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Summary: Background. Presbylaryngis is a common cause of dysphonia in elderly patients. Type I thyroplasty
serves to improve glottic closure and vocal quality by correcting bowing. Although unilateral and injection-based pro-
cedures are well-characterized in the treatment of broadly defined glottic insufficiency, there are insufficient outcomes
data for bilateral medialization thyroplasty in the treatment of presbylaryngis. The aim of this study was to review the
change in measures of vocal quality before and after bilateral medialization thyroplasty for presbylaryngis.

Study Design. This is a retrospective case series.

Methods. The records of 21 patients with presbylaryngis undergoing bilateral medialization thyroplasty between 2007
and 2014 were reviewed. Implant materials included silastic (n = 17) and hydroxyapatite (n = 4). Preoperative and post-
operative comparison of vocal function was conducted using Voice Handicap Index, maximum phonation time, auditory-
perceptual severity ratings, and blinded paired-comparison of Consensus Auditory-Perceptual Evaluation of Voice and
Visual-perceptual stroboscopic ratings. Paired sample ¢ tests were used to assess all outcome measures.

Results. Significant improvements were found in Voice Handicap Index scores (P < 0.007), maximum phonation time
(P <0.03), Consensus Auditory-Perceptual Evaluation of Voice (P < 0.04), and clinician rating of vocal quality (P < 0.0001).
Blinded raters noted a significant improvement in audio (P < 0.05) and videostroboscopic (P < 0.003) samples after
surgery. There were no operative complications observed, and median hospital stay was one night.

Conclusions. Patients with presbylaryngis demonstrated significant improvement in both objective and subjective
measures of vocal quality following bilateral medialization thyroplasty. These data suggest that medialization thyroplasty

is a safe option that warrants consideration in the treatment of presbylaryngis.
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INTRODUCTION
Presbylaryngis is an age-related clinical entity characterized by
vocal fold atrophy and bowing that results in glottic incompe-
tence during phonation.' Such structural changes produce a
constellation of auditory-perceptual voice changes including
breathiness, roughness, decreased loudness, pitch change, and
increased vocal strain.>* Older adults with voice disorders dem-
onstrate adversely affected quality of life compared with those
without voice disorders on the Voice-Related Quality of Life
instrument.* Presbylaryngis is the most common cause of dys-
phonia in the elderly, causing up to 30% of cases with a male
predominance.*’ Recent epidemiologic studies report a 29% prev-
alence of dysphonia in the general population over the age of
65, with lifetime prevalence as high as 47%.* According to pro-
jections from the latest US census, the elderly population in the
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United States is estimated to double by the year 2030, while the
number of working elderly persons is projected to increase by
38% by 2020.%7 As such, presbylaryngis places a significant func-
tional burden on elderly persons in need of communication to
meet workplace demands.

Although presbylaryngis is often treated successfully with voice
therapy,® refractory disease may be treated with augmentation
of the paraglottic space using type I medialization thyroplasty.’
This surgical procedure aims to improve phonatory closure by
correcting for the loss of muscle tissue and lamina propria within
the aging vocal folds. Although outcomes of unilateral frame-
work and injection-based medialization have been well
documented, outcomes of bilateral type I medialization thyroplasty
are limited.'”"*> The aforementioned studies are limited by pooled
data from all causes of glottic insufficiency, including paresis,
paralysis, and atrophy.'*'* As such, the outcomes of type I
medialization thyroplasty, unilateral or bilateral, have not been
investigated for presbylaryngis independent of other causes of
glottic insufficiency despite the high prevalence and substan-
tial psychosocial impact of this debilitating vocal condition."

Using a descriptive case series design, the purpose of this study
was to assess clinical outcomes of bilateral medialization
thyroplasty in the treatment of patients with presbylaryngis. The
study was conducted with adherence to the Strengthening the
Reporting of Observational Studies in Epidemiology State-
ment criteria for descriptive studies.'® The primary outcome
variables included change scores for the Voice Handicap Index
(VHI), maximum phonation time (MPT), physician auditory-
perceptual assessment of vocal impairment before and
after bilateral medialization thyroplasty, and blinded
auditory-perceptual ratings of vocal impairment and blinded
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visual-perceptual ratings of vocal fold motion impairment by a
voice-specialized speech-language pathologist (SLP)."” As a sec-
ondary outcome variable, the safety of bilateral type I
medialization was examined by noting peri- and postoperative
complications including airway compromise, bleeding, dyspha-
gia, and adverse events during hospitalization. Although
exploratory in nature, we hypothesized that all outcome vari-
ables measured would be improved significantly following
framework surgery.

MATERIALS AND METHODS

Participants

For this case series, electronic medical records of all patients
with a diagnosis of presbylaryngis treated with bilateral
medialization thyroplasty at Oregon Health & Science Univer-
sity between 2007 and 2015 were compiled following institutional
review board approval. Patients with any neurologic or anatom-
ic condition other than presbylaryngis that could lead to dysphonia
or vocal fold motion impairment were excluded.

Procedures

All participants underwent comprehensive, multidisciplinary voice
evaluation with a board-certified otolaryngologist and voice-
specialized SLP to derive the diagnosis of presbylaryngis.'®
Assessment procedures included videolaryngostroboscopic
imaging using an Olympus distal chip flexible endoscope
(Olympus Medical, Center Valley, PA) to evaluate vocal fold ap-
pearance, wave characteristics, and closure description. An
unblinded auditory-perceptual evaluation of voice was con-
ducted by a board-certified laryngologist using an adaption of
the Hirano scale consisting of 0 (normal voice [ie, no dyspho-
nial), 1 (mild dysphonia), 2 (moderate dysphonia), and 3 (severe
dysphonia)."” In addition, a blinded auditory-perceptual evalu-
ation of voice was completed by an SLP using the Consensus
Auditory-Perceptual Evaluation of Voice.” Finally, acoustic testing
was performed using the KayPentax Computerized Speech Lab-
oratory Model 4150B (Pentax Medical, Montvale, NJ) and a Shure
SM48 handheld dynamic cardiod microphone (Shure Incorpo-
rated, Niles, IL) maintained at 30 cm from the patient’s mouth.
Importantly, stimulability testing with trial voice therapy was com-
pleted to determine the most appropriate treatment approach.

i ¥

FIGURE 1. A. Preoperative example of vocal fold bowing glottic gap. B. Postoperative example of complete glottic closure with phonation.

Medialization materials included carved silastic implants
(Netterville, Medtronic Xomed, Inc, Jacksonville, FL) in 17 pa-
tients and preformed hydroxyapatite (VoCoM, Gyrus ACMI,
Southborough, MA) in four patients.

Data were collected from electronic medical records for the
eligible patients including demographic information, medical
comorbidities, number of voice therapy sessions attended, op-
erative course, VHI scores, and MPT from digital voice
recordings. For MPT before and after surgery, patients were in-
structed to take a full breath and sustain /a/ at a typical speaking
pitch and loudness for as long as possible. The total duration
of time between the start and end of the acoustic signal was cal-
culated from the patient’s medical record. Auditory-perceptual
data based on unblinded physician assessment of voice quality
were retrieved from the patient’s medical record before and after
surgery. Three voice-specialized SLPs prospectively rated the
overall severity of dysphonia of previously recorded pre- and
postoperative digital voice samples using a paired-comparison
paradigm.”’ In this paradigm, reviewers compared before and after
samples for each patient and were blinded to which sample was
preoperative or postoperative, respectively. For the auditory-
perceptual rating task, SLPs blinded to pre- versus postoperative
status with sound-isolating headphones were presented with ran-
domly ordered sets of digital audio recordings that included 5
seconds of sustained /a/ and the first three sentences of the
Rainbow Passage.”” Severity was judged by placing a mark along
a 100-mm visual analog scale, with O representing “No voice
problem at all,” and 100 representing “Most severe voice
problem.” The same rating system was used for blinded visual-
perceptual ratings of overall vocal fold vibratory behavior and
glottic closure (Figure 1). Pre- and postoperative audiovisual
samples consisted of 5 seconds of sustained /a/ and rote count-
ing from 1 to 10. Randomization of all samples was accomplished
using web-based randomization software.”

Statistical analysis was performed to determine whether each
variable examined demonstrated postoperative differences using
paired (dependent) 7 test of intra-subject change in each vari-
able following medialization with a significance level of P < 0.05.
Means and standard deviations were calculated for each study
variable. Only complete pre- and postoperative data sets for each
variable were used, with all partial data sets removed from
analysis.
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RESULTS

Thirty patients were identified for this clinical outcomes study
upon review of medical charts. Five patients were excluded due
to a concurrent diagnosis of Parkinson disease, two patients due
to prior cerebrovascular accident with neurologic dysphonia and
dysarthria, and two patients due to a history of unilateral vocal
fold paralysis. Thus, a total of 21 patients who underwent bi-
lateral medialization thyroplasty for presbylaryngis met the criteria
for inclusion. The mean age of participants was 76 years old;
the group consisted of 17 males (81%). Prior to medialization,
12 patients (57%) underwent a mean of 3.1 voice therapy ses-
sions. Following surgery, 16 patients (76%) attended a mean of
5.5 voice therapy sessions. Nine patients (43%) had undergone
injection medialization prior to medialization thyroplasty, all with
Cymetra injections administered an average of 8.9 months prior
to surgery. Videolaryngostroboscopy was performed an average
of 31.0 £ 40.4 days preoperatively and 49 + 79.3 days following
medialization surgery. Additional participant characteristics are
summarized in Table 1.

The number of participants with data for each measure is listed
in Table 2. Ninety percent of patients (9/10) with complete sets

TABLE 1.

Participant Characteristics

Patient Characteristics N %

Total 21

Mean age (y) 76

Male 17 81

Female 4 19

Prior voice therapy 12 57
Number of sessions (M, SD) 3.1+£1.8

Prior injection medialization 9 43

Postoperative voice therapy 16 76
Number of sessions (M, SD) 5.,56+3.9

GERD 7 33

COPD 3 14

Diabetes mellitus type 2 3 14

CAD 3 14

Asthma 2 9

Abbreviations: GERD, gastroesophageal reflux disease; COPD, chronic ob-
structive pulmonary disease; CAD, coronary artery disease.

of pre- and postoperative VHI scores exhibited an improve-
ment in vocal handicap. The mean preoperative VHI score was
59.4 (SD = 15.5) and the mean postoperative VHI score was 31.5
(SD =18.7), indicating a statistically significant reduction in voice
handicap (P < 0.007) (Table 2). Similarly, a perceived improve-
ment in voicing and glottic closure was found in 100% (17/17)
of those assessed by the physician before and after medialization.
The mean pre- and postoperative auditory-perceptual severity
as rated by the laryngologist was 2.5 (SD =0.6) and 1.3
(SD = 0.3), respectively, which was statistically significant
(P <0.0001).

MPT was increased after surgery in 85% (11/13) of patients
with complete sets of measurements. The preoperative mean was
10.4 seconds (SD = 6.1) and the postoperative mean was 14.3
seconds (SD = 7.1). This pre- to postoperative increase in MPT
was statistically significant (P < 0.03).

Auditory-perceptual severity of voice as determined by a com-
posite score of ratings by three blinded SLPs improved pre- to
postoperatively for 88% of patients (7/8). The mean preopera-
tive score was 38 (SD = 20.7) and the mean postoperative score
was 20.6 (SD =7.2), a statistically significant improvement
(P < 0.05). Blinded scoring of sets of stroboscopic samples de-
creased from a preoperative mean of 40.3 (SD =6.2) to 25.2
(SD = 11.9) postoperatively. This improvement captured 88% of
patients (7/8) and achieved statistical significance (P < 0.003).

For all outcome measures, an independent samples 7 test anal-
ysis was performed, with statistical significance seen for VHI
(P =0.001), Consensus Auditory-Perceptual Evaluation of Voice
(P =0.04), visual-perceptual stroboscopic ratings (P = 0.006),
and perceptual severity rating (P = 0.0001). Independent samples
t test was not statistically significant for MPT (P = 0.16).

The mean length of hospital stay was 1 day, with a range of
0-2 days. Of the 21 patients who underwent bilateral
medialization in this study, none experienced airway complica-
tions or required surgical revision. No participants in the study
experienced dysphagia, excessive bleeding requiring interven-
tion, or adverse events as a result of hospitalization.

DISCUSSION
This case series aimed to evaluate clinical outcomes of bilater-
al medialization thyroplasty on validated measures including the
VHI, MPT, and perceptual assessment of vocal impairment.**

TABLE 2.

Pre- and Postoperative Outcome Data

Outcome Variable N Mean + SD P Value

Preoperative Postoperative

VHI 10 59.4 + 15.5 31.5+18.7 0.0068*
MPT (s) 13 10.4 £ 6.1 14.3+£7.1 0.0242*
CAPE-V 8 38.0 +£20.7 20.6+7.2 0.0441%
Visual-perceptual stroboscopic ratings 8 40.3+£6.2 25.2+11.9 0.0027*
Perceptual severity rating 17 3.3+.3 23+.3 <0.0001*

Abbreviations: VHI, Voice Handicap Index; MPT, maximum phonation time; CAPE-V, Consensus Auditory-Perceptual Evaluation of Voice.

* Statistically significant.
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As hypothesized, framework surgery was shown to be effec-
tive in the treatment of refractory presbylaryngis for the cohort
examined.

Ninety percent of patients registered a reduction in VHI, a vali-
dated assessment of vocal health. As reported previously, lack
of improvement in VHI may be attributable to unrealistic ex-
pectations of surgical intervention, coinciding memory loss, or
concurrent neurologic dysphonia and persistent mismatches in
the volume of the paraglottic space and continued hoarseness
despite improved glottic closure and MPT.” In addition, recent
findings suggest nearly 61% of presbyphonia patients exhibit a
respiratory impairment based on abnormal spirometric values
that may contribute to persistent vocal impairment despite im-
proved glottal competence.” For patients with ongoing vocal
handicap after medialization, exuberant voice therapy in which
greater pulmonary drive is demanded from the patient may be
a useful postoperative treatment to manage existing respiratory
deficits that are unaddressed with framework surgery.®

Our findings of improved VHI strengthen and complement
previous findings. In the only extant implant-based study, Postma
et al reported 94% of patients (n = 16) displayed improved quality
of life following bilateral framework surgery using a custom
questionnaire.'® All six patients with presbylaryngis who un-
derwent bilateral medialization in a report by Netterville and
colleagues (1993) demonstrated a subjective improvement in
voicing and swallowing, although objective data and VHI scores
specific to those patients were not collected.'* As noted, nine study
participants had previously undergone injection laryngoplasty
using Cymetra for a mean duration of 8.9 months before
thyroplasty, at which time the clinical effect of remnant injec-
tion material is expected to have dissipated.*® The specific effect
of remnant injection material was not addressed in this study.

We found significant increases following medialization
thyroplasty in MPT, a measure of vocal quality with high intra-
rater reliability.”’** Specifically, MPT has been correlated to
laryngeal airway resistance and increases as the rate of airflow
across the glottis decreases.”” Supporting this assertion is a series
of patients undergoing unilateral injection medialization with
calcium hydroxylapatite, in which Rosen and Thekdi (2004) found
that medialization was associated with a decreased mean pho-
natory airflow rate.*® Our findings suggest that framework surgery
significantly improves laryngeal airflow resistance by restor-
ing glottic competence in subjects with presbylaryngis, thereby
impacting MPT. Lu and colleagues (1998) compared selected
acoustic measures following medialization in patients with
nonparalytic glottic incompetence to those with true vocal fold
paralysis. However, only 5 of 17 participants (29%) met crite-
ria for presbylaryngis, and it is not reported whether any
underwent bilateral medialization.’’

Videostroboscopic samples, central to the diagnosis of
presbylaryngis,' were randomized and presented to blinded raters
in a paired-comparison format to reduce potential rater and patient
biases. Ratings by SLPs using standardized audio and stroboscopic
samples indicated significantly reduced severity of dysphonia
and improvement in glottis closure. These ratings provide a novel
method of assessing outcomes of medialization thyroplasty, for
which a consensus approach has been notably evasive.**

The absence of complications in this report is consistent with
previous descriptions of bilateral type 1 thyroplasty.'*'*** Ex-
isting evidence suggests that bilateral type I medialization with
materials such as silastic has an acceptable safety profile and
does not pose a significantly elevated airway risk.* In fact, this
procedure may increase overall safety for patients with glottic
incompetence by decreasing the risk of aspiration.*® In one study
of 112 patients by Bowen et al, the complication rate and out-
comes for patients over age 65 were found to be similar to
younger patients, further supporting the role of thyroplasty as
a safe option in the treatment of presbylaryngis.

The role of voice therapy in predicting outcomes of type I
thyroplasty is unknown, and existing data are limited to a total
of six patients.”* Voice therapy is often employed as a first-line
therapy for patients with presbylaryngis and has proven effec-
tive using VHI scores, blinded audio comparisons, and acoustic
and aerodynamic measures.**** In this investigation, 57% of
patients had undergone prior voice therapy prior to thyroplasty.
The most common documented reason for cessation of voice
therapy was lack of patient perceived improvement. Similar to
the larger cohort, 86% (5/6) of these patients showed im-
proved VHI following medialization. Larger sample sizes are
necessary to determine if a statistically significant relationship
exists between preoperative voice therapy and medialization
success.

Limitations to this study include limited sample size and vari-
able quantities of data available for each of the measures
examined. Although efforts were made to obtain responses and
records for all participants, data collected at perioperative visits
were variable among the cohort presented. As a result, the number
of patients available for each variable ranged from 8 to 17, or
38%—-80% of the total cohort of patients. Given the sample sizes
for each outcome variable, an independent samples ¢ test was
performed to determine the level of bias present, revealing sta-
tistical significance in all variables except MPT. These findings
support that deficits in outcome values were due to variable col-
lection practices rather than lack of follow-up or patient
characteristics. Acoustic measures in particular may require larger
sample sizes to confirm unbiased significance.

Existing publications addressing bilateral medialization for
presbylaryngis consist only of case reports and smaller patient
totals than that presented in this study for any given outcome
measure. Furthermore, existing data are lumped into larger
cohorts of all-cause dysphonia, making presbylaryngis-
specific data indecipherable.'**® Extant studies are noted to
include pooled unilateral and bilateral medialization outcomes
without the possibility of extracting information for a single
procedure. This study aimed to explore the outcomes of treat-
ment of a single condition, presbylaryngis, with a single
procedure, bilateral type I medialization thyroplasty. Future
research should prospectively study a cohort of patients who
undergo bilateral medialization thyroplasty with age- and sex-
matched controls.

CONCLUSION
Presbylaryngis is a common and often debilitating condition for
which precise treatment outcomes remain unknown. A need exists
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for standardized reporting of outcomes of presbylaryngis treat-
ment, including results specific to medialization thyroplasty. In
this investigation, we examined the outcomes of bilateral frame-
work surgery specific to patients diagnosed with presbylaryngis.
In this observational study, we found significant improvement
in all outcome measures without notable complications, further
supporting the need for characterization of type I thyroplasty as
a treatment option for presbylaryngis.
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