 1,820 days during the UVPR period and

436 during the PVPR period (r=0.387; p<0.001) (Table 2, Table 4).

The difference between the total number of hospitalization days

associated with complications and those related to uncomplicated

VP exchanges (the latter of which, according to the NHS

reimbursement requirement, must be performed within a 1-day

hospitalization) was less pronounced. This was due to the increased

number of VP exchanges during the PVPR period. Although the

median number of hospitalization days per patient remained the
TABLE 4 Comparison of the median number of procedures and
hospitalization days between the UVPR and PVPR groups with effect size
(r) and p-value.

Variable Effect size (r) p-value

Number of VPR with complications 0.408 <0.0001

Number of VPR without complications 0.530 <0.0001

Days of hospitalization due to complications 0.387 <0.0001
fro
Effect size (r) was calculated based on the Mann–Whitney U test, using the formula r = Z/√N,
where Z is the Z-score from the Mann–Whitney U test, and N is the total number of
observations. Interpretation of r: small effect = 0.1, medium effect = 0.3, large effect ≥ 0.5.
Significance level set at a = 0.05.VPR, voice prosthesis replacement; UVPR, unscheduled voice
prosthesis replacement; PVPR, prophylactic voice prosthesis replacement.
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same in both periods, i.e., 7.0 days, the total number of

hospitalization days was higher during the UVPR period, totaling

2,731 days compared to 1,956 days in the PVPR period (Table 3).

It is particularly noteworthy that the number of individual

patients who experienced complications was significantly reduced

following the introduction of PVPR. In the UVPR period,
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complications occurred in 54% of all patients, compared to just

14% in the PVPR period (p<0.001).

Moreover, 84 of all the included patients (n=327) were observed

during the entire study period from 2017 to 2022. An additional

analysis of this group was performed to confirm the trends found in

the entire study group (Figure 2). The results also show that there
FIGURE 1

Younden Index indicating that 2020 was when the complication frequency trend changed. This moment coincides with the start of the regular
prophylactic replacement procedure program.
FIGURE 2

The number of VP replacements per patient per year in a group of 84 patients who were followed during the entire study period from 2017 to 2022.
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was a statistically significant (p<0.001) lower ratio of complications

in the PVPR period vs. the UVPR period in this smaller and

homogenous group (Figure 3).

Based on the analysis of the dynamic cohort of 84 patients, a

significant reduction in the incidence of complications was

observed after the introduction of the PVPR strategy (Figure 4).

The mean incidence of complications decreased from 0.861

complications per person-year in the UVPR period (2017–2019)

to 0.119 complications per person-year in the PVPR period (2020–

2022). At the same time, the percentage of patients who remained

completely free of complications during the given period increased

from 21.4% in the UVPR to 72.6% in the PVPR. These results

confirm the significant clinical benefit of the introduction of

prophylactic, scheduled voice prosthesis replacement every

3 months.

Although the incidence of complications decreased in the PVPR

period, the type of complications remained unchanged. The most

frequent were TE fistula widening in 80% (n=425) and 78% (n=94)

of cases in the PVPR and UVPR periods, respectively. No

statistically significant difference in the type of complications was

found between PVPR and UVPR. All the complications and the rate

of their occurrence are presented in Tables 5 and 6.
4 Discussion

The surgical method of voice and speech rehabilitation with VP

implantation has become the gold standard and is increasingly used

worldwide in patients after total laryngectomy. However, there are
Frontiers in Oncology 07
no accepted recommendations for the management/monitoring of

patients with voice prostheses, even though this method may have

some potentially life-threatening complications (7–9). Although

there are papers proposing therapeutic procedures for the

treatment of observed complications (11, 29), the work described

here addresses the need for and examines the impact of preventing

such complications. Reducing the number of complications and,

therefore, increasing patient safety, is of paramount importance

here. For several decades, there has been no significant

technological progress in the field of VPs, both in terms of

improved materials that are more resistant to biofilm and better-

designed prostheses. The assessment of VP lifespan seems to be the

most common topic in the literature on surgical voice

rehabilitation, and is often combined with an evaluation of

potential influencing factors. However, these assessments

frequently lead to contrary conclusions. A prolonged life span of

a correctly functioning VP is undoubtedly highly desirable from a

patient’s perspective. However, from a medical standpoint, of

unquestionable primary importance is patient safety, particularly

concerning the occurrence of various complications associated with

the use of VPs (8, 9, 12, 15, 21, 29–31, 34, 39). It is also challenging

to compare studies on such complications associated with the use of

VPs due to differences in methodology and the classification of

observed complications. Often, these studies involve a small

number of patients, reducing the significance of the observations.

The average device lifetimes reported in the literature range

from 61 to 304 days (6, 15–28). In this study, the device lifetime in

the UVPR period was 209 days, whereas in the PVPR period, it

decreased to 133 days. Simultaneously, as the VP lifetime decreased,

the number of complex prosthesis replacements due to TEF

complications also significantly reduced, from 130 (41%) in 2017

to 12 (2%) in 2022. These complications affected 90 patients (52%)

in 2017 and only 11 patients (6%) in 2022.

In 2020, a slight increase in the number of VP exchanges was

observed, accompanied by a markedly lower incidence of those

associated with complications and fewer days of extended

hospitalizations. However, it should be noted that this year was

unique due to the onset of the COVID-19 pandemic. Patients were

reluctant to attend scheduled, planned voice prosthesis exchanges

due to concerns about the risk of infection, coupled with more

stringent hospital admission protocols being in place.

It should be noted that, compared to other publications, our

retrospective single-center study has the highest number of patients

with a proportionally shorter time of observation.

The main need for voice prosthesis replacement is due to device

(VP) or fistula (TEF) related complications. Central leakage

through the prosthesis is the most common complication, but the

most demanding are periprosthetic leakage and TEP widening (11,

16, 30, 31), especially with atrophy of the fistula wall. In our

observations, the incidence of all complications decreased in the

PVPR period, but the type of complications remained unchanged.

The most frequent was TE fistula widening, comprising 80% of all

complication events in the PVPR period (n = 425) and 78% in the

UVPR period (n = 94). No statistically significant difference in the

type of complications was found between PVPR and UVPR. We
FIGURE 3

The number of complications per patient per year in a group of 84
patients who were followed during the entire study period from
2017 to 2022.
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presume that a prolonged DL and the consequent fungo-bacterial

biofilm growth on the voice prosthesis may induce these fistula

complications, however, a comparison of this study with others in

literature is difficult as, thus far, there have been no publications

strictly comparing the number of complications with the average

duration of single prosthesis use. At the same time, the enlargement

of the fistula and leakage around the prosthesis are the most

frequent and the most challenging complications (11, 30–34).

These observations are in line with our results that TEF

enlargement with periprosthetic leakage was the most common

and demanding complication (Tables 5, 6).

There are studies by other authors that suggest some factors that

influence device lifetime and the complication rate, however, there

are many discrepancies due to the use of different methodologies
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and small groups of observed patients. Pre- and postoperative

radiotherapy is considered the most significant factor in

decreasing device lifetime and increasing the number of

complications in laryngectomized patients with the VPs (3, 35–

38), but there are papers that contradict this (11, 39). Another factor

that is considered a negative is gastroesophageal reflux disease

(GERD). Patients with GERD often have a higher risk of TEF

enlargement and shorter voice prosthesis lifespan (37, 40–42).

Margolin et al. found there was a significant correlation between

the occurrence of TEF complications and the severity of reflux (42).

There are also many other proposed reasons for complications

related to TEF in the literature, which often contradict each other.

Most of these studies are based on small patient groups and

different methodologies. Therefore, it seems there is a need to
TABLE 5 The occurrence of complications during VP replacement each year.

Type
of complication

Occurrence of complications each year

2017 (n=130),
n (%)*

2018 (n=165),
n (%)*

2019 (n=130),
n (%)*

2020 (n=49),
n (%)*

2021 (n=33),
n (%)*

2022 (n=12),
n (%)*

TEF widening 109 (84) 117 (71) 115 (89) 39 (80) 25 (76) 9 (75)

TEF granulation 10 (8) 15 (9) 12 (9) 6 (12) 2 (6) –

TEF inflammation 9 (7) 25 (15) 9 (9) 4 (8) 4 (12) 1 (8)

VP pulled into TEF 3 (2) 5 (3) 4 (3) – 1 (3) 1 (8)

VP loss 19 (15) 11 (7) 15 (12) 6 (12) 1 (3) 4 (33)

Other and
not specified

10 (8) 5 (3) 15 (12) – 3 (9) 2 (17)
*The data do not add up to 100% because a patient may have experienced more than one type of complication. TEF, tracheoesophageal fistula; VP, voice prosthesis.
FIGURE 4

Comparison of the complication incidence rates and complication-free patient percentages between the UVPR and PVPR periods in the group of 84
patients. Note: The incidence rate of complications (expressed as complications per person-year) and the percentage of patients without any
complications during the UVPR (2017–2019) and PVPR (2020–2022) periods were based on a dynamic cohort of 84 patients observed across both
treatment strategies. A 3-year observation period was assumed for each patient in both the UVPR and PVPR phases.
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create a unified scheme for evaluating complications that can be used

by clinicians in various centers to objectively determine the most

important factors affecting both the lifespan and, most importantly,

the occurrence of complications related to a tracheoesophageal

fistula. Based on this, recommendations for an optimal follow-up

strategy for patients with VPs could be developed.

We postulate that a shorter voice prosthesis lifetime (3 months)

is associated with a significantly decreased risk of TE fistula

complications. It is very likely that increased biofilm formation

on the VP acts as an irritant to the fistula tract and eventually can

lead to widening, infection, or granulation of the local tissue. The

presence of mainly Candida fungo-bacterial biofilm on the VP and

deterioration of the silicon material of the VP that worsens over

time have been confirmed in previous studies (13, 43–46).

The benefits of prophylactic prosthesis replacement do not only

concern shortening the time of its functioning and consequently, the

amount of biofilm, but also better organization of the clinic’s work,

avoiding sudden unplanned admissions/replacements seems to be an

equally important benefit that significantly improves the patient’s

safety. Planned replacements mean that such a procedure is

performed by the most qualified personnel who have enough time

to properly perform the voice prosthesis replacement. Some of these

complications can be caused by an incorrect replacement procedure

traumatizing the fistula wall, incorrect prosthesis size, the lack of

sufficient experience, combined with fear of complications that could

lead to unnecessarily prolonged hospitalization, as well as the limited

availability of the doctor to whom the patient with voice prosthesis

dysfunction was referred, also contributed to the issue. During a

planned voice prosthesis replacement visit, there is also time for

proper oncological control of patients who are exposed not only to a

possible recurrence of the laryngeal cancer, but also to other primary

lesions. Even though it is beneficial for both patients and medical

staff, some patients still refuse PVPR if their device works properly.

It is worth noting that, in some countries, the number of VPs

used per patient is already higher than the number that we were

trying to reach in this study (four per year).

The economic aspect of healthcare should not be overlooked

(Table 7). During the UVPR period, 911 voice prostheses (350 euros

per VP) were utilized, along with 911 1-day standard

hospitalizations for the VPR procedure (275 euros per day),

resulting in a total cost of 569,375 euros. Additionally, there were
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1,820 extra days of hospitalization due to complications, amounting

to a cost of 500,500 euros. Therefore, the total cost for the UVPR

period was 1,069,875 euros. In the PVPR period, 1,520 voice

prostheses (350 euros per VP) were used, along with 1,520 one-

day standard hospitalizations for the VPR procedure (275 euros per

day), totaling 950,000 euros. With only 436 extra days of

hospitalization due to complications, the cost was 119,900 euros.

The total cost for the PVPR period was 1,069,900 euros. Based on

these calculations, PVPR appears to be cost-neutral from a

healthcare provider perspective and offers clear benefits for the

patients. Of note, the median number of hospitalization days per

patient was the same in the UVPR and PVPR periods. However,

patients with complications required more expensive treatment

than those hospitalized solely for scheduled VPR procedures.

These calculations pertain to prosthesis exchanges and treatment

of related adverse effects within a hospital setting, however, the

outpatient treatment option also carries costs related to the

management of complications, some of which are borne by the

patients themselves. Furthermore, the costs associated with medical

leave may be impactful for working patients.

In 2023, Heirman et al. published a study on prophylactic voice

prosthesis replacement based on a theoretical model, with the
TABLE 7 Calculation of the costs of the UVPR and PVPR policies.

Expenses UVPR PVPR

Total number of VP
replacement procedures

911 1520

Cost of all VPs (350 euro per
single VP)

318–850 euro 532–000 euro

Cost of all 1-day hospitalizations for
VP replacement (275 euro per day
of hospitalization)

250–525 euro 418–000 euro

Total extra days of hospitalization due
to fistula complications

1820 436

Cost of all 1-day hospitalizations for
VP replacement (275 euro per day
of hospitalization)

500–500 euro 119–900 euro

TOTAL COST 1 069–875 euro 1 069–900 euro
VPR, voice prosthesis replacement; UVPR, unscheduled voice prosthesis replacement; PVPR,
prophylactic voice prosthesis replacement.
TABLE 6 The occurrence of complications during VP replacement in each period and over the total study period.

Type
of complication

Total (2017-2022), n=519,
n (%)*

UVPR (2017-2019), n=425,
n (%)*

PVPR (2020-2022), n=94,
n (%)*

p-value**

TEF widening 414 (80) 341 (80) 73 (78) 0.574

TEF granulation 45 (9) 37 (9) 8 (9) 0.951

TEF inflammation 52 (10) 43 (10) 9 (10) 0.874

VP pulled into TEF 14 (3) 12 (3) 2 (2) 0.706

VP loss 56 (11) 45 (11) 11 (12) 0.753

Other and not specified 35 (7) 30 (7) 5 (5) 0.543
*The data does not add up to 100% as a patient may have experienced more than one type of complication;** **Test c2, p<a statistically significant; TEF, tracheoesophageal fistula; VP,
voice prosthesis.
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conclusion that it is not feasible (47). Their aim was to prevent

patients from unexpected leakages associated with the proper

function of the voice prosthesis , not with TE fistula

complications. The median device lifetime in their study group

was approximately 2 months, far shorter than the device lifetime we

found at the end of the PVPR period.
4.1 Limitations

In this study, we analyzed all types of complications. Every time a

patient was hospitalized for more than 1 day, it was considered a

complication. When a patient was hospitalized for only 1 day, it was

considered a routine replacement without any complications. It is worth

noting that the NHS regulations in Poland require voice prosthesis

replacement to be a hospital procedure; thus, admitting the patient for at

least 1 day was and still is an obligation. In cases with fistula

inflammation, granulation, or widening, the voice prosthesis was

removed from the fistula, and insertion of the new one was delayed

until the TE tissue healed, with the patients remaining in the hospital

until then. The management of fistula problems and the indications for

admitting patients to the hospital are different worldwide. In many

countries, most fistula problems are handled in an outpatient clinic.

Human factors may also play a role in fistula complication

assessment. The lower number of complications during the PVPR

period may have been due to more experienced physicians who

performed voice prosthesis replacements in a more organized,

planned manner during this period.
5 Conclusions

Prophylactic voice prosthesis replacement every 3 months

reduced fistula complications compared to a protocol involving

reactive replacement due to voice prosthesis or tracheoesophageal

fistula dysfunction. This approach also led to a decrease in the

number of emergency visits and enhanced patient safety, while

simultaneously reducing the number of patients who experienced

related complications. The types of complications remained

unchanged, with tracheoesophageal fistula widening being the most

frequent. Notably, PVPR was found to be cost-neutral in our setting.
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24. Kılıç C, Tunçel Ü., Cömert E. Provox 2 use for voice restoration after total
laryngectomy. Kulak Burun Bogaz Ihtis Derg. (2014) 24:339–43. doi: 10.5606/
kbbihtisas.2014.63497

25. Bozec A, Poissonnet G, Chamorey E, et al. Results of vocal rehabilitation using
tracheoesophageal voice prosthesis after total laryngectomy and their predictive factors.
Eur Arch Otorhinolaryngol. (2010) 267:751–8. doi: 10.1007/s00405-009-1138-x

26. Lam PK, Ho WK, Ho AC, Ng RW, Yuen AP, Wei WI. Long-term performance
of indwelling tracheoesophageal speaking valves in Chinese patients undergoing
laryngectomy. Arch Otolaryngol Head Neck Surg. (2005) 131:954–8. doi: 10.1001/
archotol.131.11.954

27. Bilewicz R, Burduk PK, Kopczyhiski A, Wierzchowska M. The surgery voice
rehabilitation after total laryngectomy with the Provox system. Otolaryngol Pol. (2007)
61:265–70. doi: 10.1016/S0030-6657(07)70424-9

28. Mäkitie AA, Niemensivu R, Juvas A, Aaltonen LM, Bäck L, Lehtonen H.
Postlaryngectomy voice restoration using a voice prosthesis: a single institution’s
ten-year experience. Ann Otol Rhinol Laryngol. (2003) 112:1007–10. doi: 10.1177/
000348940311201202

29. Lorenz KJ. 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 Otorhinolaryngol. (2015) 272:641–59.
doi: 10.1007/s00405-014-3394-7

30. Apert V, Carsuzaa F, Tonnerre D, et al. Speech restoration with
tracheoesophageal prosthesis after total laryngectomy: An observational study of
vocal results, complications and quality of life. Eur Ann Otorhinolaryngology Head
Neck Dis. (2022) 139:73–6. doi: 10.1016/j.anorl.2021.05.008

31. Parrilla C, Longobardi Y, Paludetti G, et al. A one-year time frame for voice
prosthesis management. What should the physician expect? Is it an overrated job? Acta
Otorhinolaryngol Ital. (2020) 40:270–6. doi: 10.14639/0392-100x-n0587

32. Brasnu D, Pages JC, Laccourreye O, Jouffre V, Monfrais Pfauwadel MC, Crevier
Buchman L. Results of the treatment of spontaneous widening of tracheo-esophageal
punctures after laryngeal implant]. Ann Otolaryngol Chir Cervicofac. (1994) 111:456–60.

33. Chaturvedi P, Syed S, Pawar PV, et al. Microbial colonization of Provox voice
prosthesis in the Indian scenario. Indian J Cancer. (2014) 51:184–8. doi: 10.4103/0019-
509X.138303

34. Scherl C, Kauffels J, Schützenberger A, et al. Secondary tracheoesophageal
puncture after laryngectomy increases complications with shunt and voice
prosthesis. Laryngoscope. (2020) 130:E865–e873. doi: 10.1002/lary.v130.12

35. Yenigun A, Eren SB, Ozkul MH, Tugrul S, Meric A. Factors influencing the
longevity and replacement frequency of Provox voice prostheses. Singapore Med J.
(2015) 56:632–6. doi: 10.11622/smedj.2015173

36. Van Weissenbruch R, Albers FW. Vocal rehabilitation after total laryngectomy
using the Provox voice prosthesis. Clin Otolaryngol Allied Sci. (1993) 18:359–64.
doi: 10.1111/j.1365-2273.1993.tb00593.x

37. Boscolo-Rizzo P, Marchiori C, Gava A, Da Mosto MC. The impact of
radiotherapy and GERD on in situ lifetime of indwelling voice prostheses. Eur Arch
Otorhinolaryngol. (2008) 265:791–6. doi: 10.1007/s00405-007-0536-1

38. de Carpentier JP, Ryder WD, Saeed SR, Woolford TJ. Survival times of Provox
valves. J Laryngol Otol. (1996) 110:37–42. doi: 10.1017/S0022215100132670

39. Dragicevic D, Jovic R, Kljajic V, Vlaski L, Savovic S, Lemajic-Komazec S.
Complications following secondary voice prosthesis insertion and impact of previous
irradiation on their appearance. Nigerian J Clin Pract. (2021) 24:470–5. doi: 10.4103/
njcp.njcp_549_19
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s00405-017-4790-6
https://doi.org/10.1007/s00405-017-4790-6
https://doi.org/10.22038/ijorl.2021.53724.2832
https://doi.org/10.1001/archotol.126.11.1320
https://doi.org/10.1177/000348948008900608
https://doi.org/10.1177/000348948008900608
https://doi.org/10.1002/lary.v121.7
https://doi.org/10.1288/00005537-198705000-00005
https://doi.org/10.1111/coa.2018.43.issue-5
https://doi.org/10.1177/0194599820983343
https://doi.org/10.1097/00005537-199704000-00018
https://doi.org/10.3390/pathogens9100793
https://doi.org/10.1007/s00405-013-2611-0
https://doi.org/10.1016/j.otorri.2021.05.001
https://doi.org/10.1016/j.otorri.2021.05.001
https://doi.org/10.1002/hed.25364
https://doi.org/10.1001/jamaoto.2016.2771
https://doi.org/10.1177/0003489415624701
https://doi.org/10.1007/s00405-013-2611-0
https://doi.org/10.1007/s00405-018-5008-2
https://doi.org/10.1001/archotol.125.2.167
https://doi.org/10.1007/s00405-012-2154-9
https://doi.org/10.1007/s00405-012-2154-9
https://doi.org/10.5606/kbbihtisas.2014.63497
https://doi.org/10.5606/kbbihtisas.2014.63497
https://doi.org/10.1007/s00405-009-1138-x
https://doi.org/10.1001/archotol.131.11.954
https://doi.org/10.1001/archotol.131.11.954
https://doi.org/10.1016/S0030-6657(07)70424-9
https://doi.org/10.1177/000348940311201202
https://doi.org/10.1177/000348940311201202
https://doi.org/10.1007/s00405-014-3394-7
https://doi.org/10.1016/j.anorl.2021.05.008
https://doi.org/10.14639/0392-100x-n0587
https://doi.org/10.4103/0019-509X.138303
https://doi.org/10.4103/0019-509X.138303
https://doi.org/10.1002/lary.v130.12
https://doi.org/10.11622/smedj.2015173
https://doi.org/10.1111/j.1365-2273.1993.tb00593.x
https://doi.org/10.1007/s00405-007-0536-1
https://doi.org/10.1017/S0022215100132670
https://doi.org/10.4103/njcp.njcp_549_19
https://doi.org/10.4103/njcp.njcp_549_19
https://doi.org/10.3389/fonc.2025.1566697
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Okła et al. 10.3389/fonc.2025.1566697
40. Lorenz KJ, Kraft K, Graf F, Pröpper C, Steinestel K. Role of reflux-induced
epithelial-mesenchymal transition in periprosthetic leakage after prosthetic voice
rehabilitation. Head Neck. (2015) 37:530–6. doi: 10.1002/hed.23622

41. Lorenz KJ, Grieser L, Ehrhart T, Maier H. Role of reflux in tracheoesophageal
fistula problems after laryngectomy. Ann Otol Rhinol Laryngol. (2010) 119:719–28.
doi: 10.1177/000348941011901114

42. Margolin G, Masucci G, Kuylenstierna R, Björck G, Hertegård S, Karling J.
Leakage around voice prosthesis in laryngectomees: treatment with local GM-CSF.
Head Neck. (2001) 23:1006–10. doi: 10.1002/hed.v23:11

43. van Weissenbruch R, Albers FW, Bouckaert S, et al. Deterioration of the
Provox silicone tracheoesophageal voice prosthesis: microbial aspects and structural
changes. Acta Otolaryngol. (1997) 117:452–8. doi: 10.1111/j.1365-2273.1993.
tb00593.x
Frontiers in Oncology 12
44. Natarajan B, Richardson MD, Irvine BW, Thomas M. The Provox voice
prosthesis and Candida albicans growth: a preliminary report of clinical, mycological
and scanning electron microscopic assessment. J Laryngol Otol. (1994) 108:666–8.
doi: 10.1017/S002221510012777X

45. Buijssen KJ, Harmsen HJ, van der Mei HC, Busscher HJ, van der Laan BF.
Lactobacilli: important in biofilm formation on voice prostheses. Otolaryngol Head
Neck Surg. (2007) 137:505–7. doi: 10.1016/j.otohns.2007.05.051

46. Fusconi M, Taddei AR, Gallo A, et al. Degradation of silicone rubber causes
Provox 2 voice prosthesis malfunctioning. J Voice. (2014) 28:250–4. doi: 10.1016/
j.jvoice.2013.08.012

47. Heirman AN, van der Noort V, van Son R, et al. Does prophylactic replacement
of voice prosthesis make sense? A study to predict prosthesis lifetime. Otolaryngol Head
Neck Surg. (2022) p:1945998221116815. doi: 10.1177/01945998221116815
frontiersin.org

https://doi.org/10.1002/hed.23622
https://doi.org/10.1177/000348941011901114
https://doi.org/10.1002/hed.v23:11
https://doi.org/10.1111/j.1365-2273.1993.tb00593.x
https://doi.org/10.1111/j.1365-2273.1993.tb00593.x
https://doi.org/10.1017/S002221510012777X
https://doi.org/10.1016/j.otohns.2007.05.051
https://doi.org/10.1016/j.jvoice.2013.08.012
https://doi.org/10.1016/j.jvoice.2013.08.012
https://doi.org/10.1177/01945998221116815
https://doi.org/10.3389/fonc.2025.1566697
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Benefits of prophylactic voice prosthesis replacement: a retrospective study
	1 Introduction
	2 Materials and methods
	2.1 Statistical analysis
	2.2 Institutional review board statement

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


