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Review Article

Voice Rehabilitation by Voice Prostheses
After Total Laryngectomy: A Systematic
Review and Network Meta-Analysis
for 11,918 Patients

Gehad Mohamed Tawfik,*?
Sherief Ghozy,”*© Peter Samuel Eid,*°

Omar Mohamed Makram,®°
Mona Hanafy Mahmoud,®? Abdelaziz Abdelaal,®"

Ahmad Helmy Zayan,"’d

Seif Mahmoud Abdelghany,”? Ahmed M. Sayed,”" To Kim Sang,”' Mahmoud Kassem,"”
Quoc Le Minh Ho,”* Heba Hussien Eltanany,”' Amira Farghaly Ali,>™ Osama Gamal Sweiny,”"

Khaled Essam Elsherbiny,”° Amr G. Shafik,” Kenji Hirayama,®

Purpose: Our aim was to assess the different voice
prostheses (VPs) to identify the most efficient, safest, patient-
tailored, longest lifetime, and inexpensive VPs and assess
the different factors affecting their quality.

Method: In September 2017, 15 databases were searched to
include all randomized controlled trials. A new search was
done in May 2019 to include all other study design articles,
which include all the new-era VPs subtypes. Network meta-
analysis (NMA) was applied to all 27 outcomes, besides
NMA overall and partial order setting was done by using
Hasse scatter plots. p values were used in NMA, where the
best VPs are approaching one and the least approaches
zero. Meta-analysis was done for the rest of the outcomes.
Results: Two hundred one articles were eligible for inclusion
in our study (N = 11,918). Provox-2 was significantly the
most efficient and safest device concerning the most patient
preference (odds ratio [OR] = 33.88 [0.65, 1762.24]; p = .92),
the least dislodgement (risk ratio [RR] = 0.27 [0.13, 0.57]; p =
.79), the least airflow resistance (RR = 0.42 [0.08, 2.11]; p =

and Nguyen Tien Huy"

.84), the least granulation formation (RR = 0.73 [0.02, 26.32];
p = .60), and the least VPs’ inaccurate size (RR = 0.77 (0.23,
2.61); p = .66). Heat and moisture exchanger addition showed
a significant increase in maximum phonation time and
breathing experience, with p values (1 and .59), respectively.
While heat and moisture exchanger addition showed a
significant decline in stoma cleaning frequency, coughing
frequency, forced expectoration, sputum production, sleeping
problems, and loosening of adhesive, with p values (.99, .72,
.69, .96, 1, and 0.96), respectively, Groningen low resistance
and Nijdam were considered the worst devices with both
overall mean p value of .44.

Conclusions: Provox-2 is considered the best choice as
being the most preferable for patients, with the least airflow
resistance, dislodgment, granulation formation, and prosthesis
inaccurate size. Groningen low resistance and Nijdam were
considered the worst devices according to our analysis.
Supplemental Material: https://doi.org/10.23641/asha.
14802903
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of the head and neck, ranking the 19th globally

with an estimated 13,150 new cases in the United
States in 2018, as reported by the American Cancer Society
(Global Burden of Disease Cancer Collaboration, 2015;
Hernandez et al., 2010; Jemal et al., 2007). Prognosis of
laryngectomy surgery remained relatively favorable, with
a 5-year survival rate of 60.9%, raising it as a treatment
of choice for advanced stages of laryngeal carcinoma
(Stankovic et al., 2017). Nevertheless, laryngectomy is usu-
ally accompanied by voice loss with a subsequent negative
impact on patients’ quality of life (Brown et al., 2003;
Krishnan & Maclean, 2013). Consequently, an early rehabil-
itative measure represent a need to overcome these adverse
postlaryngectomy outcomes. Patients undergoing laryngec-
tomy featured psychological problems because of the inabil-
ity to communicate with others (Lorenz, 2017). Formation
of a tracheoesophageal fistula with a voice prosthesis (VPs)
insertion is now considered as the gold standard approach
and a routine procedure to restore voice after total laryngec-
tomy (Brown et al., 2003; Koch, 2002; Mahieu et al., 1986).
Multiple factors determine the choice of VPs, including
availability, cost affordability, patient preference, and device
lifetime (K. L. Hancock et al., 2013). In addition, the de-
vice lifetime remains the most important factor, as the shorter
the device lifetime, the more frequent replacement is, hence
much more expenses (Ameye et al., 2005; K. L. Hancock
et al., 2013). Moreover, complications can result in prosthe-
sis replacement. These include silicone degradation, candida,
incorrect length or even accidental extrusion, increased air-
flow resistance during speech, and less frequently excessive
granulation tissue formation (Brown et al., 2003; Koch,
2002; Slavicek et al., 2000). Each type of VPs has its own
benefits and limitations, which have been assessed in several
studies (K. L. Hancock et al., 2013; Harms et al., 2011;
Van Den Hoogen et al., 1996). However, there is a lack
of a systematic review and network meta-analysis (NMA)
comparing all aspects of these prostheses and ordering them
accordingly. In our study, we aimed to analyze the different
aspects concerning VPs; rank them according to each out-
come; and determine the most efficient, safest, patient-tailored,
longest lifetime, least complications, and inexpensive VP for
speech rehabilitation. In addition, we aimed to determine
the various factors affecting these VPs, for example, heat
and moisture exchanger (HME), antifungal drugs for colo-
nization, cost, and postoperative follow-up.

I aryngeal cancer is the most common malignancy

Method
Study Protocol Registration

This systematic review and NMA was conducted fol-
lowing the widely accepted Preferred Reporting Items for

2 Journal of Speech, Language, and Hearing Research « 1-14

Systematic Review and Meta-Analysis Statement 2009
(Moher et al., 2009). The detailed steps of methods are shown
in the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist (see Supplemental
Table S1) and other summarized articles (Tawfik et al., 2019).
We registered our protocol at PROSPERO with Registra-
tion Number CRD42017080110.

Search Strategy

On September 14, 2017, we searched for relevant ar-
ticles throughout 15 databases: PubMed, Google Scholar,
Scopus, Web of Science, EMBASE, VHL, WHO GHL,
Cochrane, Clinical trials.gov, mRCT, Science Direct, WHO,
CINAHL, POPLINE, and SIGLE. We performed a manual
search of possibly missed articles. There were no restrictions
regarding age, sex, race, country, publication date, or lan-
guage. We used a standard search strategy, which was later
modified according to each unique database. Detailed search
strategy for each database is placed in Supplemental Table S2.
Then, a new search was done on May 11, 2019, in same data-
bases to include all study design articles for inclusion of all the
new-era VP subtypes, which were not included in randomized
controlled trials (RCTs) trials, due to lack of RCTs in the new
era of this topic. Thus, we included other observational
studies with the existing RCTs to make the most out of the
existing literature and do not miss any important device used in
the market, which might help with physicians’ decisions upon
choosing the right device for the different patients.

Study Eligibility Criteria

We included all articles that assess VPs or factors af-
fecting their outcomes. Our exclusion criteria were (a) single
case articles; (b) studies with unavailable full text; (c) unreli-
able, incomplete, or unextractable, duplicated data; and
(d) animal, or in vitro studies only. Three independent
reviewers assessed the initially retrieved titles and abstracts
for eligibility and further for full-text screening. When
necessary, discrepancies were resolved by the opinion of
a senior reviewer (fourth reviewer). The selection proce-
dure of the study is summarized in the PRISMA flow diagram
shown in Figure 1.

Data Extraction

An extraction sheet was developed by the senior re-
viewers. Three reviewers independently extracted reliable
data from included articles. According to the primary out-
come of the study, we compare devices—Provox-1, Provox-2,
Provox ActiValve (AV), Provox non-indwelling device
(NID), Provox Vega, Sound-Producing Voice Prosthesis
(SPVP), Nijdam, Groningen Low Resistance (Riicker,
Schwarzer, Krahn, & Konig), Groningen Ultra Low Resis-
tance (ULR; Riicker et al.), BS low pressure (BS-LP)—
together to assess five outcomes by NMA to know better
the device in each outcome, which are patients’ preferences,
devices’ lifetime, devices’ replacement, maximum phonation
time (MPT), leakage, follow-up survival rate, prosthesis
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study design.
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deterioration, prosthesis inaccurate size, granulation, fistula
problems, dislodgement, stoma stenosis, speech intelligibility,
voice loudness, fundamental frequency, increase phonatory
effort, speech rate, and airflow resistance. The detailed defini-
tions of each outcome are shown in Supplemental Table S3.

Quality Assessment

Three independent reviewers have assessed each arti-
cle while doing the data extraction. We used the Cochrane
Collaboration’s tool for assessing the risk of bias of the 32
included RCT trials (J. P. Higgins et al., 2011). The assess-
ment was categorized into “low risk,” “high risk,” or
“unclear risk.” The remaining 169 non-RCT articles were
assessed by the different quality assessment tools provided
by the National Institutes of Health for observational co-
hort, cross sectional studies, and case-series studies National
Heart, Lung, and Blood Institute, n.d.). Regarding cross-
sectional and cohort studies, each study was given a score
out of 14 based on answering each question (Yes = 1, No =
0, NA = 0). A score of 10-14 indicated a good quality article,
5-9 for fair, and 1-4 for poor quality article. For the case-
series studies, total evaluation score was 9, a score from
7 to 9 indicated a good quality article, whereas a score from
4 to 6 for fair and 1-3 for poor quality articles.

Statistical Analysis

All equations used in extraction prior to analysis and
estimation of standard deviation from other variables is

found in Supplemental Table S4, with their references as
Hozo et al. (2005), Huy et al. (2013), Van Rijkom et al.
(1998), and Wan et al. (2014). Whenever two included studies
have the same sample size/data sets of patients, we merged
their results and selected mainly the newest with newer data
to overcome overinflation and overlap in our analysis results,
as some included studies were overlapped data sets from the
same patients (K. Hancock et al., 2012; Ward et al., 2011;
Zuur et al., 2008, 2009).

NMA

Frequentist NMA was used to compare the investi-
gated VPs’ outcomes within a single analytical framework
(J. Higgins et al., 2012). NMA was performed by R statistical
software Version 3.4.3 with the help of package “netmeta”
(Riicker et al., 2015). The NMA was reported in accordance
with the modified PRISMA guidelines for NMAs (Hutton
et al., 2015). A p value of 0 hypothesizes the worst efficacy
where 1 indicates the best. Due to the presence of 27 differ-
ent outcomes, overall NMA analysis was done to get the
best and worst device regarding overall outcomes analyzed
together using Hasse scatter plots (Riicker & Schwarzer,
2017). We provided NMA supplementary figures that in-
cluded all the analyses performed between all the devices in
the different outcomes, which consisted of three parts. The
parts were (see Supplemental Figure S1) network plots that
show direct and indirect comparisons. The size of the nodes
represents the total sample size of patients using those VPs.
The lines’ thickness corresponds to the number of included
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studies (see Supplemental Figure S2): League table showed
the results of NMA comparing effect size of different types
of devices, in which the top-left type was considered the most
efficient and safest VPs in that outcome (see Supplemental
Figure S3): forest plot, which arranges compared devices
according to p values, effect sizes of each of them, and its
95% confidence interval.

Partial Order Setting of NM A

Additional NMA partial order setting was done by
using overall Hasse scatter plots, partial order settings, and
ranked the devices using p values to compare patient pref-
erence with other VP outcomes (Riicker & Schwarzer, 2017).

Meta-Analysis

Finally, we made pairwise meta-analyses of second-
ary outcomes—factors affecting VPs, using Comprehensive
Meta-Analysis software (Version 3.9; Borenstein et al., 2005).
Heterogeneity was assessed with Q statistics and I’-test, con-
sidering it significant with I? value > 50% or p < .10. Publica-
tion bias was assessed with Egger’s regression test (Begg &
Mazumdar, 1994) and represented graphically by Begg’s
funnel plot, where Egger’s regression p < .05 was considered
significant, with applying trim and fill method of Duvall and
Tweedie (Sue & Richard, 2000). We performed a sensitivity
analysis by removing one study to detect any elimination of
the significance of the results. We reported uncertainty of our
comparisons through reporting point estimate with 95% con-
fidence interval (Tonin et al., 2017). Due to different follow-
up endpoints relating to different aspects of VPs’ outcomes,
we did analysis upon the most repeated point in all studies of
this outcome.

Results
Literature Search and Study Characteristics

The 201 included articles reported 11,918 laryngecto-
mized patients (see Figure 1). One hundred twenty articles
were included in our NMA; meanwhile, 27 articles were in-
cluded in our meta-analysis. The mean age ranged between
17 and 90 years old, with males constituting the majority
of participants (8546 = 71.7%). Most of the patients re-
ceived radiotherapy 4340 (65%), with a follow-up range
of 0.5-133 months. Detailed characteristics of the included
RCTs are shown in Supplemental Table S5.

Risk of Bias Assessment

Risk of bias assessment of 169 non-RCT articles were
assessed by National Institutes of Health tool and revealed
32 articles were ranked good, 107 were fair, and 30 were
poor (see Supplemental Table S5). Regarding risk of bias for
included 32, RCT trials were assessed by ROB Cochrane
tool and revealed nine with low risk, 23 with unclear risk,
and none with high risk (see Supplemental Figure S1). The
overall incomplete outcome data and selective reporting bias
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remained low risk across studies, while allocation concealment,
blinding of participants, and other bias were not adequately
reported. In summary, all included RCTs were rated to be

of either low or moderate risk (see Supplemental Figure S2).

Primary Outcomes
Devices’ Replacements (27 Articles/5,724 Patients)

Through the 5,861 replacements that were done—
some patients replaced more than one device (Van Den
Hoogen et al., 1996)—2,256 were for Provox-1, 2,048 for
Provox-2, 1,065 for Groningen LR, 272 for Blom-Singer
low pressure, and 220 for Nijdam. The network of com-
parisons on rates of device replacements was shown in Sup-
plemental Figures S3A-S3C, where Provox-1 had the lowest
replacement rates than others (risk ratio [RR] = 0.69 [0.19,
2.51]; p = .74), followed by Nijdam (RR = 0.78 [0.09, 6.73];
p = .64) and Groningen ultra low resistance (ULR; RR = 0.81
[0.07, 9.14]; p = .62), respectively. The highest rate of replace-
ment was figured in the SPVP (RR = 10.10 [0.71, 144.07];
p = .05) compared to BS-LP (see Supplemental Figure S3C).

Devices’ Lifetime (33 Articles/4,777 Patients)

About 2,052 patients using Provox-1, 2,048 using
Provox-2, 1,065 using Groningen LR, 272 using BS-LP,
and 220 using Nijdam were included in the network of
comparisons on mean devices’ lifetime (see Supplemen-
tal Figures S4A-S4C), where Provox AV ranked the most
living device (mean difference [MD] 17.25 [0.40, 34.09];
p = .97, years), while BS-LP showed the shortest life
(MD 4.97 [-11.09, 21.03]; p = .24, years) compared to BS
Advantage. Additionally, Nijdam was second in long life-
time of device (MD 9.87 [-6.67, 26.42]; p = .73, years),
followed by Provox-1, Groningen LR, and Groningen ULR
(see Supplemental Figure S4C).

Airflow Resistance (Eight Articles/ 1,850 Patients)

Patients using prosthesis suffered from the airflow re-
sistance mostly while using the Nijdam (RR = 1.31 [0.22,
7.67]; p = .28), while the least percent of airflow resistance
was clear in Provox 2 (RR = 0.42[0.08, 2.11]; p = .84);
those results were compared to Groningen LR (see Supple-
mental Figures SSA-S5C).

MPT (13 Articles/639 Patients)

Regarding voice control measurement, 229 were using
BS-LP, 115 were using Provox-1, 69 were using Provox HME,
14 were using Groningen LR, and six were using Panje. The
network of comparisons on mean MPT was shown in Supple-
mental Figures SOA-S6C, where Provox HME had the highest
mean phonation time than others compared to BS Advantage
(MD 6.30 [3.34, 9.26]; p = 1, seconds), followed by BS adjust-
able tracheostoma valve (MD 3.00 [-0.35, 6.35]; p = .87,
seconds) and Provox FreeHands HME (MD -2.90 [-6.07,
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0.27]; p = .59, seconds), respectively (see Supplemental
Figure S6C).

Leakage Rates (40 Articles/ 1,493 Patients)

Leakage is the most reported complication, with 1,985
patients suffered from leakage around VPs. A network of
comparisons on leakage rates was shown in Supplemental
Figures STA-S7C, where Provox Vega had the lowest leak-
age rate than others compared to BS-LP (RR = 1.87 [0.97,
3.60]; p = .72). While Provox-2 (RR = 2.08 [1.11, 3.88]; p =
.53) and Nijdam (RR = 2.23 [1.27, 3.90]; p = .47) followed
Provox Vega that recorded the best, respectively (see Sup-
plemental Figure S7C).

Speech Rate (Four Articles/63 Patients)

Through using various devices, we compared speech
rate versus BS-LP, where Groningen LR was found worse
than BS-LP (MD —1.75 [-24.67, 21.17]; p = .44; see Sup-
plemental Figures S8A-S8C).

Patient Device Preference (21 Articles/
932 Patients)

In our analysis, we compared the devices versus BS-LP,
and we figured that most of the patients preferred Provox-2
(OR = 33.88 [0.65, 1762.24]; p = .92), followed by Provox-1
(OR = 12.04 [0.27, 538.08]; p = .78), and Provox XtraHME
(OR = 13.09 [0.18, 974.17]; p = .78). Meanwhile, the least
preference VPs were for the external humidifier with (OR =
0.04 [0.00, 1.22]; p = .09; see Supplemental Figures SOA-S9C).

Stoma Cleaning (Two Articles/137 Patients)

In comparison to Provox-1, we have found that Provox
HME needed less stoma cleaning than Provox-1 (MD —1.19
[-2.26, —0.12]; p = .99; see Supplemental Figures SI0A-S10C).

Breathing Problems (Four Articles/ 144 Patients)

Our analysis compared those devices versus the exter-
nal humidifier. Our results showed that Provox XtraHME
(RR = 1.70 [0.08, 36.57]; p = .43) and Provox HME (RR =
1.70 (0.11, 27.40]; p = .43), were associated with more breath-
ing problems (see Supplemental Figures S11A-11C).

Coughing Frequency (Four Articles/246 Patients)

Regarding the coughing frequency, our analysis found
the least coughing frequency for Provox XtraHME versus
Provox-1 (MD —-4.13 [-11.15, 2.88]; p = .72), followed by
Provox HME (MD -3.63 [-7.53, 0.27]; p = .70; see Supple-
mental Figures SI2A-S12C).

Forced Expectorations ( Three Articles/193 Patients)

In comparison to Provox-1, Provox HME and Provox
XtraHME (MD -13.32 [-35.58, 9.21]; p = .69) showed lesser

forced expectorations than Provox-1 (MD —13.12 [-50.81,
24.56]; p = .70) (see Supplemental Figures SI3A-S13C).

Sputum Production (Two Articles/110 Patients)

The production of sputum was investigated along the
usage of prosthesis devices versus external humidifier, where
Provox HME ranked the lowest device (MD —3.00 [-4.55,
—1.45]; p = .96), followed by Provox-1 (MD —3.00 [-4.50,
3.90]; p = 0.32; see Supplemental Figures S14A-14C).

Sleeping Problems (Two Articles/85 Patients)

Versus the external humidifier, we figured that Provox
HME is the lowest device causing sleeping problems (RR =
0.23[0.09, 0.56]; p = 1), followed by Provox-1 (RR = 0.30
[0.12, 0.78]; p = .50; see Supplemental Figures S1SA-S15C).

Loosening of Adhesive ( Three Articles/
129 Patients)

We figured that Provox HME was better than the
external humidifier (MD -3.00 [-4.55, —1.45]; p = .96),
followed by the Provox-1 (MD —0.30 [-4.50, 3.90]; p = .32;
see Supplemental Figures S16A-S16C).

Increase Phonatory Effort (Four Articles/
75 Patients)

Versus BS-LP, we found that Provox Vega has better
results (OR = 4.11 [1.29, 13.06]; p = .99; see Supplemental
Figures S17A-S17C).

Voice Speech Quality (Six Articles/620 Patients)

The quality of the voice speech was found better in
Provox Vega versus BS-LP (OR = 16.41 [4.33, 62.22]; p = 1),
followed by Panje (OR = 1[0.16, 6.08]; p = .25; see Supple-
mental Figures SISA-S18C).

Fundamental Frequency (Eight Articles/
148 Patients)

In comparison to Groningen LR, we found that SPVP
recorded the highest place (MD 96.33 [17.29, 175.33]; p = .99),
followed by the Provox-1 (MD 0.08 [—4.21, 4.36]; p = .26;
see Supplemental Figures SI9A-S19C).

Voice Loudness (Seven Articles/247 Patients)

Versus the BS-LP, all other prostheses were worse
than BS-LP where Provox NID was the least VP in voice
loudness (MD —1.00 [—4.62, 2.62]; p = .39; see Supplemental
Figures S20A-S20C).

Speech Intelligibility (Seven Articles/692 Patients)

Versus the Groningen LR, we have investigated the
speech intelligibility between devices to figure that Nijdam
was the first place (MD 3.02 [0.12, 74.99]; p = .87), followed
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by Groningen LR, and then Provox-1 (MD 0.10 [0.02, 0.55];
p = .01) in Supplemental Figures S21A-S21C.

Stoma Stenosis (Eight Articles/437 Patients)

In comparison to BS-LP, we investigated the stoma
stenosis and figured out that Provox Vega has more stoma
stenosis records (RR = 5.25[2.06, 13.04]; p < .001; see Sup-
plemental Figures S22A-S22C).

Dislodgement (31 Articles/2,977 Patients)

We have found Provox-2 had the least dislodgement
results (RR = 0.27 [0.13, 0.57]; p = .79), followed by the
Provox Vega (RR = 0.28 [0.12, 0.67]; p = .71; see Supple-
mental Figures S23A-S23C).

Fistula Problems (13 Articles/ 1,767 Patients)

The fistula recorded problems along with the usage
of the prosthesis devices; we investigated the reported prob-
lems with the usage of various devices. Versus ESKA-
Herrmann, Groningen LR was recorded the best VP with the
least fistula problems (RR = 0.76 [0.50, 1.18]; p = .87),
followed by Provox-1 (RR = 0.87 [0.66, 1.15]; p = .59), and
Nijdam (RR = 0.96 [0.61, 1.51]; p = .31; see Supplemental
Figures S24A-S24C).

Granulation (23 Articles/ 3,474 Patients)

Versus BS-LP, Provox-2 was found to have the least
granulation formation (RR = 0.73 [0.02, 26.32]; p = .60),
followed by Provox-1 (RR = 0.95[0.13, 7.03]; p = .53), and
Provox Vega (RR = 0.87 [0.01, 63.18]; p = .53), respectively,
unlike the Nijdam that ranked the last with the highest gran-
ulation formation (RR = 1.93[0.10, 36.18]; p = .30; see Sup-
plemental Figures S25A-S25C).

Breathing Experience (Four Articles/116 Patients)

Versus the external humidifier, the Provox HME
ranked the first place (OR = 2.03 [0.09, 47.12]; p = .59)
followed by Provox XtraHME (OR = 2.03 [0.06, 65.56];
p = .58; see Supplemental Figures S26A-S26C).

Prosthesis Inaccurate Size (Four Articles/
388 Patients)

Our investigation also extended to include the accu-
racy of the prosthesis size; versus Provox-1, we figured that
Provox-2 had more accurate VP size (RR = 0.77 [0.23, 2.61];
p = .66; see Supplemental Figures S27A-S27C).

Prosthesis Deterioration ( Three Articles/
200 Patients)

In addition, we figured that Provox-2 recorded more
VP deterioration than Provox-1 (RR = 2.62 [0.88, 7.81];
p = .04; see Supplemental Figures S28A-S28C).
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Follow-Up Survival Rate ( Three Articles/
135 Patients)

Lastly, Provox-1 had better follow-up survival rate
than BS-LP (OR = 1.99 [0.49, 8.15]; p = .83; see Supple-
mental Figures S29A-S29C).

Overall Hasse Results

Our results showed the devices ranking regarding over-
all 27 outcomes in terms of p values and rounded them to
two decimals, where the best nearer to 1 and the worst
nearer to zero, as given in Table 1. Provox-2 was the best
VP with a mean p value of .59 in five outcomes, while Pro-
vox AV had the highest mean p value in only one outcome.
Provox-2 was the most preferable by the patients, the best
in airflow resistance, dislodgement, granulation, and pros-
thesis inaccurate size with p values of .89, .84, 1, .61, and
.60, respectively (see Table 1). Besides, Provox AV had the
best overall mean p value of .78 regarding only two out-
comes, being the best in device life time only (p = 1). Provox-1
was the second best VP following Provox-2, being the best
in MPT, device replacements, prosthesis deterioration, and
follow-up survival rate with p values of .83, .74, .96, and
.83, respectively (see Table 1). The lowest scores were set-
tled by the Groningen LR and Nijdam with both mean p
value of .44 (see Table 1). In the meantime, Groningen LR
was the least in case of leakage, speech rate, MPT, and
fundamental frequency with p values of .29, .44, .09, and
.25, respectively (see Table 1). Nijdam was the worst in
airflow resistance, patient device preference, fistula prob-
lems, and granulation formation with p values of .28, .09,
.18, and .29, respectively (see Table 1). While Provox NID
had the worst overall mean p value of .43 in only one out-
come, which was voice loudness (p = .37; see Table 1).

Partial Order Setting According
to Patients’ Preferences

To control the confusion of multiple outcomes, we
compared features of devices according to patients’ prefer-
ences in order to determine what are the best choices.
Provox-2 was considered the best device for both the airflow
resistance and the leakage (see Figures 2A and 2B); never-
theless, the lack of Provox-2 may elect Provox-1 and Gro-
ningen LR to be its replacement, as determined by the
patients’ preference. Regarding phonation time, fundamen-
tal frequency, and speech intelligibility, Provox-2 was cho-
sen as the best VP, followed by the Provox-1 according to
patients’ preference (see Figures 3A and 3B and Figure 4A).
In case of dislodgement, the patients preferred the Provox-1,
followed by Provox-2 (see Figure 4B). Regarding device re-
placement, if the Provox-1 was not available, the patients
preferred the Provox-2, followed by Groningen (see Figure 5A).
However, concerning the device lifetime, the favorable choice
to the patients was Provox-1 followed by the Groningen (see
Figure 5B). Regarding fistula problems, the patients have
favored the Provox-1, followed by Provox-2 and Groningen
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Table 1. Overall network meta-analysis Hasse table results for assessing the most efficient, safest, patient-tailored, longest lifetime, least
complications voice prosthesis.

Blom-Singer Groningen Groningen Provox Provox Provox
Outcomes LP LR ULR Nijdam Provox-1 Provox-2 AV NID Vega SPVP
Devices replacements 0.56 0.40 0.62 0.64 0.74 0.44 0.57 0.49 0.48 0.05
Device lifetime 0.10 0.58 0.62 0.72 0.62 0.31 1.00 NA 0.23 NA
Airflow resistance NA 0.39 0.43 0.28 0.49 0.84 NA NA NA NA
Leakage 0.99 0.29 NA 0.47 0.00 0.53 NA NA 0.72 NA
Speech rate 0.51 0.44 NA NA NA NA NA NA NA NA
Maximum phonation 0.58 0.09 NA NA 0.83 NA NA NA NA NA
time
Patient device preference NA 0.35 NA 0.09 0.67 0.89 NA NA NA NA
Increase phonatory effort 0.01 NA NA NA NA NA NA NA 0.99 NA
Fundamental frequency NA 0.25 NA NA 0.26 NA NA NA NA 0.99
Voice loudness 0.64 NA NA NA 0.49 NA NA 0.37 NA NA
Speech intelligibility NA 0.62 NA 0.87 0.01 NA NA NA NA NA
Stoma stenosis 1.00 NA NA NA NA NA NA NA 0.00 NA
Dislodgement NA NA NA NA 0.00 1.00 NA NA NA NA
Fistula problems NA 0.86 NA 0.18 0.46 NA NA NA NA NA
Granulation 0.51 0.52 NA 0.29 0.54 0.61 NA NA 0.53 NA
Prosthesis inaccurate NA NA NA NA 0.34 0.66 NA NA NA NA
size
Prosthesis deterioration NA NA NA NA 0.96 0.04 NA NA NA NA
Follow-up survival rate 0.17 NA NA NA 0.83 NA NA NA NA NA

Note. Groningen LR = Groningen low resistance; Groningen ULR = Groningen ultra low resistance; Provox NID = Provox non-indwelling
device; Provox AV = Provox ActiValve; SPVP = Sound-Producing Voice Prosthesis; NA = not applicable.

Figure 2. (A) Partial ranking of devices according to airflow resistance. (B) Partial ranking of devices according to leakage. Groningen LR =
Groningen low resistance; Groningen ULR = Groningen ultra low resistance; Provox NID = Provox non-indwelling device; Provox AV = Provox
ActiValve; SPVP = Sound-Producing Voice Prosthesis.
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Figure 3. (A) Partial ranking of devices according to maximum phonation time. (B) Partial ranking of devices according to fundamental frequency.
Groningen LR = Groningen low resistance; Groningen ULR = Groningen ultra low resistance; Provox NID = Provox non-indwelling device; Provox

AV = Provox ActiValve; SPVP = Sound-Producing Voice Prosthesis.
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LR (see Figure 6A). For granulation, the patients favored
Provox-2 in the first place, followed by the Provox-1 and then
Groningen LR (see Figure 6B). For the size accuracy of pros-
thesis and prosthesis deterioration, Provox-1 was on the top of
the list; if not available, patients chose to use Provox-2
and then Groningen LR (see Figures 7A and 7B).

Aspiration Pneumonia (Four Articles/274 Patients)

Regarding aspiration pneumonia, Provox-2 recorded
the highest percentage of aspiration results (6.3%). On the
other hand, Provox-1 had recorded the least device with as-
piration pneumonia (3.4%; see Supplemental Figure S30A).

Fungal Colonization (Six Articles/213 Patients)

The fungus managed to colonize on top of prosthesis
of 81% and 65.2% of Provox-2 and Provox-1, respectively.
At the same time, half of the BS cases showed also coloni-
zation, leaving it as a grave burden for the laryngectomy
patients (see Supplemental Figure S30B).

Experience With Speaking (Seven Articles/
215 Patients)

Most of “Provox Hands-free HME ENB” patients
proved they were fluent in speaking (79.2%), while the
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“Provox Hands-free HME” were the least fluent patients
(20.8%). On the other hand, half of BS-LP patients and Pro-
vox HME were fluent in speaking while using these devices
(see Supplemental Figure S31A).

Skin Irritation (Nine Articles/417 Patients)

Among adverse effects, our meta-analysis showed that
laryngectomized patients using a prosthesis (18.9%) reported
skin irritation., where Provox StabiliBase recorded the high-
est skin irritation (57.1%; see Supplemental Figure S31B).

Qualitative Descriptive Synthesis
Chemoprophylaxis

Some studies have shown that chemoprophylaxis could
be used for prevention of fungal infection of VPs. Weissenbruch
et al. reported that the use of a buccal bioadhesive slow-
release tablet containing an antimycotic agent prevented
fungal colonization and deterioration of silicone VPs (Van
Weissenbruch et al., 1997). Also, Ameye et al. agreed that
these tablets increased significantly the lifetime of devices
and more effective than local cleaning (Ameye et al., 2005).
Driven et al. had reported that the new moldable external
neck brace (ENB 2.0) achieved increasing the lifetime of the
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Figure 4. (A) Partial ranking of devices according to speech intelligibility. (B) Partial ranking of devices according to dislodgement. Groningen
LR = Groningen low resistance; Groningen ULR = Groningen ultra low resistance; Provox NID = Provox non-indwelling device; Provox AV =

Provox ActiValve; SPVP = Sound-Producing Voice Prosthesis.
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adhesive baseplate of hands-free speech (Dirven et al., 2013,
2012).

Cost

Three articles (Graville et al., 2011; Kesteloot et al.,
1994; Kress et al., 2006) hailed the cost of each device with
a significant variation; however, they agreed that the high-
est price is settled by the Provox AV or Provox-2. BS-LP
cost the lowest price, according to one study.

Discussion

Our study results revealed that the top-ranked device
according to our results was Provox-2, showing the best re-
sults regarding most of the VPs’ outcomes, patients’ device
preference, airflow resistance, dislodgement, granulation for-
mation, and VPs’ inaccurate size. These results are supported
by Harms et al. (2011), Kilic et al. (2014), Mastronikolis
et al. (2008), Op de Coul et al. (2000), Terada et al. (2007),
and Thylur et al. (2016), whose populations significantly
favored Provox-2 results. On the contrary, Delsupehe et al.
(1998) results have declared that both Provox-1 and Blom-
Singer are equivocal in terms of overall voice quality, life-
time, and patient satisfaction. However, when interpreting
these results, we should bear in mind that the Delsupehe
study was performed before the Provox-2 invention.

The superiority of the Provox-2 over the other gener-
ations is justified by recording the best p value in the air-
flow resistance, patient device preference, dislodgement,
granulation, and prosthesis inaccurate size. Considering that
the increased airflow resistance was linked to the formation
of biofilms over the device (Ishikawa et al., 2020), to our
surprise, the Provox-2 device has shown more biofilm colo-
nization when compared to its silicon control (Leonhard
et al., 2018). However, the overall causes of increased air-
flow resistance were low in Provox-2, including the leakage
through the prosthesis and excessive crusting (Laccourreye
et al., 1997). Advantageously, while the dislodgement of
the VP is thought to be a serious condition as it may cause
the fistula tract (Masaany et al., 2009), the Provox-2 is the
lowest device to cause fistulas. Besides, the formation of
granulation tissue around the tracheoesophageal fistula rep-
resented a problem (Hagen, 1990) but Provox-2 was the best
device to reduce the granulation tissue formation compared
to other devices.

By assessing the device lifetime, Provox AV showed
superiority over Provox-2, Provox-1, Groningen, and Nijdam.
In contrast to our findings, Hoogen et al. (Van Den Hoogen
et al., 1996) reported that Nijdam had higher lifetime over
Provox-1 and Groningen upon using the right length of the
device. However, with the long-term use of antifungal
medications either in the form of a daily application of
nystatin buccal bioadhesive tablets (Ameye et al., 2005) or
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Figure 5. (A) Partial ranking of devices according to device replacement. (B) Partial ranking of devices according to device lifetime. Groningen
LR = Groningen low resistance; Groningen ULR = Groningen ultra low resistance; Provox NID = Provox non-indwelling device; Provox AV =

Provox ActiValve; SPVP = Sound-Producing Voice Prosthesis.
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miconazole (Van Weissenbruch et al., 1997), Provox-1 would
have a highly extended mean device lifetime compared to
controls. Also, we can reply that Hoogen study was imple-
mented in 1996, while the start of Provox and its generations
were at the beginning of 1990s (Hilgers & Schouwenburg,
1990), leaving no space to have a well-balanced comparison.

On the other hand, the Groningen LR and Nijdam
shared the same position as the worst device according to
our analysis. Notably, Groningen LR reported the lowest
scores in the leakage, MPT, speech rate, and fundamental
frequency. On the other hand, Nijdam showed the highest
airflow resistance, granulation, and fistula problems and
was considered the least preferable device. Therefore, there
was no preference for the Groningen LR nor the Nijdam,
which came in concordance with our analysis (Chung et al.,
1998; Van Den Hoogen et al., 1996).

Furthermore, Provox-2 had the highest mean MPT
followed by Provox-1, Panje, and Groningen, respectively.
However, some of the included studies found no significant
difference between the assessed devices (Chung et al., 1998;
Delsupehe et al., 1998), which may be a result of the low
sample size. Moreover, Provox-1 showed the least leakage
rates followed by Groningen, Nijdam, and BS, respec-
tively. We can stem that back to the proper intervention
to insert the Provox-1 and its design to solve the insertion
problem.
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Surprisingly, Provox-2 recorded aspiration pneumo-
nia as a complication more than the Provox-1. However,
there are numerous risk factors to cause aspiration pneu-
monia regardless the type of the device like the cough
stimulation, the alcohol abuse, prior radiotherapy, and neuro-
logical diseases (Conte et al., 2012). Besides, the studies re-
ported aspiration pneumonia represented small samples that
may represent a bias. Therefore, a further investigation
should find out if there is a true relationship between Provox-2
and the aspiration pneumonia.

Unfortunately, the smooth surfaces of Provox-2 and
Provox-1 jeopardized the cleanliness of the prosthesis and
left the chance for the bacteria to colonize. In fact, differ-
ent designs have been used to reduce the biofilm formation
over the valve starting from the hinged valve flap, slit valve,
tripod ball valve, and the valveless type. Nevertheless, all
valves were exposed to the colonization of the bacteria
(Leonhard et al., 2010). Therefore, a further modification is
needed to reduce the colonization and increase the lifetime
of the device.

From the perspective of using supplementary gadgets,
HME users had significantly less cough frequency, less spu-
tum production, fewer stoma cleaning attempts, and lower
frequency of forced expectoration in addition to less sleep-
ing problems—but this finding is insignificant. However, a
trial (Bien et al., 2010) reported a significant reduction in
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Figure 6. (A) Partial ranking of devices according to fistula problems. (B) Partial ranking of devices according to granulation. Groningen LR =
Groningen low resistance; Groningen ULR = Groningen ultra low resistance; Provox NID = Provox non-indwelling device; Provox AV = Provox

ActiValve; SPVP = Sound-Producing Voice Prosthesis.
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pulmonary problems of cough and forced expectoration and
improvement in related aspects among those using HME,
noting that compliance is the key to reach these findings.
Cost perspective is an essential parameter to compare dif-
ferent VPs (Kress et al., 2014); however, the cost of the
Provox-1 and its generations may be considered as a cost-
effective (Kress et al., 2014).

Internal validity of our analysis is supported by many
factors, by being conducted in strict accordance with the
Cochrane handbook of systematic review (J. P. Higgins &
Green, 2011) and reported according to the recommenda-
tions of the PRISMA statement (Moher et al., 2009). Choos-
ing the NMA approach resulted in applying evidence to a
wider range of patients giving more reliable results and us-
age of p values ranking in scatter plots giving a higher ap-
plicability according to partial ranking order assumption
(Riicker & Schwarzer, 2015).

Limitations

First, infeasibility of some factors as financial status,
radiotherapy, dose/duration, and time since radiotherapy
to be analyzed in an NMA was the main limitation because
of the lack of a common comparator, which made it diffi-
cult to assess the impact of such factors on defining various
aspects of efficiency of VPs and its effect on the quality of

life. We tried to solve this issue by assessing it using a qual-
itative analysis after reviewing several related articles in the
literature. Besides, choosing the NMA approach to put dif-
ferent kinds of devices in a ranked order resulted in apply-
ing evidence to a wider range of individuals giving more
reliable results. A huge number of population included from
different regions across the world make our study an impor-
tant stepping stone for further assessment of this problem
for future implications.

The second limitation is that the different devices are
developed at different years and the newer devices are sup-
posed to be made of better materials to achieve better out-
comes, yet this issue was not investigated before and it might
be a source of bias. However, we included all types of VPs
without any exclusion to any specific one, as for fear of selec-
tion bias, and for bias of how to classify exact limit for which
are new/old devices. Therefore, we provided all the currently
used names from the literature and the manufacturing com-
pany. Lastly, the availability of the devices is quite variable
based on the country of practice.

Conclusions

Provox-2 was found to be the best device than others
regarding patients’ preference, airflow resistance, dislodg-
ment, granulation formation, and prosthesis inaccurate size,
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Figure 7. (A) Partial ranking of devices according to prosthesis accuracy. (B) Partial ranking of devices according to prosthesis deterioration.
Groningen LR = Groningen low resistance; Groningen ULR = Groningen ultra low resistance; Provox NID = Provox non-indwelling device;
Provox AV = Provox ActiValve; SPVP = Sound-Producing Voice Prosthesis.
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while Provox-1 has shown to be the second choice in terms
of MPT, device replacement frequency, voice loudness, de-
vices deterioration, and follow-up survival rates. Patients fa-
vored adding HME on top of their devices, as they decrease
VP problems such as stoma cleaning, breathing and sleeping
problems, coughing frequency, forced expectorations, spu-
tum production, and loosening of adhesives. Besides, HME
had better results than other devices regarding MPT and
breathing experience. Groningen LR and Nijdam were con-
sidered the worst devices according to our analysis.
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