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Abstract

Purpose The purpose of this study is to assess the general course of acoustic, patient rated, and clinician-rated voice out-
comes from pre- up to 12 months post total laryngectomy.

Methods Patients admitted to a total laryngectomy in five participating hospitals in Australia and The Netherlands were
included. Assessments took place at pre-, 3 months, 6 months, and 12 months post-surgery. Voice outcomes are evaluated
with the Acoustic Voice Quality Index (AVQI), perceptual scales, and patient-reported outcome measures including VHI-
10 and EQ-5D-5L. Statistical analyses include descriptive statistics, f tests (pre- to 6 months post-surgery), Linear Mixed
Effect models.

Results The study included 43 participants. A significant worsening of AVQI is seen from pre- to post-surgery evaluated with
t test (p<0.001). The Linear Mixed Effect model confirmed Time as a significant factor in predicting AVQI score (p <0.001),
as well as perceptual rated voice quality by the clinician (p =0.015) and patient-reported perceptual rated voice quality
(p=0.002). No statistical significance was found in VHI-10 scores over time.

Conclusion Successful TE-speech was achieved in most participants, some had to rely on augmentative alternative com-
munication methods. Patient-reported outcomes indicate acceptance of the condition and sufficient coping in the long term.
However, acoustic rated voice quality is abnormal at all post-surgery time-points. AVQI proved to be a useful instrument
to evaluate TE-speech. There is a need for validation and determination of cut-off values for VHI-10 and AVQI for use in
TE-speech.

Keywords Total laryngectomy - Voice outcome - Acoustics - Perceptual - Patient-reported

Introduction (TE-speech) [1-3]. If this is not possible, alternative com-

munication methods include esophageal speech, electrolar-
One of the most important rehabilitation goals after total ~ ynx speech, or augmentative alternative communication.
laryngectomy is voice rehabilitation. To compensate for ~ Successful TE-speech after laryngectomy is not guaranteed
the loss of voice, patients ideally rehabilitate speech with  as outcomes in intelligibility, voice quality, and experienced
a voice prosthesis, so called Tracheo-Esophageal Speech
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voice handicap varying vary strongly between laryngecto-
mized patients.

To evaluate voice outcomes, it is recommended to use
multi-dimensional analysis which combines objective and
subjective outcome measures [4]. Voice recordings of con-
nected speech and sustained phonation can be used to objec-
tively measure voice outcomes with acoustic analysis, focus-
ing on pitch, perturbation, and harmonics-to-noise ratio. The
Acoustic Voice Quality Index (AVQI) is a widely used meas-
ure reflecting a number of acoustic outcomes in one score [5,
6]. Subjective measures, on the other hand, include clinician
and patient-rated perceptual evaluation of voice and speech,
and Patient-Reported Outcome Measures (PROMs) assess-
ing Quality of Life (QoL) and speech-related QoL.

Little is known about the course of voice outcomes in the
first year after surgery [2]. Present studies, prospectively
assessing the course of QoL and reported voice problems,
demonstrated that, in the long term, health related QoL and
speech-related QoL improve post-surgery compared to pre-
laryngectomy [7—12]. Before laryngectomy QoL is often
lower compared to the reference standard due to initial organ
preservation treatment or by the tumour itself [7, 8]. Imme-
diately after laryngectomy QoL scores drop even further.
The following year after surgery some patients recover back
to baseline whilst some do not recover [7, 8]. For longitu-
dinal QoL studies there is a significant selection bias, as
patients whose health problems prevent their participation
through the duration of the study are often excluded from
study analysis, which may result in over optimistic QoL out-
comes [7, 13—15]. Studies reporting acoustic voice outcome
after total laryngectomy often compare different groups of
voice restoration methods, and most report only on sufficient
or even excellent speakers, potentially leading to selection
bias [2, 16-18]. Despite this, several studies have demon-
strated that poorer speech-related QoL is associated with
lower health-related QoL scores after total laryngectomy
[19, 20].

Prospective multidimensional evaluation overall groups
of substitute-voice-speakers after laryngectomy has not yet
been described in the literature. This study aims to assess the
change of acoustic, patient rated, and clinician-rated voice
outcomes from pre-up to 12 months post-surgery. These
outcomes could potentially play a role for both patients and
clinicians to assist them in counselling and decision-making
regarding treatment and rehabilitation.

Methods
Study design

A prospective multicenter design was conducted over five
hospitals. Data was collected between April 2015 till May
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2019 in the following institutes: [xxx], [xxx], [xxx], [xxx],
[xxx]. Ethical clearance was obtained for the [xxx] (number
[xxx]) as well for [xxx] (Protocol [xxx]).

Patients eligible for total laryngectomy were approached
to participate. Inclusion criteria were: over 18 years of age,
curative intent laryngectomy, physically and cognitively able
and willing to perform assessments. Informed consent was
obtained from all participants. When participants during the
course of the study were palliated or died, follow-up assess-
ments were cancelled.

Data were collected at four time-points for each par-
ticipant: prior to total laryngectomy (TO0), 3 months (T1),
6 months (T2), and 12 months (T3) post-surgery. Study
assessments included perceptual evaluation, voice record-
ings and patient-reported outcome measures (PROMs). Data
collection was performed by an experienced Speech Lan-
guage Pathologist (SLP). Voice recordings included reading
aloud a text, phonation of the vowel/a/at normal pitch, as
well as low, high, soft and loud.

Visual Analogue Scales (VAS) were used to perceptual
rate voice quality, resulting in a score of 0 to 10, with 0
representing worst and 10 indicating the best voice quality.
Perceptual scores were provided by the clinician as well as
the participant, resulting in the variables Perc. Voice SLP
and Perc. Voice Pt. The use of this VAS perceptual scales
are derived from a dedicated perceptual rating scale for sub-
stitute voices [21].

PROMs consisted EQ-5D-5L and Voice Handicap Index
10 item version (VHI-10). The EQ-5D-5L is a validated
patient-report questionnaire that assesses a patient’s current
health-related QoL [22]. It consists of 5 dimensions: mobil-
ity, self-care, daily activities, pain/discomfort and anxiety/
depression. The final continuous outcome ranges from 0 to
1, a higher score indicates better health-related QoL [22].
Scores were interpreted with the Dutch country-specific ref-
erence values [23]. The VHI-10 assesses experienced voice
handicap [24]. VHI-10 includes ten questions covering three
sub-themes: functional, physical and emotional. The total
VHI-10 continuous outcome is a score ranging from 0 to 40,
a higher score indicates a greater handicap. Scores above 11
are considered as abnormal [20, 24-26]. The VHI-10 is a
widely used and validated questionnaire, although not spe-
cifically validated for use after total laryngectomy.

Demographics and oncological history

Demographics and oncological history were collected dur-
ing the first and second assessment. Demographic variables
included sex and age at the time of surgery. Oncological his-
tory included tumour site, T-stage, and N-stage as defined by
the pathologist post-surgery, timing of (chemo)radiotherapy,
and primary, functional or salvage indication for total lar-
yngectomy. Surgery specific data included neck dissection,
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neopharyngeal reconstruction, tongue base resection,
myotomy of the upper esophageal sphincter, primary voice
prosthesis placement, and secondary voice prosthesis place-
ment. In the finalizing phase of the study the variables were
checked with information retrieved from the local data desk.

Acoustic analysis

Segmentation, acoustic analysis, and obtaining AVQI scores
is performed using Praat [27]. The main outcome measure
Acoustic Voice Quality Index (AVQI) requires recordings of
a sustained vowel/a/and a read aloud text [5, 6]. Sustained/a/
sounds of at least 3 s were used. If no single realization of 3 s
was available, realizations were concatenated. From the read
aloud text or read aloud sentences 4 s of connected speech
was used. If these included long pauses, these were removed.
The AVQI algorithm includes the cepstral peak prominence,
harmonics-to-noise ratio, shimmer local, shimmer local dB,
as well as the slope and tilt of the regression line through the
long-term average spectrum. When incorporated into Praat,
the analysis script estimates an AVQI score, which ranges
from O to 10. A lower score indicates a better voice qual-
ity, >2.95 is the cut-off point, scores above are indicated as
distorted. Participants who were unable to produce voice
post-surgery but did perform the assessment were rated with
an AVQI score of 10.

Statistical analysis

The data is analysed with the help of IBM SPSS software
to perform descriptive statistics [28] and R [29] for infer-
ential statistics and modelling. No sample size calculation
was performed since numbers of inclusion were based on the
available patients admitted to TL.

Study sample characteristics were tabulated and visual-
ized. Primary outcomes were VHI-10, AVQI, Perc. Voice
SLP, and Perc. Voice Pt. Paired ¢ tests between TO and T2
were performed with a statistical significance level set at
p <0.05. To investigate treatment variables, three onco-
logic treatment variables were transformed to dichotomous

variables, including (a) primary surgical treatment vs. sal-
vage surgical treatment, (b) primary closure vs. major recon-
struction of the neopharynx, and (c) a History of CRT vs.
RT. The variable (c) History of CRT vs. RT proved to be
redundant and was dropped. Definitions of the definite cho-
sen variables are shown in Table 1.

Correlations between primary outcome measures are
investigated using linear mixed effect models with (pseudo)
R? and Chi square ANOVA on Y~X +(1ISubject) + (1IT)
against Y~ 1 +(1ISubject) + (117). Scatter plots are made for
visualization (Appendix I, Appendix II). Because of multiple
testing we used Bonferroni correction and adapted alpha
t0 <0.01.

To estimate the importance of the factors studied for out-
comes in VHI-10, AVQI, and perceptual rated voice quality
over time, linear mixed effect models were created (Appen-
dix III, Appendix IV, Appendix V). The model analyses the
relationship between AVQI, VHI-10, and Perc. Voice SLP
on the one hand and the fixed effects Time (TO, T1, T2, T3),
Treatment (primary surgery vs. salvage), and Reconstruc-
tion (Primary closure vs. Major reconstruction) on the other
hand.

Results
Study sample

Inclusion, follow-up, and availability of data at the assess-
ments are shown in the flow chart in Fig. 1. Overall sites
there was a total of 72 possible candidates who underwent
total laryngectomy in the study time frame, of whom 43
were included in the study. Thirty-four from the Netherlands,
nine from the Australian sites. Reasons for exclusion were:
decline to participate (n=38), live out of the area (n=7),
missed by the clinician (n=11), total laryngectomy in com-
bination with total glossectomy (n= 1), no medical informa-
tion and follow-up assessments available (n=2).

Patient characteristics are shown in Table 2. The major-
ity of the included participants were male (n=33; 77%),

Table 1 Transformed
oncological treatment factors

Variable

Includes participants with

into dichotomous variables Treatment

Primary surgical treatment
Salvage surgical treatment
Reconstruction

Primary closure

Major reconstruction

Total laryngectomy as a primary cancer treatment

Total laryngectomy as a treatment for a secondary primary tumour
Total laryngectomy as a salvage treatment in case of recurrent disease
Total laryngectomy as a treatment for a dysfunctional larynx

Primary closure of the neopharynx

Major reconstruction of the neopharynx with the use of flaps includ-
ing a pectoralis major-flap, free flap or gastric pull up

@ Springer
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Patients planned for TL (n= 72)
Inclusion period:
NCI: April 2015 — May 2018
SYD: March 2017 — May 2019

Excluded (n= 29)

[ Enrollment ] + Mot meeting inclusion criteria (n= 1)

A4

+ Declined to participate (n= 8)

+ Missed by clinician (n= 11)

+ Out of area, follow-up elsewhere (n=7)
+ Excluded from analysis no medical and

surgical information, no follow-up (n= 2)

. J
Included (n=45)

v
Data of (n=43)
[ To - pre assessment ] + Assessment (n=37)

+ Questionnaires (n=41)
+ Voice recording (n=40)

Excluded (n=2)
+ No medical information, no
follow-up (n=2)

¥

Data of (n=31)
[ T1 - 3 months post ] + Assessment (n=28)

+ Questionnaires (n=26)
+ Voice recording (n=19)

Y

Lost to follow-up (n=12)

+ Palliated / died (n=10)

+ Declined further participation
(n=1)

+ Referred to hospital out of
area (n=1)

¥

Data of (n=29)

+ Assessment (n=27)

+ Questionnaires (n=24)
+ Voice recording (n=27)

[ Tz - 6 months post l

Y

v

Data of (n=23)

+ Assessment (n=20)

+ Questionnaires (n=20)
+ Voice recording (n=19)

[ T3 - 12 months post ]

Fig. 1 Flow-chart of study inclusion and follow-up of participants

v

Lost to follow-up (n=2)
+ Palliated / died (n=2)

Lost to follow-up (n=6)

+ Palliated / died (n=1)

+ Declined further participation
(n=3)

+ Medical complications (n=2)

mean age was 64 years old at the time of surgery (range
43-84). For 19 participants (44%) the total laryngectomy
was the primary surgical treatment, in 24 cases 56% total
laryngectomy was a salvage treatment. In 16 participants

@ Springer

(37%) of the cases primary closure of the neopharynx was
performed, major reconstruction was needed in 27 (63%)
of the cases. The Australian patients (n=9) did not differ
substantially from the Dutch. Within the Australian group,
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Table 2 Demographic and clinical characteristics of the study popu- Table 2 (continued)
lation n=43 Variables n %
Variables n %
Secondary voice prosthesis placement
Sex No 3 7
Male 33 76.7 Yes 6 14
Female 10 23.3 Not applicable 34 79.1
Tumour site Died within year after surgery
Larynx 31 72.1 No 28 72.1
Hypopharynx 11 25.6 Yes 13 233
Other 1 23 Unknown 2 4.6
Initial T-stage
T1 4 93 TLTotal laryngectomy
T2 7 16.3
T3 13 30.2 all patients were male, for 33% (n=3) total laryngectomy
T4 19 44.2 was the primary treatment, 78% (n="7) had a major recon-
Initial N-stage struction of the neopharynx.
NO 23 535 Before surgery 16 participants (37%) had a tracheos-
N+ 20 465 tomy, which influences their communicative abilities.
Tracheostomy before TL Although a high number of participants received a voice
Yes 16 37.2 prosthesis, satisfactory voice rehabilitation with TE-
No } 27 62.8 speech was not accomplished in all cases. Methods of
(Chemo)radlf)therap Y communication are tabulated in Table 3. In total, 93% of
Chefno-radlotherapy 10 233 the participants received a voice prosthesis, 79% (n=34)
Rad%mherapy before TL 21 48.8 received primary puncture, 14% (n=6) secondary punc-
Radiotherapy a.ﬁer T 1 256 ture. Seven percent (n=3) did not receive a voice pros-
Nf) (C.hemo)radmtherapy ! 23 thesis. Verbal communication with TE-speech was docu-
Inleatlon for TL mented in 17 out of 27 participants at T1, 22 out of 25
Pr?mary surgical treatment 19 44.2 participants at T2, and 20 out of 22 participants T3.
Primary cancer i 256 Of the total group, 30% (n=13) died within the first
Secondary p r.lmary cancer 8 186 year after surgery and were excluded from the analysis.
Salvage surgical tr.eatmem 24 558 Two-thirds of this group (n=9) did not achieve TE-
Recurren,ce of disease 16 37.2 speech, they had to depend on augmentative alternative
Dysfunctional larynx. 8 186 communication. Most of this group (n=7) did receive a
Neépharynx reconstruction voice prosthesis but could not use this due to postoperative
Pm.nary closure ) 16 37.2 complications such fistulas, only two participants in this
Major reconstruction 27 62.8 group did not receive a voice prosthesis due to medical
Pectoralis major flap 14 32.6 .
Free flap 10 23.3 1sues.
Gastric pull-up 3 7
Neck dissection
izs ;g 232 Table 3 Communication method us‘e(.i post total laryngectomy during
follow-up for the total group of participants (n=43)
Tongue base resection
No 36 837 3 m post 6 m post 12 m post
Yes 7 16.3 n (%) n (%) n (%)
Myotomy Tracheo-esophageal speech 17 (39.5) 22 (51.1) 20 (46.5)
No 16 372 Electrolarynx speech 2(4.7) 1(23) 0(0)
Yes 27 628 Esophageal speech 0(0) 0(0) 0(0)
Primary voice prosthesis placement Augmentative alternative 8 (18.6) 24.7) 2(4.7)
No 9 20.9 communication
Yes 34 79.1 Lost to follow-up 12 (27.9) 14 (32.5) 20 (46.5)
Missing 4(9.2) 4(9.2) 1(23)

@ Springer
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General course of self-reported outcomes
and acoustic voice quality

Mean scores for EQ-5D-5L, VHI-10, AVQI, Perc. Voice SLP,
and Perc. Voice Pt for the total group and the defined sub-
groups for the time points TO (pre-surgery), T1 (3 months
post), T2 (6 months post), and T3 (12 months post) are
shown in Table 4. Primary outcome measures show high
variation, which is demonstrated by the large standard devia-
tion provided in Table 4. Figure 2 shows the course over
time, scaled 010, a higher score indicating better outcome.

After surgery, a worsening of all voice related values is seen,
which gradually improves over time. Statistical significance
was reached for AVQI (p <0.001) for the difference of TO to
T2, for the other outcome measures no statistically signifi-
cant difference was found with paired ¢ test.

Worst mean EQ-5D-5L values are reported at TO, mean
0.712 (SD 0.203) (Table 4). Over time a gradual improve-
ment of mean EQ-5D-5L values are seen. At T3 the mean
EQ-5D-5L value is 0.830 (SD 0.164), which is equivalent
to the reference value of 0.839 (SD 0.179) determined for
the Dutch general population aged 60-70 years [23]. Before

Table 4 Primary outcome measures at TO, T1, T2, and T3 for the total group of participants and sub groups including indication for total laryn-

gectomy and type of neopharynx reconstruction

TO—pre-surgery

T1—3 months post

T2—6 months post T3—12 months post

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
EQ-5D-5L
Total group 40 0.712 (0.203) 26 0.755 (0.151) 22 0.799 (0.169) 23 0.830 (0.164)
Primary surgical treatment 18 0.768 (0.168) 12 0.807 (0.171) 10 0.859 (0.181) 12 0.888 (0.114)
Salvage surgical treatment 22 0.667 (0.222) 14 0.711 (0.122) 12 0.749 (0.147) 11 0.766 (0.190)
Primary closure neopharynx 15 0.717 (0.266) 12 0.773 (0.152) 10 0.772 (0.224) 9 0.831 (0.117)
Major reconstruction neopharynx 25 0.710 (0.160) 14 0.739 (0.156) 12 0.823 (0.111) 14 0.829 (0.193)
VHI-10
Total group 38 16.7 (10.6) 25 20.3 (10.0) 23 18.0 (8.9) 22 15.8 (12.0)
Primary surgical treatment 17 18.7 (8.6) 11 15.9 (10.2) 12 15.1 (9.1) 11 15.0(11.1)
Salvage surgical treatment 21 15.1 (12.0) 14 23.8 (8.6) 11 21.3 (7.8) 11 16.6 (13.3)
Primary closure neopharynx 15 17.2 (11.1) 12 18.0 (11.0) 10 13.2 (6.9) 9 11.9 (8.8)
Major reconstruction neopharynx 23 16.4 (10.6) 13 22.5(8.8) 13 21.8 (8.6) 13 18.5(13.4)
AVOI
Total group 37 3.57 (1.69) 21 8.07 2.77) 24 5.97 (1.73) 16 5.99 (2.94)
Primary surgical treatment 17 3.48 (1.79) 8 8.41 (3.10) 13 6.46 (2.16) 9 5.45 (2.85)
Salvage surgical treatment 20 3.65 (1.63) 13 7.86 (2.66) 11 5.38 (0.75) 7 6.67 (3.12)
Primary closure neopharynx 13 3.56 (1.83) 9 7.15(2.97) 13 5.24 (0.77) 6 4.77 (1.22)
Major reconstruction neopharynx 24 3.58 (1.64) 12 8.76 (2.51) 11 6.82 (2.16) 10 6.72 (3.46)
Perc. Voice SLP
Total group 37 4.65 (2.58) 27 4.04 (3.26) 25 5.32(2.87) 22 6.30 (2.69)
Primary surgical treatment 15 3.80 (2.62) 12 4.25 (2.96) 12 5.38 (2.48) 12 6.54 (2.23)
Salvage surgical treatment 22 5.23 (2.44) 15 3.87 (3.58) 13 5.27 (3.30) 10 6.00 (3.27)
Primary closure neopharynx 13 4.85(2.91) 12 4.50 (3.56) 11 5.86 (2.17) 8 7.13 (1.36)
Major reconstruction neopharynx 24 4.54 (2.45) 15 3.67 (3.09) 14 4.89 (3.34) 14 5.82(3.17)
Perc. Voice Pt
Total group 37 4.65 (2.63) 27 3.30 (3.01) 25 4.84 (2.39) 21 5.81 (2.80)
Primary surgical treatment 15 3.93(2.49) 12 3.42 (3.61) 12 5.08 (2.47) 12 6.08 (2.97)
Salvage surgical treatment 22 5.14 (2.66) 15 3.20 (2.57) 13 4.62 (2.40) 9 5.44 (2.70)
Primary closure neopharynx 13 2.23(2.35) 12 4.08 (3.45) 11 5.73 (2.15) 7 6.14 (2.55)
Major reconstruction neopharynx 24 4.33 (2.76) 15 2.67 (2.55) 14 4.14 (2.41) 14 5.64 (3.00)

10, pre-laryngectomy; 71, 3 months post-laryngectomy; 72, 6 months post-laryngectomy; 73, 12 months post-laryngectomy. EQ-5D-5L: scores
are obtained with the EQ-5D-5L and range from O to 1, with a higher score representing a better QoL. VHI-10-scores are obtained with the
Voice Handicap Index 10, range O to 40, with a higher score representing more voice handicap. AVQI: Acoustic Voice Quality Index scores
range 0-10, a lower score indicating better acoustic voice quality; Perc. Voice SLP: Perceptual rated voice quality of the participant rated by the
speech language pathologist (visual analogue scale 0—10); Perc. Voice Pt: Perceptual rated voice quality by the participant (visual analogue scale
0-10), for the perceptual scales a higher score indicates better perceptual quality

@ Springer
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Fig.2 Graph visualizing mean
scores for the total group for
EQ-5D-5L, VHI-10, AVQI
scores, Perc. Voice SLP, and
Perc. Voice Pt. at each time
point. EQ-5D-5L and VHI-10

Best

o
—

EQ-5D-5L (NL reference)

scaled 0-10, AVQI and VHI-10
inverted. For easier interpreta-

B ————
/V
v VHI-10 cutoff

tion, we inverted and scaled all
outcome measures 0—10. Abbre-
viations: EQ-5D-5L: scores are
obtained with the EQ-5D-5L
and range from O to 1, AVQI:
Acoustic Voice Quality Index
(range 0-10); Perc. Voice SLP:
Perceptual rated voice quality

Average Score

AVQI cutoff

- ~v— EQ-5D-5L

by the SLP (visual analogue \\\ 7 - VHI-10T*_
scale 0-10); Perc. Voice Pt: Per- \.//’ —=— Perc. Vo!ce SLP
ceptual rated voice quality by AN —&— Perc. Voice Pt.
the participant (visual analogue —e- f\VQIT
scale 0-10) , Inverted scale
scaled to [0, 10]
O 1 T T |
Pre 3m 6m 12m
Worst

surgery 70% of the participants report a score lower than this
reference value, Fig. 3 shows that there is an improvement
in participant reported scoring with only 48% of participant
scores being outside normal limits.

Mean values for VHI-10 were at all assessment time
points above 11, which is indicated as disordered [26].
Before surgery participants report a mean VHI-10 score of
16.7 (SD 10.6), this worsens at T1 with a mean score of 20.3
(SD 10.0), and over time gradually improves back to baseline

Fig.3 Graph visualizing par- o
ticipants (%) with unsatisfactory 2 ] EQ-5D-5L <0.839
a -5D-5L <

(abnormal) scores over time for 2 VSH 0=11 B
EQ-5D-5L, VHI-10, and AVQI = AVQl=2.95
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level at T3 with a score of 15.8 (SD 12.0). Figure 3 visual-
izes the percentage of participants reporting a score above
11, which is before surgery 71%, At T2 87%, declining to
50% at T3. When investigating individual course, a response
shift is seen after surgery; Some participants expressed they
were happy to be alive and satisfied with the fact that they
can express themselves verbally, they indicate the quality
of the sound of the voice as less important, whilst during
pre-surgery assessment their VHI-10 was clearly impaired.

Time
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The mean AVQI score rising from 3.57 (SD 1.69) at TO to
8.07 (SD 2.77) at T2 indicates a clear deterioration of acous-
tic voice quality after surgery (Fig. 2). At all assessment time
points, participants voices are dysphonic, with a mean AVQI
score above 2.95. AVQI scores remain impaired and never
reach baseline level again. Figure 3 shows that 58% of the
participants have an AVQI score indicating impairment at
TO, this increases to 100% at T1 and T2. At T3, numbers are
still increased to 90% of the participants.

A similar course of perceptual outcome evaluations by
the clinician and the participant are found, TO scores are:
Perc. Voice SLP score 4.65 (SD 2.58), and Perc. Voice Pt
score 4.65 (SD 2.58), deterioration is seen at T1, gradually
improving over time. At the time-points T1-T3 mean Perc.
Voice SLP scores are consistently about 0.5 points higher
compared to the perceptual evaluation of the participant.

Correlations between outcome measurements

When outcomes for the multidimensional assessment meth-
ods assessed over time are pooled, strong correlations are
found between the dimensions of voice-related outcomes.
Correlations between the multidimensional voice-related
outcomes are statistically significant (see Appendix I). No
statistically significant correlation is found between AVQI
and EQ-5D-5L (p=0.228).

Correlations between the outcome measurement instru-
ments for the post-surgery time-points (T1-T3) show sta-
tistically significant correlations between voice-related
outcomes (see Appendix II). Statistical significance is lost
for voice-related outcomes with QoL, seen in the correla-
tion between VHI-10 and EQ-5D-5L (p=0.021), and AVQI
and EQ-5D-5L (p=0.467). AVQI and VHI-10 (p =0.017)
still correlate strongly but this is not statistically significant
with the statistical level set at p <0.01. With the investiga-
tion of the correlation between VHI-10 and AVQI for the
post-surgery time points (T1-T3) an AVQI cut-off score of
6 would be indicative for a VHI-10 score > 11, indicating an
unsatisfactory voice after total laryngectomy.

Predictors of voice outcome

We created linear mixed-effects models to explore the effect
of Treatment, Reconstruction, and Time studied for the main
voice outcomes VHI-10, AVQI, Perc. Voice SLP, and Perc.
Voice Pt. Time is indicated as a significant factor in predict-
ing AVQI score (p <0.001), Perc. Voice SLP (p=0.015),
Perc. Voice Pt. (p=0.002) but not for VHI-10 (p =0.368).
Modelling predicted outcomes for the groups for (a) pri-
mary surgical treatment vs. salvage surgical treatment and
(b) primary closure vs. major reconstruction did not reach
statistical significance.

@ Springer

Discussion

In our study, quality of life, measured with EQ-5D-5L, is
lowest before surgery. It is known that levels of anxiety
and self-care are severely impacted before as well as up to
14 days post-surgery [7, 30, 31]. We observe improvement
at the 3 months post-surgery assessment, it is likely that
patients have begun to adjust to their condition compared
to 14 days post-surgery. In the long term, at 12 months
post-surgery, mean score for the total group is comparable
to reference values for the age group above 60 years old
[23]. This positive result might be influenced by drop-out of
patients who were excluded due to mortality, nevertheless, it
indicates that the remaining patients are fairly well adjusted
to their condition. This general course of worsening after
surgery and gradual improvement over time corresponds to
findings of earlier studies assessing the course of QoL [7, 8].

Mean values for VHI-10, were at all assessment time
points above 11, which is indicated as having a voice hand-
icap [25, 26]. This is in line with earlier studies showing
patient-reported voice problems as a result of tumour pres-
ence, tracheostomy and earlier organ sparing oncologic
treatment, as well as after total laryngectomy [2, 32, 33]. It
is acknowledged that the VHI and VHI-10 are not specifi-
cally validated for use after total laryngectomy. A study
of Moerman et al. has introduced a corrected VHI score
(30 item version) specifically to use after TL, which copes
with unanswered items [34]. This is useful since not all
questions apply after TL. Future studies could develop this
corrected score for the VHI-10, validate the instrument for
use after TL, and determine a cut-off score.

The acoustic voice outcomes, measured with AVQI, are
impaired at all time-points. However, we found a significant
deterioration after total laryngectomy. Both t test (pre- to
6 months post-surgery) and Linear Mixed Effect modelling
showed statistical significance (both p <0.001 resp.) Earlier
research showed a strong correlation between AVQI and per-
ceptual rated voice quality [35]. This study again shows a
strong correlation between AVQI and perceptual rated voice
quality, as well as between AVQI and VHI-10, indicating that
these tools measure the same construct. With the confirma-
tion of the AVQI correlating to perceptual outcomes, as well
as detecting differences over time, there is justification for
AVQI use in TE-speech samples [4, 36]. In this study, an
AVQI score of > 6 correlates with a VHI-10 score > 11. This
cut-off should be validated in a larger study.

We find a statistically significant effect of time in per-
ceptual outcome evaluations of voice quality by the clini-
cian as well as the participant (LME model). There is a
clear deterioration in perceptual rated voice quality and
intelligibility after surgery followed by a gradual improve-
ment over 12 months.
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No effect is found for the investigated oncologic treatment
variables a) primary surgical treatment vs. salvage surgical
treatment and b) primary closure vs. major reconstruction.
It is known that oncological history of CRT negatively influ-
ences complication rates including fistula, and stricture [37,
38], but we found no influence on QoL or voice outcomes.
Earlier literature showed inferior voice quality in patients
with total laryngectomy who received a major reconstruc-
tion of the neopharynx [39]. Previously, Jacobi et al. also
reported optimal voice characteristics in tubed flap recon-
structions [40]. This shows that the voice after flap recon-
struction can be comparable as after primary closure. How-
ever, we could not confirm that the low number of patients
did not allow us to look at specific reconstruction techniques.

Strengths and limitations

To our knowledge, this is the first study prospectively assess-
ing a combination of acoustic, patient rated, and clinician-
rated voice outcomes from pre-up to 12 months post-surgery.
The prospective character of the study aims to overcome
a selection bias of including only excellent speakers. The
unique approach with assessing acoustic, self-reported and
perceptual outcomes over time provides information about
the course of voice outcome and QoL. With the combination
of instruments which are used, effectiveness and responsive-
ness of the instruments for changes over time are evaluated.
By conducting this study in five hospitals in two countries,
a variety of patients, languages, and treatment strategies are
involved. We evaluated the effects of medical detail on voice
outcome, and although the number of participants of our
study led to no significant results in medical history factors,
this framework is useful for ongoing work.

This study has some limitations. Due to the small sam-
ple size, multiple assessments, and the variety of outcome
measures we were forced to perform the LME modelling
on summarized dichotomized variables. With restructur-
ing variables into dichotomous variables information about
details in the surgery are lost, e.g. Major Reconstruction is
used as a summarized variable which originally included
details on type and extent of (flap) reconstruction. Although
all evaluation tools are widely used, they are not validated
for use after TL. By conducting this study as a prospec-
tive cohort study, we aimed to overcome selection bias;
nevertheless, a number of participants were not included,
assessments were missed due to logistic reasons and medical
complications, and participant mortality were excluded from
the study. Therefore, outcomes are collected from patients
who are alive and willing to fulfil study-related procedures,
which may lead to overestimation of the outcomes. We antic-
ipated on evaluating different voice methods, e.g. esophageal
speech and electrolarynx speech. In this cohort, however, no
esophageal speakers were present and only two participants

used electrolarynx speech. Therefore, no sub-group analysis
between voice methods could be performed.

Recommendations for clinical practice and future
research

Thirty per cent (n=13) of participants did not complete the
study due to mortality. Sadly, nine participants did not reach
acceptable (TE-)speech and had to depend on augmentative
alternative communication methods such as typing, writing
and mouthing in the palliative phase of their life. For clinical
practice, it is recommended to inform patients about the pos-
sibility to end-up without sufficient TE-speech, especially
when the prognosis is poor.

The instruments in this study have shown to be useful
to detect a difference over time from pre- to 1-year post-
surgery. Former studies that have evaluated voice outcomes
after total laryngectomy utilise a wide variety of measure-
ment tools and time points after surgery [2, 4]. AVQI, VHI-
10, EQ-5D-5L, and VAS scales for perceptual ratings, used
in our study, proved to be sensitive to detect differences over
time from pre- to post-surgery. Sensitivity is lacking when
differences between treatment groups and over time post-
surgery have to be detected. Continued efforts are needed to
establish the optimal tools, and validate these instruments
for research and clinical practice in this population.

Improvement for patient-reported voice functioning and
QoL at 12 months post-surgery was found, whilst AVQI
score remains altered (Fig. 3). This could be interpreted as
a response shift with a change of internal standards, val-
ues, and meaning of QoL [41]. The response shift could
be explained by the ability of human beings to adapt to life
events. Investigating this response shift specific to the head
and neck cancer group is an important issue for further
research. To develop a full picture of what speech-related
QoL means for individuals before and after a total laryn-
gectomy we suggest to perform studies with a combination
of acoustic, patient-rated, and clinician-rated methods, to
explore how speech-related QoL is related to these measures.

Conclusion

Outcomes show that voice-related outcomes are already
impaired before surgery, all worsen after surgery with a
gradual improvement from 6 up to 12 months post-surgery.
A response shift is seen in VHI-10, were acoustic measured
voice quality worsen, reported voice handicap indicates
acceptance of the condition and sufficient coping in the long
term.

The study leads to recommendations for clinical practice;
before total laryngectomy, patients should be counselled on
the expected course of voice problems after surgery, with
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a focus on the long-term acceptable outcomes which are
reached in TE-speakers. The discrepancy between reported
voice handicap and objective acoustic rated voice quality,
clearly demonstrates that a patient’s adjustment to post-lar-
yngectomy dysphonia does not solely rely on their acous-
tically measured voice quality. As such, clinicians should
utilise a range of measures—both acoustic (instrumental)
and patient or clinician reported, to comprehensively analyse
a patient’s vocal ability. Lastly, patients should be prepared
for the possibility that they might not accomplish accept-
able TE-speech during their post-treatment phase, especially
when medical complications occur, or oncologic treatment
fails. This may be more common in the salvage procedures.

The findings of this study have implications for future
research. A specific AVQI cut-off value for TE-speech
should be determined, as well as assessing the discrimina-
tive power of this instrument in this type of speech. Vali-
dation of the VHI-10 specifically for use after total laryn-
gectomy is needed. We demonstrate a change in response
of patient-reported outcomes after total laryngectomy in
relation to acoustic outcomes. Patient-reported outcome
measures reflect the way patients accept their condition and
cope with their permanent altered speech. This is likely to
vary depending on their access to support (medical, nursing
and allied health, funding and equipment, support of fam-
ily and friends). Future research in vocal functioning after
total laryngectomy should expand beyond vocal impairment,
evaluating psychosocial consequences and participation
restrictions. Simultaneously, investigating the effect of medi-
cal history, including oncologic treatment factors on voice
outcome, can ultimately lead to personalized pre-surgery
counselling.
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Appendices
Appendix |

Correlations between the outcome measurement instru-
ments for all time points (TO-T3) show statistically
significant correlations between AVQI and VHI-10
(p <0.001), Perc. Voice SLP and VHI-10 (p <0.001),
Perc. Voice pt and VHI-10 (p <0.001), Perc. Voice pt and
AVQI (p <0.001), Perc. Voice pt and Perc. Voice SLP
(p <0.001), Perc. Voice SLP and AVQI (p <0.001) and
between VHI-10 and EQ-5D-5L (p =0.003). No statisti-
cally significant correlation is found between AVQI and
EQ-5D-5L (p=0.228) (Fig. 4).
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Appendix I

Correlations between the outcome measurement instru-
ments for post-operative time points (T1-T3) show statisti-
cally significant correlations between Perc. Voice SLP and
VHI-10 (p <0.001), Perc. Voice pt and VHI-10 (p <0.001),

1=3 months post-laryngectomy; 2=6 months post-laryngectomy;
3 =12 months post-laryngectomy

Perc. Voice pt and AVQI (p <0.001), Perc. Voice pt and
Perc. Voice SLP (p <0.001), and Perc. Voice SLP and
AVQI (p<0.001). No statistically significant correlation is
found between AVQI and EQ-5D-5L (p=0.228), AVQI and
VHI-10 (p <0.017), and between VHI-10 and EQ-5D-5L
(p=0.021) (Fig. 5).
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(ANOVA vs Y~1+(1ISubject)). Abbreviations: 0=pre-laryngec-
tomy; 1=3 months post-laryngectomy; 2=6 months post-laryngec-
tomy; 3 =12 months post-laryngectomy
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Fig.6 AVQI as a function of time point and treatment. AVQI~Time
* Ind. * Rec. Pseudo R%: 0.440 (R*m fixed factors), 0.519 (R’m com-
plete model). ANOVA:~1 vs Time: p<6.28e—12. Ind.: indication,
Rec.: reconstruction, PT: primary surgical treatment, ST: salvage
surgical treatment, PC: primary closure, MR: major reconstruction.
Time points: O0=pre, | =3 m,2=6m,3=12m
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See Fig. 7.
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Fig.7 Perceptual Voice evaluation as a function of time point, recon-
struction, and treatment indication. SLP Voice~Time * Ind. * Rec.
Pseudo R* 0.147 (R*m fixed factors), 0.434 (R?m complete model).
ANOVA:~1 vs Time: p<0.015. Ind.: indication, Rec.: reconstruc-
tion, PT: primary surgical treatment, ST: salvage surgical Treatment,
PC: primary closure, MR: major reconstruction. Time points: 0=pre,
1=3m,2=6m,3=12m

Fig.8 VRQOL score as a function of time point and treatment.
VRQOL score ~Time * Ind. * Rec. Pseudo R*: 0.168 (R’m fixed fac-
tors), 0.281 (R’m complete model). ANOVA:~1 vs Time: p<0.368.
Ind.: indication, Rec.: reconstruction, PT: primary surgical treatment,
ST: salvage surgical treatment, PC: primary closure, MR: major
reconstruction. Time points: 0=pre, | =3 m,2=6m,3=12m

References

1. Sharpe G, Costa VC, Doubé W, Sita J, McCarthy C, Carding P
(2019) Communication changes with laryngectomy and impact
on quality of life: a review. Qual Life Res 28(4):863-877

2. van Sluis KE, van der Molen L, van Son RJ, Hilgers FJ, Bhairos-
ing PA, van den Brekel MW (2018) Objective and subjective voice
outcomes after total laryngectomy: a systematic review. Eur Arch
Otorhinolaryngol 275(1):11-26

3. Singer S, Merbach M, Dietz A, Schwarz R (2007) Psychosocial
determinants of successful voice rehabilitation after laryngectomy.
J Chin Med Assoc 70(10):407-423

4. Hurren A, Miller N (2017) Voice outcomes post total laryngec-
tomy. Curr Opin Otolaryngol Head Neck Surg 25(3):205-210

5. Barsties B, Maryn Y (2016) External validation of the Acoustic
Voice Quality Index version 03.01 with extended representativity.
Ann Otol Rhinol Laryngol 125(7):571-583

6. Maryn Y, De Bodt M, Barsties B, Roy N (2014) The value of the
Acoustic Voice Quality Index as a measure of dysphonia severity
in subjects speaking different languages. Eur Arch Otorhinolaryn-
g0l 271(6):1609-1619

7. Singer S, Danker H, Guntinas-Lichius O, Oeken J, Pabst F, Schock
J, Vogel HJ, Meister EF, Wulke C, Dietz A (2014) Quality of
life before and after total laryngectomy: results of a multicenter
prospective cohort study. Head Neck 36(3):359-368

8. Armstrong E, Isman K, Dooley P, Brine D, Riley N, Dentice R,
King S, Khanbhai F (2001) An investigation into the quality of
life of individuals after laryngectomy. Head Neck 23(1):16-24

9. Woodard TD, Oplatek A, Petruzzelli GJ (2007) Life after total
laryngectomy: a measure of long-term survival, function, and

@ Springer



1222

European Archives of Oto-Rhino-Laryngology (2021) 278:1209-1222

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

quality of life. Archiv Otolaryngol Head Neck Surg 133(6):526—
532. https://doi.org/10.1001/archotol.133.6.526

. Deleyiannis FW, Weymuller EA Jr, Coltrera MD, Futran N

(1999) Quality of life after laryngectomy: are functional dis-
abilities important? Head Neck 21(4):319-324

Finizia C, Hammerlid E, Westin T, Lindstrom J (1998) Qual-
ity of life and voice in patients with laryngeal carcinoma: a
posttreatment comparison of laryngectomy (salvage surgery)
versus radiotherapy. Laryngoscope 108(10):1566—1573. https
://doi.org/10.1097/00005537-199810000-00027

List MA, Ritter-Sterr CA, Baker TM, Colangelo LA, Matz G,
Pauloski BR, Logemann JA (1996) Longitudinal assessment of
quality of life in laryngeal cancer patients. Head Neck 18(1):1-10
Bjordal K, Ahlner-Elmqvist M, Hammerlid E, Boysen M, Evensen
JF, Biorklund A, Jannert M, Westin T, Kaasa S (2001) A prospec-
tive study of quality of life in head and neck cancer patients. Part
II: Longitudinal data. Laryngoscope 111(8):1440-1452

Fang FM, Liu YT, Tang Y, Wang CJ, Ko SF (2004) Qual-
ity of life as a survival predictor for patients with advanced
head and neck carcinoma treated with radiotherapy. Cancer
100(2):425-432

Hammerlid E, Mercke C, Sullivan M, Westin T (1998) A pro-
spective quality of life study of patients with laryngeal carci-
noma by tumor stage and different radiation therapy schedules.
Laryngoscope 108(5):747-759

Arias MR, Ramén JL, Campos M, Cervantes JJ (2000) Acoustic
analysis of the voice in phonatory fistuloplasty after total laryn-
gectomy. Otolaryngol Head Neck Surg 122(5):743-747
Bellandese MH, Lerman JW, Gilbert HR (2001) An acoustic
analysis of excellent female esophageal, tracheoesophageal, and
laryngeal speakers. J Speech Lang Hear Res

Siri¢ L, Sos D, Rosso M, Stevanovi¢ S (2012) Objective assess-
ment of tracheoesophageal and esophageal speech using acoustic
analysis of voice. Collegium Antropol 36(2):111-114

Schuster M, Toy H, Lohscheller J, Eysholdt U, Rosanowski F
(2005) Quality of life and voice handicap of laryngectomees
using tracheoesophageal substitute voice. Laryngorhinootologie
84(2):101-107

Lundstrom E, Hammarberg B, Munck-Wikland E (2009) Voice
handicap and health-related quality of life in laryngectomees:
assessments with the use of VHI and EORTC questionnaires.
Folia Phoniatrica et Logopaedica 61(2):83-92

Moerman M, Martens J-P, Crevier-Buchman L, de Haan E, Grand
S, Tessier C, Woisard V, Dejonckere P (2006) The INFVo percep-
tual rating scale for substitution voicing: development and reli-
ability. Eur Arch Otorhinolaryngol 263(5):435-439

van Reenen M, Janssen B (2015) EQ-5D-5L user guide: basic
information on how to use the EQ-5D-5L instrument. EuroQol
Research Foundation, Rotterdam

Versteegh MM, Vermeulen KM, Evers SM, de Wit GA, Prenger R,
Stolk EA (2016) Dutch tariff for the five-level version of EQ-5D.
Value Health 19(4):343-352

Jacobson BH, Johnson A, Grywalski C, Silbergleit A, Jacobson
G, Benninger MS, Newman CW (1997) The voice handicap index
(VHI) development and validation. Am J Speech Lang Pathol
6(3):66-70

Rosen CA, Lee AS, Osborne J, Zullo T, Murry T (2004) Develop-
ment and validation of the voice handicap index-10. Laryngoscope

@ Springer

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

114(9):1549-1556. https://doi.org/10.1097/00005537-20040
9000-00009

Arffa RE, Krishna P, Gartner-Schmidt J, Rosen CA (2012) Norma-
tive values for the Voice Handicap Index-10. J Voice 26(4):462—
465. https://doi.org/10.1016/j.jvoice.2011.04.006

Boersma PPG, Weenink DIM (1996) Praat: doing phonetics by
computer: version 3.4. Instituut voor Fonetische Wetenschappen
IBM Corp (2013) IBM SPSS Statistics for Windows, 22.0th edn.
IBM Corp, Armonk

Team RC (2013) R: a language and environment for statistical
computing. Team RC, Vienna

Almonacid CIF, Ramos AJ, Rodriguez-Borrego M-A (2016) Level
of anxiety versus self-care in the preoperative and postoperative
periods of total laryngectomy patients. Revista latino-americana
de enfermagem 24

Singer S, Krau} O, Keszte J, Siegl G, Papsdorf K, Severi E,
Hauss J, Briest S, Dietz A, Brihler E (2012) Predictors of emo-
tional distress in patients with head and neck cancer. Head Neck
34(2):180-187

Jacobi I, van der Molen L, Huiskens H, Van Rossum MA, Hilg-
ers FJ (2010) Voice and speech outcomes of chemoradiation for
advanced head and neck cancer: a systematic review. Eur Arch
Otorhinolaryngol 267(10):1495-1505

Eadie TL, Otero D, Cox S, Johnson J, Baylor CR, Yorkston KM,
Doyle P (2016) The relationship between communicative par-
ticipation and postlaryngectomy speech outcomes. Head Neck
38(S1):E1955-E1961

Moerman M, Martens J-P, Dejonckere P (2004) Application
of the Voice Handicap Index in 45 patients with substitution
voicing after total laryngectomy. Eur Arch Otorhinolaryngol
261(8):423-428

van Sluis KE, van den Brekel MW, Hilgers FJ, van Son RJ (2016)
Long-term stability of tracheoesophageal voices. In: Paper pre-
sented at the interspeech. San Fransisco

Barsties B, De Bodt M (2015) Assessment of voice quality: cur-
rent state-of-the-art. Auris Nasus Larynx 42(3):183-188
Forastiere AA, Ismaila N, Lewin JS, Nathan CA, Adelstein DJ,
Eisbruch A, Fass G, Fisher SG, Laurie SA, Le Q-T (2018) Use of
larynx-preservation strategies in the treatment of laryngeal cancer:
American Society of Clinical Oncology clinical practice guideline
update. J Clin Oncol 36(11):1143-1169

Silverman DA, Puram SV, Rocco JW, Old MO, Kang SY (2019)
Salvage laryngectomy following organ-preservation therapy—an
evidence-based review. Oral Oncol 88:137-144

Deschler DG, Herr MW, Kmiecik JR, Sethi R, Bunting G (2015)
Tracheoesophageal voice after total laryngopharyngectomy recon-
struction: Jejunum versus radial forearm free flap. Laryngoscope
125(12):2715-2721

Jacobi I, Timmermans AJ, Hilgers FJ, van den Brekel MW (2016)
Voice quality and surgical detail in post-laryngectomy tracheoe-
sophageal speakers. Eur Archiv Otorhinol 273(9):2669-2679.
https://doi.org/10.1007/s00405-015-3777-4

McClimans L, Bickenbach J, Westerman M, Carlson L, Wasser-
man D, Schwartz C (2013) Philosophical perspectives on response
shift. Qual Life Res 22(7):1871-1878

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1001/archotol.133.6.526
https://doi.org/10.1097/00005537-199810000-00027
https://doi.org/10.1097/00005537-199810000-00027
https://doi.org/10.1097/00005537-200409000-00009
https://doi.org/10.1097/00005537-200409000-00009
https://doi.org/10.1016/j.jvoice.2011.04.006
https://doi.org/10.1007/s00405-015-3777-4

	Multidimensional evaluation of voice outcomes following total laryngectomy: a prospective multicenter cohort study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Demographics and oncological history
	Acoustic analysis
	Statistical analysis

	Results
	Study sample
	General course of self-reported outcomes and acoustic voice quality
	Correlations between outcome measurements
	Predictors of voice outcome

	Discussion
	Strengths and limitations
	Recommendations for clinical practice and future research

	Conclusion
	Acknowledgements 
	References




