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Background. Reliable voice grading systems to identify postoperative voice dysfunction by surgeons are
needed.

Purpose. 1o examine the utility of patient-reported and clinician-determined voice assessment in
identifying postthyroidectomy voice dysfunction.

Patients and Methods. Fifty patients enrolled in a prospective observational trial evaluating voice
Jfunction perioperatively by patient-reported symptoms (Voice Case History [VCHx]) and perceived voice
handicap (Voice Handicap Index [VHI]), clinician-determined judgment of voice quality (Consensus
Auditory-Perceptual Evaluation—Voice [CAPE-V]), and laryngeal examination via video laryngoscopy
(VLS). Voice dysfunction at first postoperative visit in symptomatic patients was defined by objective
laryngeal abnormalities on VLS. Postoperative changes from baseline in voice parameters were compared
between patients with and without voice dysfunction using the Wilcoxon rank sum test. Receiver
operating characteristics were evaluated to determine area under the curve (AUC) for tested paramelers.
Resulis. Eight (16 %) had early transient and 1 (2% ) had permanent postoperative voice dysfunction.
VCHx symptoms had negative (NPV) and positive (PPV) predictive values of 96 %—100% and 39 %o—
53 %, respectively for voice dysfunction. The rating of overall severity from the CAPE-V was highly
predictive (AUC = 0.96), and a change in severity from preoperative baseline =20 % at 1-2 weeks had a
PPV of 86 % and NPV of 95% for postoperative dysphonia. Patient-reported total VHI score was most
predictive (AUC = 0.97) and a change in VHI from preoperative baseline =25 early postoperatively had
a PPV of 88% and NPV of 97% for postoperative dysphonia.

Conclusion. Patient self-assessment of voice handicap using the VHI reliably identifies voice dysfunction
after thyroidectomy. Patients with a change in VHI =25 from preoperative baseline warrant early

referral to speech pathology and laryngology. (Surgery 2008;143:732-42.)
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THE INTRICATE AND DELICATE ANATOMIC STRUCTURES FOR
VOICE PRODUCTION lie in proximity to the thyroid
gland and are vulnerable during operations on
the thyroid. Voice disturbances after thyroidec-
tomy have been attributed traditionally to direct
injury to the efferent laryngeal nerves sustained
during the course of operation. Laryngeal nerve
injury is a disturbing, functionally limiting sequela
of thyroidectomy; it can engender considerable im-
pairment in the patient’s ability to perform daily,
social and work-related tasks. Laryngeal nerve-
related morbidity is particularly disabling for those
reliant on voice to fulfill their professional duties.
Singers and actors rely on the endurance and qual-
ity of voice. Other professional voice users, such
as public speakers, teachers, and coaches, also
depend on vocal staying power and effectiveness.
Functional voice outcome after thyroidectomy is
highly dependent on surgical technique. Much like
that of complex thoracic, pancreatic, and hepato-
biliary operations, the volume-outcome relation-
ship holds true for thyroidectomy.'” Laryngeal
nerve preservation during thyroidectomy is impera-
tive for sustaining voice function; however, not all
postoperative voice disturbances are related to
nerve injury. The results of our prior clinical trial,
which characterized postthyroidectomy functional
voice changes, indicated that voice alterations are
common after operation despite preservation of
the laryngeal nerves.* About one third of patients
experience early and 14% have late voice symptoms
after thyroidectomy. Other researchers have also
confirmed that a high proportion of patients suffer
postoperative deterioration in voice despite absence
of objective signs of nerve injury.”” This has led
some to question the contributory role of other
mechanical factors (strap muscle division or laryn-
gotracheal fixation, surgical trauma to the cricothy-
roid muscle or cricoarytenoid joint, endotracheal
intubation, etc.) to postoperative dysphonia.*"’
Multidimensional objective acoustic, aerodynamic,
and stroboscopic functional voice assessment in the
modern speech pathology laboratory characterizes
the anatomy and pathophysiology of postthyroidec-
tomy voice dysfunction. However, specialized voice
testing does not satisfactorily assess the degree of voice
disability, and fails to account for why patients with
similar vocal deficits experience markedly different
voice handicaps. Conversely, identification of patients
with significant postoperative voice dysfunction
through straightforward, reliable grading systems
utilized by nonexperts is needed. If such clinical tools
had high predictive value, then they would contribute
to improved resource utilization and identification of
the small percentage of postthyroidectomy patients
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who could benefit from early speech pathology refer-
ral and testing. Those few patients found to have
functionally limiting laryngeal nerve dysfunction
would be candidates for temporary vocal fold medi-
alization procedures (injection medialization lar-
yngoplasty), given the prolonged period of time
required for idiopathic reinnervation, for which
referral to laryngology would be appropriate.

Voice-related quality-of-life instruments have been
applied with increasing frequency to allow assessment
of the physical, functional, and affective aspects of
voice disability. The Voice Handicap Index (VHI) isa
brief, simple, and reliable outcome instrument in-
creasingly used to monitor response to voice therapy,
which has been validated for revealing the biopsycho-
social impact of voice disorders."! The VHI relies on a
patient’s self-assessment of perceived severity of voice
handicap.m_14 It consists of 30 statements that are
rated from O to 4, for a maximum score of 120. The
VHI has been used in both the clinical and research
realms for the purpose of evaluating adult and pediat-
ric patient responses to therapy for medical condi-
tions and surgical interventions.'”® Despite this
widespread application in clinical situations pertain-
ing to the head and neck region in general, the VHI
has been employed infrequently as a research tool
or with clinical intent in patients undergoing thyroid-
ectomy in particular. Only 2 previous reports available
in the literature have addressed use of the VHI for pa-
tients undergoing thyroid operations; however, nei-
ther addressed the predictive role of the VHI in the
perioperative setting for postthyroidectomy dyspho-
nia.>*! Nonetheless, the VHI is gaining widespread
acceptance as a useful and simple tool, evidenced by
its translation into at least 5 languages (Chinese,
Dutch, French, Hebrew, and Spanish), and the tool’s
increasing popularity in the voice literature in
general.

The ability of the VHI to predict dysphonia after
thyroidectomy is undefined. Similarly, the utility of
patientreported symptoms (Voice Case History)
and clinician judgments of voice quality (Consen-
sus Auditory-Perceptual Evaluation-Voice [CAPE-
V]) remains to be determined, although these
assessments are utilized routinely in speech pathol-
ogy clinics for determining postthyroidectomy
voice dysfunction.**** The optimal clinical tool to
identify significant alterations in postthyroidectomy
voice would be easy to use, noninvasive, simple to
interpret, inexpensive, and would not require phy-
sician interpretation. In the search of such a tool,
this prospective clinical study examines the utility
of Voice Case History, CAPE-V, and VHI in deter-
mining objective voice dysfunction after thyroid

surgery.
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MATERIAL AND METHODS

Study design. A prospective, single-arm, obser-
vational cohort trial addressing voice outcomes
after thyroidectomy was begun under Walter Reed
Army Medical Center Institutional Review Board
approval from October 2004 and is currently ongo-
ing. All subjects enrolled into the study voluntarily
agreed to participate and gave written informed
consent.

The principal aims of the study were to charac-
terize changes in voice after thyroidectomy, specif-
ically, to determine the natural history and level
of functional impairment of voice after thyroid
surgery using patient- and clinician-based assess-
ment as well as objective laryngeal image record-
ings. This report includes data from the first 46
study subjects enrolled in the trial with preopera-
tive and =1 postoperative visits.

By participating in this study, all patients under-
going thyroidectomy received a comprehensive
voice evaluation, incorporating the following mea-
sures included in this report:

1. Patient-reported symptoms (Voice Case History);

2. Auditory perceptual measures of voice (i.e., judg-
ments of voice quality by experienced clinicians
using the CAPE-V);

3. Visual perceptual measures of anatomic laryngeal
images (judgments of videostroboscopic laryngeal re-
cordings by experienced clinicians); and,

4. Self-report of the physical, functional, and emotional
impact of voice dysfunction using the VHI.

Postoperative voice dysfunction at first (early, 1-2
week) clinic visit after operation was defined as
objective laryngeal abnormalities (e.g., arytenoid
asymmetry, reduced vocal cord lengthening, im-
paired vocal cord mobility/adduction, arytenoid
subluxation) evident on video laryngostroboscopy
(VLS) in symptomatic patients reporting change
in voice. Other assessments not reported herein
involved acoustic analysis of voice and aerodynamic
testing. This voice assessment was intended to assist
investigators in identifying and tracking measures
indicative of significant deficits in voice production
that could potentially result in more effective and
efficient efforts to improve the postthyroidectomy
voice, or to prevent the adoption of maladaptive
compensatory behaviors through early referral for
speech therapy.

Study population. Participants (age, 18-77
years) included 19 male and 31 female military
health care beneficiaries who were scheduled to
undergo thyroid resection. The primary indication
for operation in the 20% of patients with coexisting
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physiologic thyroid disease (eg, lymphocytic thy-
roiditis) was a dominant nodule(s). Subjects had no
preoperative laryngeal pathology or prior neck or
thyroid surgery. After operation, 46 returned for
the early postoperative assessment, 35 after 3
months, and 30 after 6 months.

Functional voice outcome assessment. At each
of 4 study time points (before operation, and 1-2
weeks and 3 and 6 months after thyroidectomy),
patients underwent real-time laryngeal imaging to
assess laryngeal function as part of standard-of-care
assessment. At the same scheduled study visits, the
Voice Case History and VHI were administered. An
experienced voice researcher and speech-language
pathologist judged the sustained vowels and short
sentences included in the CAPE-V uttered by the
participants in the clinical setting. CAPE-V ratings
are made according to 10-cm undifferentiated
lines (visual analog scale) for each of the following:
overall severity (grade), roughness, breathiness,
strain, pitch, and loudness.

VLS was conducted in the current study primarily
to correlate changes in voice with objective signs of
vocal dysfunction. Laryngeal imaging during pho-
nation was performed with fiberoptic flexible laryn-
goscopy utilizing halogen and stroboscopic light
sources. VLS assessed the appearance and mobility
of the vocal folds utilizing a standardized vocal task
protocol. During the laryngeal examination, tasks
included phonation of sustained vowels at low, com-
fortable, and high pitch and loudness levels, ascend-
ing and descending pitch glides, syllable repetitions,
and short sentence productions. An experienced
examiner made ratings of laryngeal structure and
function according to a standard grading protocol.
Assessment involved a rating of normal, mild, mod-
erate, or severe for supraglottic activity, right and left
vocal fold (vocal process of the arytenoid) mobility
and symmetry, vocal fold edge, lengthening and
mucosal wave, phase symmetry, and glottic closure
pattern. In questionable cases, 3 experienced raters
reviewed the images and came to a consensus opin-
ion regarding final observations and diagnosis.

The Voice Case History involved a brief interview
during which subjects answered specific questions
about their primary voice symptoms and social and
occupational vocal demands. The subjects stated
whether their voices were normal and typical for
them. They were further queried about their per-
ceived presence of hoarseness, vocal fatigue, diffi-
culty projecting, difficulty singing, and difficulty
phonating at high pitches (see Appendix for Voice
Case History).

The VHI is a brief, validated outcome instrument
thatrelies on a patient’s self-assessment of perceived
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severity of voice handicap.11 The patient’s self-
appraisal consists of 10 items in each of 3 domains:
Jfunctional, physical, and emotional. The subject
responds according to his or her perception of the
impact of the voice disorder on daily activities.

Auditory-perceptual data was obtained from
acoustic data recordings taken during each study
subject visit. Voice samples selected for analysis were
a sustained vowel “ee” and “ah” (3-5 seconds, on a
comfortable breath), and 6 sentences read aloud
from the CAPE-V. A speech-language pathologist/
voice researcher experienced in judging abnormal
voice rated each sustained-vowel sample for the
following parameters on a visual analog scale
(CAPE-V; 10 cm undifferentiated line) from normal
(left extreme) to most abnormal (right extreme):
overall severity (grade) of dysphonia, roughness,
breathiness, strain, pitch, and loudness. Additional
features were noted as necessary (eg, fry, pitch
instability, diplophonia).*

Statistical analysis. Differences in baseline char-
acteristics were evaluated using Fisher’s exact test
for categorical variables and the Wilcoxon rank-sum
test for continuous or ordinal data. Changes from
baseline to follow-up time points postoperatively
were compared between groups using the Wilcoxon
rank-sum test. Spearman’s rho correlation coeffi-
cient was calculated to examine nonparametric
measures of association between variables. Diagnos-
tic accuracy of voice parameters were presented
using receiver operating characteristic curves and
described using the area under the curve (AUC), as
well as sensitivity, specificity, positive predictive
values (PPV) and negative predictive values (NPV)
together with 95% confidence intervals for these
proportions. Continuous data were presented as
either medians with ranges or mean values with
standard deviations (+SD) in the text and tables.
Logistic regression was used to compute the rela-
tionship between voice parameters (CAPE-V severity
and VHI) and the probability of postoperative dys-
phonia. Significance was determined at the P = .05
level. Statistical analyses were carried out using J]MP
(5.1 SAS Institute, Inc., Cary, NC) and SPSS statistical
software (version 13.0, SPSS, Inc., Chicago, IlI).

RESULTS

Patients. Fifty patients were enrolled in this study,
predominantly female, with mean age of 48 years. As
seen in the demographic data provided in Table I,
most patients were neither smokers nor voice profes-
sionals, and halfunderwentless than total thyroidec-
tomy. Nearly all operations were conducted under
general anesthesia without difficulty intubating the
patient, and without the requirement for any strap

Stojadinovic et al 735

muscle division. Nearly-one third of operations
were undertaken for differentiated early stage
thyroid carcinoma, the remainder for benign
disease. Mean operating time was 152 minutes
(SD = 78 minutes), and median resected thyroid
volume was 65 cm?® (range, 6-2,873 cmg).

Postoperative voice dysfunction (dysphonia).
Eight subjects (16%) had early transient postoper-
ative voice dysfunction after operation, which was
defined as objective laryngeal abnormalities evident
on VLS in patients reporting change in voice (Table
IT). One (2%) had permanent voice dysfunction >6
months after operation owing to transection of the
recurrent laryngeal nerve (RLN) during resection
of a large posterior multinodular goiter, despite
immediate nerve repair and voice rehabilitation.
Speech therapy was recommended to the 8 patients
with postoperative dysphonia; however, only 5 of the
8 patients pursued voice rehabilitation. The mean
number of abnormal VLS parameters at time of first
postoperative visit (1-2 weeks) for those with and
without voice dysfunction was 6.6 = 0.5 and 0.9 +
0.2, respectively (P<.001).

Voice case history: Patient reported. Reported
symptoms [voice not typical (P < .0005), hoarse-
ness (P < .0005), pitch loss (P=.002), voice fatigue
(P=.004)] at 1-2 weeks after operation each corre-
lated significantly with voice dysfunction. However,
despite a high NPV (96-100%), Voice Case History
had a low PPV for postoperative voice dysfunction
(39-53%; Table III).

Consensus auditory-perceptual evaluation of
voice: Clinician determined. Auditory perceptual
measures of voice according to the CAPE-V require
the judgment of voice quality by an experienced
voice clinician. Four CAPE-V parameters signifi-
cantly correlated with postoperative voice dysfunc-
tion, overall severity (grade) of dysphonia, habitual
pitch, habitual loudness, and roughness (P<.001).
Mean change from preoperative baseline in
these CAPE-V measures at first postoperative
(1-2 weeks) visit for those with and without voice
dysfunction was: severity, 48.5 + 30.6 versus
—0.8 + 13.4 (P < .0005); pitch, 20.9 £+ 19.9 versus
0.7 £+ 7.2 (P < .0005); loudness, 33.9 + 23.3
versus —0.2 + 8.3 (P < .0005); roughness, 33.1 +
31.7 versus 0.8 + 16.2 (P =.001). All 4 parameters
returned to baseline, on average, by 3 months after
operation (Fig 1). The receiver operating charac-
teristics were most predictive for the rating of per-
ceived overall voice severity (grade; AUC, 0.96;
Table IV). A change in severity from preoperative
baseline = 20, 1-2 weeks after operation had a
PPV and NPV for postoperative dysphonia of
86% and 95%, respectively (Table III).
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Table I. Patient and thyroid-related characteristics
of 50 consecutive patients enrolled in voice
outcomes study

Characteristics No. patients %

Age (y), median (range) 49 (18-77)
Gender

Male 19 38

Female 31 62
Ethnicity

Caucasian 32 64

African American 13 26

Latino 4 8

Asian 1 2
Voice professional

Yes 13 26

No 37 74
Tobacco use

Never 30 60

Former 15 30

Current 5 10
Anesthesia

General, endotracheal 47 94

Regional, superficial cervical block 3 6
Extent of thyroidectomy

Lobe and isthmus 25 50

Total 25 50
Neuromonitoring of RLN

Yes 9 18

No 41 82
Strap muscle division

Yes 6 12

No 44 88
Postoperative voice dysfunction

Yes 8 16

No 42 84

RLN, recurrent laryngeal nerve.

Voice Handicap Index: Patient reported. The
patient’s self-assessment of perceived severity of
voice handicap was analyzed on the basis of
responses to 30 questions divided equally across 3
VHI domains (Functional, Physical and Emotional;
each question having a maximum score of 4).
Mean change from baseline in total VHI score
(range, 0-120) at first postoperative (1-2 weeks)
visit for those with and without voice dysfunction
was 59.6 + 33.4 versus 3.8 + 15.2, respectively (P <
.0005; Fig 2). Significant changes were identified
at the first postoperative visit (1-2 week) for the
Functional (20.8 + 12.0 vs. 1.6 = 6.9; P < .0005),
Physical (25.4 + 10.3 vs. 2.7 = 7.8; P < .0005). and
Emotional (13.5 + 13.8 vs. 1.2 £ 6.7; P = .002) do-
mains of the VHI between patients with and with-
out dysphonia. Significant changes in VHI scores
were demonstrated at 3-month follow-up visits in
patients with voice dysfunction, which returned
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Table II. Patient and thyroid-related
characteristics of patients enrolled in voice
outcomes study stratified by postoperative voice
dysfunction

Voice dysfunction

P
Characteristic Yes No value
Total patients, n (%) 8 (16) 42 (84)
Age (y), mean + SD 50.0 + 17.8 47.8 + 13.3 .62
Gender, n (%) 13
Male 1 (12) 18 (43)
Female 7 (88) 24 (57)
Voice professional, n (%) .99
Yes 2 (2b) 11 (26)
No 6 (75) 31 (74)
Anesthesia, n (%) .99
General, endotracheal 8 (100) 39 (93)
Regional, superficial 0(0) 3(7)
cervical block
Extent of thyroidectomy, .25
n (%)
Lobe and isthmus 2 (25) 23 (b5)
Total thyroidectomy 6 (75) 19 (45)
RLN neuromonitoring, .99
n (%)
Yes 1 (12) 8 (19)
No 7 (88) 34 (81)
Strap muscle division, .99
n (%)
Yes 1 (12) 5 (12)
No 7 (88) 37 (88)
Thyroid volume 129 + 108 212 + 468 .89

resected (cm®),
Mean + SD

RLN, recurrent laryngeal nerve; SD, standard deviation.

to baseline by postoperative month 6 (Fig 3).
The receiver operating characteristics were most
predictive for total VHI score (AUC, 0.97; Table
IV; Fig 4). A change in VHI score from preopera-
tive baseline = 25, 1-2 weeks after operation had
a PPV and NPV for postoperative dysphonia of
88% and 97%, respectively (Table III).
Correlations of CAPE-V (clinical assessment)
and VHI (patient-reported) scores. Change from
baseline in CAPE-V parameters of overall severity
(grade), pitch, and loudness at 1-2 weeks after
operation correlated significantly with total change
in VHI, as well as the individual index domains,
Functional, and Physical (P < .05 for all compari-
sons); although, the Spearman’s p correlation
coefficient was <0.60 (r = 0.31-0.58) for all non-
parametric correlations between auditory percep-
tual measures of voice according to CAPE-V and
the patient’s self-assessment of perceived severity
of voice handicap using the VHI. Only changes
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Table III. Predictive value of Voice Case History (VCHx), Voice Handicap Index (VHI), and Consensus
Auditory-Perceptual Evaluation of Voice (CAPE-V) Severity Score for postoperative voice dysfunction

Sensitivity Specificity PPV NPV
Category % (95% CI) % (95% CI) % (95% CI) % (95% CI)
VCHx symptom
Voice not typical 100 (71-100) 68 (52-81) 40 (21-61) 100 (88-100)
Hoarse 100 (71-100) 82 (66-91) 53 (30-75) 100 (90-100)
Pitch loss 88 (51-99) 76 (59-87) 44 (23-67) 97 (81-99)
Voice fatigue 88 (51-99) 70 (54-83) 39 (20-61) 96 (80-99)
Change in VHI =25, 1-2 weeks postop 88 (51-99) 97 (84-99) 88 (51-99) 97 (84-99)
Change in CAPE-V Severity =20, 1-2 weeks postop 75 (40-94) 97 (84-99) 86 (46-99) 95 (81-99)

PPV, predictive values; NPV, negative predictive values.

in Pitch and Loudness were significantly correlated
with the Emotional domain (r= 0.37 and r = 0.48,
respectively; P < .014). However, the combined
change in CAPE-V severity from preoperative base-
line = 20 and change in total VHI score from pre-
operative baseline = 25, 1-2 weeks after operation,
had a PPV and NPV for postoperative dysphonia of
86% and 95%, respectively (Fig 5).

DISCUSSION

The present study was conducted to determine
the utility of simple bedside questionnaires and
auditory perceptual analysis in identifying patients
with significant dysphonia after thyroid resection.
Postoperative voice dysfunction was defined as
objective laryngeal abnormalities evident on VLS
in symptomatic patients reporting change in voice.
The findings of transient (16%) and permanent
(2%) alteration in voice after thyroidectomy reflect
the experience of other endocrine surgical units.

Although the Voice Case History had high NPV
(96-100%), its low PPV limits its clinical utility. The
rating of overall severity from the CAPE-V was
highly predictive, and a change in severity from
preoperative baseline = 20 early postthyroidectomy
had a PPV and NPV of 86% and 95%, respectively,
for postoperative dysphonia. However, nonexperts
should not utilize the CAPE-V; this tool is intended
for use by an experienced speech-language pathol-
ogist (“a trained ear”) to make judgments about
the various aspects of voice quality. The patient’s
self-assessment of perceived severity of voice hand-
icap in terms of the physical, functional, and
emotional impact of voice dysfunction recorded
on a standardized questionnaire, the VHI, was
highly predictive of voice outcome in this study. A
change in VHI score from preoperative baseline
= 25 early postoperatively had a positive and NPV
of 88% and 97%, respectively, for postoperative

voice dysfunction. Combined CAPE-V and VHI
provided no incremental predictive value.

These findings are important; the prevalence
of thyroid disease, thyroid resections, and potential
for morbidity are high. In the United States, ap-
proximately 15 million adults have unrecognized
thyroid disease and roughly 11% of persons suffer
significant endocrine, inflammatory, or neoplastic
disorders of the thyroid gland.** Surgical resection
of the thyroid gland is performed approximately
80,000 times per year in the United States alone.*
The RLN is highly relevant in thyroid surgery
because it innervates all of the intrinsic muscles of
the larynx except the cricothyroid muscle, which is
innervated by the external branch of the superior la-
ryngeal nerve. Operative trauma to the RLN—the
most feared complication of thyroidectomy—
occurs in 2-13% of patients, and results in vocal
fold paresis or paralysis, both of which can cause
the voice to sound hoarse, breathy, and quiet.?*”
Inspiratory stridor may also occur in cases of bilat-
eral vocal fold paralysis. Swallowing impairment
may also ensue, leaving patients vulnerable to aspi-
ration. Injury to the external branch of the superior
laryngeal nerve occurs during thyroidectomy in up
to 30% of patients and may result in profound mor-
bidity for professional voice users owing to voice fa-
tigue and impaired ability to project the voice and
achieve a high pitch.*®**" Professional voice users,
particularly singers and public speakers, who have
an isolated superior laryngeal nerve deficit, may in
fact have seemingly disproportionate vocal dysfunc-
tion when arytenoid abduction/adduction appears
normal. Furthermore, functional voice disorders
have been documented in the absence of major la-
ryngeal nerve injury with as many as 30% of patients
suffering early and 14% suffering lasting functional
voice changes after thyroid resection.* The high
incidence of thyroidectomy coupled with the sig-
nificant rates of postoperative voice morbidity
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Fig 1. Mean changes (+ standard errors) in CAPE-V overall severity (grade) of dysphonia, habitual pitch, habitual loud-
ness and roughness (mean) in patients with and without dysphonia, 1-2 weeks, and 3 and 6 months after thyroidectomy.

*P < .005: voice dysfunction versus no voice dysfunction.

Table IV. Area under the receiver operating
characteristics curve (AUC) for Voice Handicap
Index (VHI) and Consensus Auditory-Perceptual
Evaluation of Voice (CAPE-V). Change in scores at
first (1-2 week) postoperative visit.

Test result variable AUC
CAPE-V Severity 0.96
CAPE-V Pitch 0.88
CAPE-V Loudness 0.91
CAPE-V Roughness 0.85
Total VHI Score 0.97
VHI-Functional 0.94
VHI-Physical 0.94
VHI-Emotional 0.82

reported in the literature suggests that dysphonia af-
ter thyroidectomy (despite widespread awareness of
recurrent nerve injury) remains a significant and
likely underappreciated sequela of the operation.
A standard practice pattern is lacking among
thyroid surgeons for identifying patients suffering
early postoperative dysphonia, and no decision tool
has been applied generally for predicting which
patients are at risk for persistent dysphonia after
thyroidectomy. Surgical practice setting determines
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Fig 2. Changes in total VHI score (median and inter-
quartile range) from preoperative baseline in patients
with and without dysphonia, 1-2 weeks after
thyroidectomy.

availability of sophisticated laryngoscopic, acoustic,
and aerodynamic voice testing technology, and
many surgeons will have variable access to this
instrumentation. The level of personal comfort
with office-based direct or indirect laryngoscopy
and ability to interpret subtle vocal fold findings
indicating vocal dysfunction is likewise inconsistent
among thyroid surgeons.
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Post-operative change from
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Fig 3. Mean changes (+ standard errors) in total VHI score (mean) and Functional, Physical and Emotional VHI do-
main scores from preoperative baseline in patients with and without dysphonia, 1-2 weeks and 3 and 6 months after
thyroidectomy. *P < .005: voice dysfunction versus no voice dysfunction.
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Fig 4. Receiver operating characteristics (ROC) for early

(1-2 weeks) postoperative CAPE-V overall severity (grade)
and total VHI score changes from preoperative baseline.

Theoretically, the optimal surveillance strategy
to detect functional voice changes after thyroidec-
tomy would be noninvasive, inexpensive, quick, and
easy to use, both in terms of completion by patients
and interpretation by surgeons. To be clinically
relevant, such a strategy must possess excellent PPV
and NPV. It would function efficiently and equally
well in the small community hospital as in a tertiary
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Fig 5. Plot of change in CAPE-V overall severity (grade)
versus change in total VHI score from preoperative base-
line, 1-2 weeks after thyroidectomy. Threshold change in
these parameters was established using logistic regres-
sion at 20 and 25 for CAPE-V severity and VHI score,
respectively.

referral center. To that end, we report here our
findings in search of such a postthyroidectomy
surveillance strategy.

Results from laryngoscopic examination con-
ducted in a clinical voice research center were
correlated with simple clinician-and patient-derived
assessments of voice disturbance after thyroidec-
tomy. Based on the results of this study, the VHI
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appears to fulfill the intended postoperative surveil-
lance strategy. The VHI proved to be a quick test
easily completed in the clinic setting. Moreover, a
change from baseline of = 25 points on the VHI
score after thyroidectomy was highly predictive of
vocal dysfunction based on visual examination of
the larynx during phonation, with a PPV of 88% and
NPV of 97%.

The excellent PPVand NPV of the change in VHI
found in the present study may allow for this
questionnaire to be incorporated in the postoper-
ative decision making process for patients under-
going thyroidectomy. Those with no voice
complaints reported by either Voice Case History
or with minimal (< 25 point) change in VHI score
postoperatively are highly unlikely to suffer dyspho-
nia or functional voice limitation at any time in the
postoperative period. Long-term follow-up for vocal
concerns for these patients appears unnecessary.
Based on our findings, those with changes in the
VHI of = 25 points after thyroidectomy are pre-
dicted to suffer dysphonia in nearly 90% of cases,
which can be functionally limiting for months after
operation. Although our data suggest that return
to normal voice is anticipated in most patients
between 3 and 6 months, early referral to a voice
specialist may still be justified for more sophisti-
cated assessment and interventions to prevent the
development of maladaptive compensatory vocal
behaviors that may persist even after the resolution
of underlying neuropathology. Those patients that
screen positive by VHI (with changes in the VHI of
= 25 points after thyroidectomy) and are con-
firmed to have phonatory decrements via objective
voice measures can be referred for laryngeal
electromyography, which has been shown to be a
useful adjunct to the diagnosis, management,
and prediction of poor functional outcome in
patients with dysphonia and impaired vocal fold
movement.”

Optimal treatment options for unilateral vocal
fold paresis (partial interruption of nerve impulse
resulting in weak or abnormal motion of laryngeal
muscle (s), namely, partial loss of or impaired vocal
fold movement) includes temporary vocal fold
medialization (injection medialization laryngo-
plasty), usually by injecting resorbable material
(such as Gelfoam paste, collagen, fat, calcium
hydroxylapatite, nonanimal stabilized hyaluronic
acid, or micronized particulate form of decellular-
ized human donor tissue, Alloderm) into the lateral
aspect of the paretic vocal fold,”*** in conjunction
with behavioral voice therapy.g‘r)'38 Permanent dys-
phonia resulting from unilateral vocal fold paralysis
(owing to total interruption of nerve impulse
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resulting in no vocal fold movement) is typically
treated surgically with a permanent injection laryn-
goplasty (eg, vocal fold injection of nonresorbable
Teflon, expanded polytetrafluoroethylene, or poly-
acrylamide hydrogel), medialization thyroplasty,
arytenoid adduction or arytenoidopexy, RLN elec-
trostimulation, or reinnervation procedures, usu-
ally in conjunction with behavioral voice therapy
to facilitate patients learning how to optimize resid-
ual laryngeal function and avoid maladaptive com-
pensatory behaviors.**** Although we have found
in this study that those with a change of = 25 points
in the VHI score from baseline are unlikely to suffer
long-term dysphonia, we believe reevaluation at a 3-
month interval in symptomatic patients to be rea-
sonable given our modest data set (see Appendix).

The auditory-perceptual evaluation of voice by an
experienced speech-language pathologist before
and after thyroid resection using the CAPE-V iden-
tifies patients with early and significant postthyroi-
dectomy dysphonia according to perceived overall
voice severity (grade), habitual pitch, loudness, and
roughness. However, the CAPE-V is not patient
derived, and relies heavily on voice expertise, mak-
ing it impractical in surgery practice where the
proficiency to interpret it is not readily available.
Given the high predictive value observed with the
perioperative change in VHI in this study, particu-
larly considering the practicality issues associated
with the CAPE-V mentioned above, we favor the
utilization of the VHI by most thyroid surgeons
before and after thyroidectomy for identifying
patients with severe postoperative dysphonia.

It is important to acknowledge that although
sophisticated acoustic, aerodynamic, and videostro-
boscopic data were recorded in this prospective
cohort study, we have not presented or analyzed
these datahere. Itis ourintention to have the patient-
reported and clinician-derived data presented in
this study assist thyroid surgeons in all practice
settings, and to encourage thyroid surgeons to
adopt the VHI given its simplicity, practicality, utility,
and potential value in clinical decision making. The
overall clinical impact could be significant, given the
potential for streamlining and improving postoper-
ative care, and containing costs through selective
referral for specialized voice testing and care for
those patients most likely to benefit. Moreover, the
VHI provides surgeons a way to better inform their
patients about not only the anticipated postopera-
tive voice outcomes but also natural history of
changes in voice that follow thyroidectomy.

Important limitations of this study deserve
mention. This analysis is based on a relatively
small study population and even smaller number
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of patients with postoperative dysphonia. Al-
though we would consider these preliminary data
supportive of the proposed clinical utilization
of the VHI, prospective validation with a larger
sample size is warranted before the widespread
acceptance of our findings and implementation of
our recommendations. Moreover, the clinicians
who diagnosed dysphonia on the basis of objective
VLS criteria in this study, although experts in the
field, were not blinded to the subjects’ identity at
time of assessment of vocal fold abnormalities. For
that reason, one cannot exclude recall bias as a
potential factor in their assessments.

Continued study of functional voice changes
after thyroid operation is warranted and its charac-
terization important for timely rehabilitation, par-
ticularly in professional voice users. We think that
early referral to avoice specialistis warranted to help
patients with postoperative vocal dysfunction to
learn how to best use their optimal voice and avoid
developing maladaptive compensatory vocal behav-
iors while the voice recovers. This study provides
insights into the utility of patients’ self-assessment of
voice handicap. Patient-reported severity of voice
impairment using the standardized VHI reliably
identifies voice dysfunction after thyroidectomy.
Using the VHI in this setting may prove useful in
selecting patients who may benefit from referral to a
voice specialist. Patients with a change in VHI score
= 25 from preoperative baseline should be consid-
ered for early referral to speech pathology. This
study represents an important step forward in post-
operative decision making and treatment planning
by establishing the basis for early recognition of
vocal disturbances and selective referral for consid-
eration of voice rehabilitation. This prospective trial
is ongoing to further validate the VHI in patients
undergoing thyroid operations.
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Voice Case History Questions

Circle One Per Question

Is your voice typical today (compared with how it sounded before your operation)?
If “No,” are you having problems today (not related to surgery) that are affecting

your voice (e.g., allergies, upper respiratory infection, excessive talking,

indigestion, reflux)?

How does your voice sound to you?

If

abnormal, do you have any of these symptoms?
Hoarse voice

Voice fatigues easily or effortful to talk
Difficulty being heard or projecting
Pain/hurts when using voice

Difficulty singing

Loss of upper pitch range

Yes No
Yes No
Normal Abnormal
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
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