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Background and Objectives   This study focused on predicting voice outcomes following 
hemithyroidectomy using skin electrode intraoperative neuromonitoring (IONM). 
Subjects and Method   The study involved 82 patients who underwent hemithyroidectomy. 
During the surgery, the researchers recorded skin IONM values for the vagus nerve and recur-
rent laryngeal nerve. Voice quality evaluations were conducted before the surgery and at vari-
ous intervals after the surgery (one week, one month, three months, six months, and one year) 
using the multidimensional voice program (MDVP), voice handicap index (VHI), and the 
grade, roughness, breathiness, asthenia, strain (GRBAS) scale. The study aimed to correlate 
perioperative skin IONM values with subjective and objective voice outcomes.
Results   The VHI scores increased up to three months post-surgery, with statistically signifi-
cant changes observed at one week post-surgery. The GRBAS scale scores also increased sig-
nificantly at one month post-surgery. Similar trends were observed in the MDVP data, includ-
ing a decrease in the maximum pitch between one week and three months post-surgery. 
Additionally, the study found that lower delta-V values (difference between the preoperative 
and postoperative signal amplitude of vagus nerve stimulation) were associated with higher 
F0 values at one week and three months post-surgery, while jitter and noise-to-harmonic ratio 
were higher in the group with higher delta-V values at three months post-surgery. 
Conclusion   Greater differences between the preoperative and postoperative signal ampli-
tude of vagus nerve stimulation during surgery were linked to worse postoperative voice out-
comes. Voice parameters worsened for up to 3 months after hemithyroidectomy but showed 
signs of recovery afterwards. These findings offer insights into predicting and managing voice 
outcomes after hemithyroidectomy.
 Korean J Otorhinolaryngol-Head Neck Surg 2023;66(11):750-7
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Introduction

The prevalence of thyroid cancer has significantly increased 
over the past few decades.1) Increased accessibility to ultra-
sound and fine-needle aspiration cytology has led to early de-
tection of thyroid cancer, including papillary thyroid micro-
carcinoma. Thus, hemithyroidectomy is being increasingly 
performed.2) Owing to the development of surgical techniques, 
most patients with thyroid cancer have a good prognosis. 
Therefore, patients expect positive changes to their quality of 
life, especially their voice, after surgery.

Post-thyroidectomy voice disorder (PTVD) occurs in 25%-

84% of thyroidectomies.3) According to Lee, et al., the most 
common cause of voice change is damage to the recurrent la-
ryngeal nerve (RLN) and external branch of the superior la-
ryngeal nerve (EBSLN).4) RLN damage can cause hoarse 
voice, voice fatigue, and breathing voices, whereas EBSLN 
damage makes it difficult to produce high-frequency tones.5,6) 
Other causes of voice impairment include cricothyroid mus-
cle injury, strap muscle injury, endotracheal intubation-related 
trauma, vascular congestion, and local hematoma.7-10) PTVD 
after thyroid surgery is well known; however, limited data are 
available on PTVD after hemithyroidectomy, which has been 
increasingly performed nowadays.

No international consensus has been reached on the diag-
nostic criteria for PTVD, and a few criteria have been used in 
previous studies (Fig. 1). When voice handicap index (VHI) 
score >12 is used to define PTVD, the incidence of PTVD in-
creases to 24% 1 week after surgery followed by falling to less 
than 8% after 3 months.11,12) According to grade, roughness, 
breathiness, asthenia, strain (GRBAS) score >0, it is highest 
at 6% 1 month after surgery, followed by a decreasing trend.12) 
Pitch maximum (Pmax) <80% of its preoperative value is 
used as a diagnostic criterion and is taken as a standard of 

Pmax. It is highest at 11% 1 month after surgery followed by 
a decreasing trend.3)

In recent years, several efforts have been made to prevent 
voice impairment after thyroid surgery. In South Korea, an 
electromyographic (EMG) endotracheal tube may be used as 
an intraoperative neuromonitoring (IONM) device if the Na-
tional Health Insurance standards are met, which include the 
following: 1) recurrent thyroid cancer in the central neck region, 
2) unilateral vocal cord palsy before thyroid surgery, 3) thyroid 
cancer with definitive central neck lymph node metastasis, 
4) thyroid cancer with definitive or suspicious extra-thyroid 
extension, and 5) high-risk thyroid surgery and parathyroid 
surgery, such as surgeries performed for Graves’ disease or 
significant thyroid enlargement. IONM can help identify the 
anatomical disposition of the nerves near the thyroid, which 
helps prevent damage to the RLN and EBSLN.5) However, ow-
ing to the high cost ($250 in South Korea), considerable rate 
of false ‘Loss of signal’ (10%-15%) as well as limited indica-
tions, most surgeons perform thyroid surgery without IONM. 

Therefore, other types of IONM are needed. Recent studies 
have shown that electrodes attached to the skin can comple-
ment the EMG endotracheal tube,13) and skin electrode IONM 
in thyroid surgery is increasingly used.

Voice changes may occur even after hemithyroidectomy; 
however, no methods are available to predict it. Therefore, in 
this study, we tried to determine whether PTVD could be pre-
dicted using the parameters obtained by skin IONM and sub-
jective and objective voice test results of patients. Moreover, 
the incidence and clinical progress of PTVD after hemithy-
roidectomy were investigated.

Subjects and Methods

Study population
Eighty-two patients who underwent hemithyroidectomy us-

ing skin electrode IONM between June 2019 and December 
2020 were retrospectively included in this study. The exclu-
sion criteria for enrollment were: 1) preoperative vocal cord 
palsy or paresis; 2) vocal cord disease (such as polyps, nod-
ules, papillomas, and Reinke’s edema); 3) laryngopharyngeal 
reflux; 4) complaints of hoarseness; 5) preoperative evidence 
of lateral nodal disease; and 6) insufficient medical records. 
The surgery was performed by a single senior surgeon (Kwang 
Yoon Jung). The Institutional Review Board (IRB) of the Ko-
rea University Medical Center approved this study (IRB No. 
2023AN0157).

Fig. 1. PTVD after hemithyroidectomy. There is no international 
consensus on the diagnosis of PTVD. Various parameters and 
cut-off values used in previous studies were reviewed and gradual 
decreasing trend over time was noted.11,12) PTVD, post thyroidec-
tomy voice disorder; VHI, voice handicap index; GRBAS, grade, 
roughness, breathiness, asthenia, strain; Pmax, pitch maximum; 
POD, post operative day.
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Procedures and parameters of skin electrode IONM
Two pre-gelled surface electrodes (DSE3125; Medtronic 

Xomed Inc, Jacksonville, FL, USA), sized 1.5×2.0×2.5 cm 
were attached to the skin at the level of the upper lateral 
margin of the thyroid cartilage bilaterally. The amplitudes of 
the four signals were measured using a neuromonitoring de-
vice (Computerized Speech Lab [CSL], Model 4500; Kay-
Pentax Inc, Lincoln Park, NJ, USA) with a ball-tip stimulator 
(Probe). Before thyroid lobe removal, the V1 parameter was 
acquired from the vagus nerve in the carotid sheath with a 
stimulation power of 5.0 mA while the R1 parameter was ob-
tained from the RLN with a power of 2.0 mA. When the thy-
roid lobe was removed and the RLN was exposed, the R2 pa-
rameter from the exposed RLN was obtained with a power of 
1.0 mA, and the V2 parameter from the vagus nerve was ob-
tained with a power of 5.0 mA (Table 1).

Analysis of voice quality and assessment of the 
subjective functional status

The vocal cords of all patients were examined before and 
after thyroidectomy. The subjects underwent repeated func-
tional voice quality evaluation before surgery and at 1 week, 
1 month, 3 months, 6 months, and 1 year postoperatively. The 
patients received voice therapy during the same postoperative 
period. Two voice specialists who were unaware of the study 
performed the voice quality evaluations. 

Acoustic analysis (measuring fundamental frequency [F0], 
jitter, shimmer, and noise-to-harmonic ratio [NHR]) was 
performed by the multidimensional voice program (MDVP) 
software application from the Computerized Speech Lab 
system (model 4500; KayPentax Inc, Lincoln Park, NJ, USA). 
Aerodynamic analysis (measuring mean flow rate, maximum 
phonation time, and subglottic pressure) and voice range pro-
file analysis (measuring voice pitch range and intensity range) 
were also performed.

The subjective voice was evaluated using the GRBAS scale, 
which consists of five parameters: overall grade of hoarse-
ness (G), roughness (R), breathiness (B), asthenia (A), and 

strain (S). A 4-point scale was used for each parameter (0= 

normal, 1=slight, 2=moderate, 3=severe). The VHI ques-
tionnaire, which consists of 30 questions divided by content 
into 3 subscales covering functional, physical, and emotional 
parameters was used as well. The scale was scored from 0 
(never) to 4 (always) for each question, with a minimum score 
of 0 and a maximum total score of 120. 

Statistical analyses
All statistical analyses were performed using the SPSS soft-

ware (version 22.0; IBM Corp., Armonk, NY, USA). Statistical 
analysis was performed using the Wilcoxon signed-rank test to 
compare voice outcomes by period, and paired t-test and 
Mann-Whitney U test were used to compare IONM parame-
ters and voice analysis outcomes. For all the tests, the statistical 
significance was set at a probability of <0.05 (p<0.05).

Results

Demographics and skin IONM parameters
A total of 82 patients were enrolled in the study. The mean 

age was 50.9 (±14.3) years. Among 82 patients, 18 were male 
and 64 were female. The mean body mass index was 24.89 
(±3.57) kg/m2. Seventy-two patients were diagnosed with 
papillary thyroid carcinoma, while the others were diagnosed 
with nodular hyperplasia, sclerosing thyroiditis, Hurthle cell 
adenoma, or follicular adenoma. The average size of the tu-
mor was 0.80 (±0.55) cm. An extrathyroidal extension was 
observed in six patients during thyroid surgery (Table 2).

The amplitude of the skin IONM parameters was as follows: 
the average value of V1 was 237.57 (±81.69) μV, while the 
median was 227 (range, 106-419) μV. The average values of 
V2, R1, and R2 were 216.32 (±88.16) μV, 176.63 (±70.07) 
μV, and 192.96 (±83.16) μV, respectively, while the median 
values were 202 (range, 74-512) μV, 157 (range, 48-379) μV, 
167.5 (range, 91-462) μV, respectively. Delta V (ΔV), defined 
as the difference between V1 and V2 (V1-V2) had an aver-
age value of 21.26 (±61.89) μV with a median value of 19.5 
(range, -275-154) μV (Table 3).

Changes in postoperative voice parameters 
Changes in voice parameters after hemithyroidectomy are 

denoted on various scales (Fig. 2 and Table 4). In the early 
postoperative period, some voice parameters worsened. Com-
pared to the preoperative value (2.500), the VHI score in-
creased until postoperative 3 months, though only the changes 

Table 1. Sequential stimulus location and intensity during 
hemithyroidectomy using skin electrode intraoperative neuromon-
itoring using a ball tip probe

Using a ball-tip stimulator (Probe)

V1 5.0 mA From vagus nerve before hemi-thyroidectomy
R1 2.0 mA From recurrent laryngeal nerve, not exposed
R2 1.0 mA From exposed recurrent laryngeal
V2 5.0 mA From vagus nerve after hemi-thyroidectomy
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occurring in the postoperative 1 week (8.317, p<0.001) were 
statistically significant. The GRBAS scale score also showed 
an increase during postoperative 1 month (0.146, p=0.039) 
compared to the preoperative score (0.024). 

MDVP showed a similar trend. The Pmax decreased dur-
ing the period of postoperative 1 week, 1 month and 3 months 
(p<0.001, p<0.001, and p=0.005, respectively). During the 
late postoperative period, F0 (Hz) increased and jitter (%) de-
creased at postoperative 1 year (both p=0.001). Shimmer (%) 
decreased during the period between postoperative 6 months 
and 1 year (p=0.001 and p<0.001, respectively). The NHR 
and pitch minimal (Pmin) did not show any significant changes 
perioperatively.

Prediction of voice outcomes with skin IONM 
parameters 

To compare IONM parameter amplitudes and perioperative 
voice parameters, the patients were divided into two groups 
according to whether the patient’s ΔV was higher or lower than 
the median value (19.5 μV). When voice outcomes of the two 
groups are compared, no statistically significant differences 
were observed in VHI and GRBAS scores between the two 
groups (Fig. 3 and Table 5). However, when ΔV was lower than 
the median value, F0 was higher than its values at postopera-
tive 1 week and 3 months (both p=0.04). Jitter and NHR had a 
higher figure in the group with ΔV higher than the median 
value at postoperative 3 months (p=0.02 and p=0.001, respec-
tively). A subgroup analysis was performed based on the sex 
of the patients, and no significant differences were observed.

Table 2. Overview of the participants characteristics and patho-
logic results

Parameter Hemithyroidectomy (n=82)

Age (yr) 50.9±14.3
Sex

Male
Female

18 (22.0)

64 (78.0)

Body mass index (kg/m2) 24.89±3.57
Tumor factors

Tumor size (cm)

Malignancy
Multiplicity, number
Extrathyroidal extension

0.70 (0.1-3.4)

72 (87.8)

1.32±0.62
6 (7.31)

Pathology
Papillary thyroid carcinoma
Nodular hyperplasia
NIFTP
Hurthle cell adenoma
Sclerosing thyroiditis
Follicular adenoma

72 (87.8)

4 (4.88)

2 (2.44)

2 (2.44)

1 (1.22)

1 (1.22)

Data are presented as mean±standard deviation or n (%) or 
median (range). NIFTP, non-invasive follicular thyroid neoplasm 
with papillary-like nuclear features

Table 3. Mean, median, and standard deviation of skin electrode 
intraoperative neuromonitoring values measured during surgery

Amplitude (n=82) Average±SD (μV) Median (μV) (range)

V1 237.57±81.69 227 (106-419)

V2 216.32±88.16 202 (74-512)

ΔV (V1-V2) 21.26±61.89 19.5 (-275-154)

R1 176.63±70.07 157 (48-379)

R2 192.96±83.16 167.5 (91-462)

V, vagus nerve; R, recurrent laryngeal nerve; SD, standard de-
viation; Delta V (ΔV), difference between V1 and V2

VHI, GRBAS
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Fig. 2. Change in objective and subjective voice values from preoperative to 1 year postoperative. VHI is plotted as a solid line with values 
on the left y-axis, and GRBAS is plotted as a double line with values on the right y-axis (A). Jitter, NHR, and shimmer are plotted as solid 
lines and represented on the left y-axis, while F0, Pmin, and Pmax are plotted as double lines and represented on the right y-axis (B). 
VHI, voice handicap index; GRBAS, grade, roughness, breathiness, asthenia, strain; NHR, noise-to-harmony ratio; F0, fundamental 
frequency; Pmin, pitch minimal; Pmax, pitch maximum.
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Discussion

PTVD is known to have various causes, such as nerve dam-
age, muscle strap and constraint, esophageal adhesion, and 
vocal cord damage during anesthesia, which can occur even 

in the absence of obvious nerve damage. The literature to date 
has included data on the occurrence of voice disorders after 
thyroidectomy, and limited data are available on voice disor-
ders after lobectomy, which has been increasingly performed. 
A meta-analysis showed that IONM during thyroid surgery 

Table 4. Change in objective and subjective voice values from preoperative to 1 year postoperative (n=82)

Preoperative Postoperative 
1 week

Postoperative 
1 month

Postoperative 
3 month

Postoperative 
6 month

Postoperative 
1 year

VHI 2.500 8.317 (＜0.001) 5.804 (0.061) 3.658 (0.342) 2.329 (0.497) 1.244 (0.085)

GRBAS 0.024 0.097 (0.194) 0.146 (0.039) 0.024 (＞0.999) 0.095 (0.317) 0.090 (0.655)

Multidimensional voice
F0 (Hz)

Jitter (%)

Shimmer (%)

NHR (dB)

Pitch minimal (Hz)

Pitch maximum (Hz)

 
195.263

0.827
3.123
0.124

152.887
479.481

 
198.111 (0.211)

0.756 (0.645)

2.885 (0.783)

0.121 (0.267)

147.827 (0.551)

411.269 (＜0.001)

 
198.498 (0.159)

0.813 (0.902)

2.955 (0.859)

0.121 (0.618)

147.983 (0.843)

431.561 (＜0.001)

 
198.661 (0.238)

0.650 (0.124)

2.739 (0.332)

0.124 (0.675)

148.342 (0.472)

453.097 (0.005)

 
196.161 (0.022)

0.710 (0.135)

2.465 (0.001)

0.122 (0.948)

149.857 (0.401)

476.758 (0.772)

 
206.552 (0.001)

0.658 (0.001)

2.606 (＜0.001)

0.120 (0.647)

155.203 (0.360)

488.525 (0.497)

The p-value compares the preoperative group to the group at each time point. VHI, voice handicap index; GRBAS, grade, 
roughness, breathiness, asthenia, strain; F0, fundamental frequency; NHR, noise-to-harmony ratio
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significantly reduces damage to the RLN.14) In this study, we 
investigated the incidence and progression of voice disorders 
after lobectomy and evaluated whether the occurrence of 
PTVD could be predicted through IONM using skin electrodes.

When the skin IONM parameters were measured, the av-
erage value of R2 was higher than that of R1. Unlike R1, R2 
is a value measured after RLN exposure; therefore, it showed a 
higher signal value even with a lower-intensity stimulus. Thus, 
we used the difference in V values that were measured at the 
same location and using the same-intensity stimulus.

Extensive data are available on IONM parameter values us-
ing endotracheal tubes, and standard values are being estab-
lished; however, data on IONM parameter values using skin 
electrodes are limited. Prior research has demonstrated that 
the median amplitude of vagus nerve stimulation using the at-
tached electrodes typically measures around 200 μV, which is 
less than that of the EMG tube.15) Our current study yielded 
comparable results (Table 2), with the reduced intensity at-
tributed to signal attenuation during the transmission of sig-

nals from the vocal cord muscles to the skin.
While previous research has examined the pre- and postop-

erative amplitude ratios of R1 to R2 and V1 to V2,15) no prior 
studies have explored the connection between intraoperative 
nerve monitoring parameters and voice outcomes. In this 
study, we hypothesized that a larger difference in amplitude 
was associated with more severe nerve damage and worse 
voice change. Therefore, patients were divided into two groups 
using the median change in the V value as the cut-off value.

Contrary to expectations, no statistically significant differ-
ence was observed in the subjective parameters between the 
two groups. Until postoperative 1 month, when the subjective 
parameters showed deterioration (Fig. 2), only F0 significant-
ly decreased in the group with larger ΔV. At postoperative 
3 months, F0, jitter, and NHR worsened in the group with 
larger ΔV, and no significant difference was observed between 
the groups after that period. To evaluate the differences caused 
by sex when measuring F0, Pmax, and Pmin, we conducted 
a subgroup analysis in the male and female groups; however, 

Table 5. Prediction of voice outcomes with skin IONM parameters
Median delta V=19.5 μV

ΔV＜median (n=41), 
ΔV＞median (n=41)

Preoperative Postoperative 
1 week

Postoperative 
1 month

Postoperative 
3 month

Postoperative 
6 month

Postoperative 
1 year

VHI
ΔV＜median
ΔV＞median

2.854
2.146

10.659
5.976

5.537
6.073

4.268
3.049

2.500
2.150

1.720
0.550

GRBAS
ΔV＜median
ΔV＞median

0.049
0.000

0.073
0.122

0.244
0.049

0.000
0.049

0.060
0.140

0.000
0.180

Multidimensional voice F0 (Hz)

ΔV＜median
ΔV＞median

198.915
191.611

206.568
189.654

207.210
189.786

207.485
189.837

203.672
187.351

208.501
204.717

Jitter (%)

ΔV＜median
ΔV＞median

0.743
0.910

0.702
0.810

0.843
0.783

0.490
0.811

0.720
0.700

0.620
0.690

Shimmer (%)

ΔV＜median
ΔV＞median

2.983
3.263

2.899
2.872

2.957
2.954

2.557
2.922

2.440
2.490

2.380
2.820

NHR (dB)

ΔV＜median
ΔV＞median

0.123
0.126

0.121
0.121

0.121
0.122

0.119
0.130

0.400
0.920

0.190
0.130

Pitch minimal (Hz)

ΔV＜median
ΔV＞median

154.845
150.930

153.734
141.920

153.712
142.254

154.104
142.580

149.931
149.765

155.624
154.811

Pitch maximum (Hz)

ΔV＜median
ΔV＞median

497.631
461.331

419.158
403.381

454.312
408.809

471.537
434.657

489.252
462.121

505.421
472.633

IONM, intraoperative neuromonitoring; ΔV, difference between V1 and V2; VHI, voice handicap index; GRBAS, grade, rough-
ness, breathiness, asthenia, strain; F0, fundamental frequency; NHR, noise-to-harmony ratio
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no significant differences were observed. From these results, 
if the difference between V1 and V2 is large, we can predict 
that the voice analysis results might be worse than their coun-
terparts within postoperative 3 months followed by recovery 
after postoperative 6 months.

Voice alterations following thyroid surgery are a well-ac-
knowledged phenomenon, extending beyond instances of RLN 
injury.16) A comparative investigation involving pre- and post-
operative voice metrics, similar to our own study, revealed 
that post-operative voice impairment is most pronounced im-
mediately following the surgical procedure. Subsequently, 
there is a noteworthy improvement at the three-month mark, 
although it remains inferior to pre-operative levels. However, it 
tends to fully return to pre-operative status within one year.17)

After thyroidectomy, adhesions form between the larynx 
and the adjacent strap muscles and subcutaneous fat, constrict-
ing laryngeal mobility and precipitating voice alterations.18) 
Notably, this study ascertained a significant restoration of voice 
quality at the three-month juncture in comparison to the one-
month post-operative assessment, a pattern that aligns with 
our present investigation.

Furthermore, it is noteworthy that voice impairment can 
manifest even in the absence of overt RLN damage, attribut-
able to adhesions with the surrounding tissues of the larynx. 
Such impairments tend to exhibit discernible recovery trends 
approximately three months post-surgery. The extent of the 
difference in amplitude between pre- and postoperative va-
gus nerve stimulation values can impact voice quality. Nev-
ertheless, even if the voice initially deteriorates, it often tends 
to recover over time.

A limitation of our study is that when using a skin electrode, 
the measured value may be different for each person depend-
ing on the location of attachment and skin thickness; there-
fore, our research results cannot be generalized. In this study, 
every operation was performed by a single senior surgeon. 
Therefore, the inter-tester errors were minimized.

In our study, only 82 patients were examined; therefore, we 
attempted to predict voice changes using median cut-off val-
ues. Further studies with a larger number of patients should 
be conducted to establish standardized values to predict voice 
outcomes using skin electrode IONM.

We used the V values in this study instead of the R values, 
which have a more direct effect on the voice owing to differ-
ent experimental settings. In future studies, we might mea-
sure R values with the same power before and after hemithy-
roidectomy to obtain meaningful results in predicting voice 

changes using delta R values. A subsequent study may also 
consider conducting a comparison of both latency and ampli-
tude in order to arrive at more inclusive findings. Furthermore, 
the investigation could extend to evaluating the parameters 
of the superior laryngeal nerve, which has the potential to in-
fluence high-pitched voice production, thereby contributing 
to a more comprehensive assessment of voice prognosis.

In conclusion, early diagnosis of thyroid cancer has become 
possible because of the early implementation of ultrasound and 
fine-needle aspiration cytology, and hemithyroidectomy is be-
ing increasingly performed. This study was conducted to pre-
dict the incidence and course of the voice disorders that occur 
after hemithyroidectomy.

Several studies have attempted to predict the incidence of 
PTVD after thyroidectomy using various scales. The incidence 
tended to increase until 1 month after surgery and was report-
ed to be up to 24%. Subsequently, it showed a tendency to 
gradually decrease, and after 3 months, it was usually normal-
ized. This study showed a trend consistent with previous stud-
ies and revealed that voice outcomes deteriorated until 3 months 
after surgery and then gradually improved.

We attempted to predict post-hemithyroidectomy voice 
changes using IONM parameters with skin electrodes. IONM 
using a skin electrode can be used during thyroid surgery in 
cases where the EMG endotracheal tube cannot be used be-
cause of limited indications. As shown in this study, it may be 
possible to predict the occurrence of PTVD in patients based 
on the ΔV value measured during surgery. A greater difference 
in the amplitude of the IONM parameter was associated with 
the likelihood of PTVD occurrence. Further studies are re-
quired to include more patient groups with more detailed sub-
group analyses to reveal the association between various voice 
parameters and PTVD, such that the operators are able to pre-
dict PTVD more accurately and ultimately improve voice out-
comes after thyroidectomy.
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