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Abstract

Background Well-differentiated thyroid carcinomas (WDTCs) sometimes adhere firmly to the recurrent laryngeal nerve
(RLN), while allowing normal mobility of the vocal fold (VF). Meticulous dissection of the adhered tumor from the RLN is
known to be effective, preserving VF mobility and oncological safety. However, phonatory function following this preserva-
tion procedure has yet to be evaluated sufficiently. The objective of this study was to examine phonatory function following
the preservation procedure.

Methods Ten patients with WDTCs, demonstrating normal preoperative VF mobility with tumors adhering to the RLN,
underwent the preservation procedure between 2000 and 2013 (preservation group). During the same period, nine patients
with WDTCs demonstrating normal VF mobility underwent resection and reconstruction of the tumor-invaded RLNs (recon-
struction group). Phonatory function, including maximum phonation time (MPT), mean flow rate (MFR), jitter, shimmer,
harmonics-to-noise ratio, and GRBAS scale score, was evaluated and compared statistically between the two groups.
Results The mean values of MPT and MFR in the preservation group were at normal levels. Both G and B scores of GRBAS
scale were at near-normal levels. Additionally, the mean B score of the GRBAS scale was significantly better in the preserva-
tion group than in the reconstruction group.

Conclusions When normal VF mobility is observed preoperatively, meticulous resection for preserving RLN would contribute
to maintain not only normal level of MPT and MFR, but also to provide better B score of GRBAS scale than RLN resection
followed by immediate reconstruction.
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Introduction surrounding tissues, including the strap muscles, larynx,

trachea, esophagus, and recurrent laryngeal nerve (RLN)
Well-differentiated thyroid carcinoma (WDTC) is a pre- [1]. After the strap muscles, the RLN is the second most
dominantly curable disease with a low mortality rate. common structure to be invaded by a primary thyroid tumor
However, some biologically aggressive WDTCs invade the  or lymph node metastasis [2].

Although presenting with normal mobility of the vocal
fold (VF), WDTCs are sometimes found to adhere firmly
P4 Satoru Miyamaru to the RLN during surgery. In such cases, patients undergo

smiyamaru@gmail.com RLN resection accompanied by tumor resection for onco-
logical safety. Once the RLN is resected, the resected side
of the VF should be paralyzed permanently and the patient
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normal postoperative VF mobility with preservation of the
intact nerve was restored in many cases. Based on these
perspectives, when preoperative VF mobility is normal and
the tumor is found to adhere to the RLN during surgery,
we usually try to preserve the RLN intact using meticulous
tumor resection, which we call the ‘preservation method’
in this study.

Good vocal quality can be expected with preservation
of an intact RLN. However, to our knowledge, few articles
have described the vocal outcome following the use of the
RLN preservation method after advanced WDTC surgery
[6]. As the parameters of phonatory function evaluated in
the literature [6] are solely aerodynamic, detailed evaluation
of vocal quality is difficult. Therefore, we evaluated not only
aerodynamic parameters, but also acoustic and perceptual
parameters of postoperative phonatory function in this study.
Additionally, as a control group, we included patients who
underwent resection and reconstruction of RLNs that had
been invaded by the tumors (which we call the ‘reconstruc-
tion method’ in this study) during the same period.

The objective of this study was to evaluate the postopera-
tive phonatory function, oncological safety, and VF mobil-
ity achieved with the preservation method and to compare
postoperative phonatory function between patients who
underwent preservation and reconstruction procedures for
advanced WDTC. The study findings would be helpful for
thyroid cancer surgeons, aiding determination of the proper
surgical indication in terms of postoperative vocal outcome
and oncological safety.

Patients and methods

During the period 2000-2013, we operated on 179 patients
with WDTC at Kumamoto University Hospital. Written con-
sent was obtained from all patients. Patients agreed that we
could use clinical data obtained from this study for diagnosis
and evaluation for the purpose of research. Ethical approval
was not necessary because this was a retrospective study and
included no additional examination of the patients. Twenty-
five patients were found to have tumors adhering firmly to
the RLN along with normal preoperative VF mobility. Ten
patients were treated with the RLN preservation method
(preservation group); they were two males and eight females
aged 35-79 years (median age, 58.5 years). The median
follow-up period was 106 months (range, 39-182 months).
Histology of WDTC were papillary carcinomas for 8 and
follicular carcinomas for two patients (Table 1).

The remaining 15 patients underwent resection of the
RLNs along with the tumors. The RLN reconstruction
method was applied during the same operation in nine of
these patients (reconstruction group). Histology of WDTC
was papillary carcinoma for all patients (Table 2). RLN

Table 1 Clinical data and phonatory function in the preservation group
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Table 2 Clinical data and phonatory function in the reconstruction group

Age  Sex Histopathology MPT (s)  MFR (ml/s) G score B score Jitter Shimmer HNR
1 68  Female Papillary 222 61 1 0.6 0.561 1.377 8.508
2 72 Male Papillary 10.4 146 1.6 1.3 2.954 8.768 8.539
3 61  Male Papillary 24.3 101.8 0.3 0 2.859 9.849 7.545
4 18  Male Papillary 12 327.1 0.6 0.6 1.31 7.343 9.469
5 71  Male Papillary 17.7 168.1 0.3 0 1.223 8.755 7.825
6 81  Female Papillary 18.2 166.3 1 1 12.071 20.236 3.08
7 63  Female Papillary 16.5 114.8 1.3 1.3 0.598 4.472 7.305
8 33 Female Papillary 6 202.4 0.6 0.6 2911 6.967 9.431
9 46  Female Papillary 11.3 138.2 0.6 0.6 4735 8.677 7.077
Average 57 154459 1584+756 0.81+045 0.67+048 3.247+3.58 8.494+5.13 7.642+1.92

reconstruction techniques used were direct RLN anastomo-
sis, ansa cervicalis—RLN anastomosis, and free nerve graft-
ing (in two, three, and four patients, respectively).

For the preservation method, we attempted to preserve the
RLN by scrutinizing it carefully under magnification. The
nerve was shaved carefully from the tumor using a scalpel.
Technical issues were secured since, limited two surgeons
(DM and EY) who had abundant experiences of thyroid can-
cer surgery, performed this surgery using a nerve monitoring
device. When preservation of the RLN intact was difficult,
we attempted to resect perineural tissue only, preserving the
core portion of the nerve as far as possible. In cases with
signs of invasion to the nerve fiber, such as color alteration,
the RLN was extirpated along with the tumor.

In this study, we examined the following three outcomes
to evaluate the effectiveness of the RLN preservation
method: (1) local recurrence; (2) postoperative VF mobil-
ity, and (3) postoperative phonatory function. VF mobility
was assessed by inspection of the larynx with a flexible fib-
erscope in all patients immediately after the operation and
at follow-up clinic visits. We also recorded the restoration
period in patients who experienced postoperative VF paral-
ysis. Postoperative phonatory function was assessed using
aerodynamic, acoustic, and perceptual analyses.

For aerodynamic analyses, patients were instructed to
produce a sustained vowel (‘a’) at a comfortable pitch and
volume for as long as possible. The maximum phonation
time (MPT) was measured for each patient using a stop-
watch, and the greatest values were included in the analyses.
The mean flow rate (MFR) was measured using a phonation
analyzer (PS-77E; Nagashima, Tokyo, Japan). During the
procedure, patients were instructed to produce the ‘a’ vowel
sound at a comfortable pitch and volume while holding a
mouthpiece tightly to their lips and wearing a nose clip.
Normal speakers usually have MPTs > 10 s and MFRs of
50-200 ml/s.

Acoustic analysis was conducted using the Multi-dimen-
sional Voice Program Model 5105 (version 3.1.7; Kay
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Elemetrics, Lincoln Park, NJ, USA). The vowel segment
was cut from the complete voice sample, and 0.5-1 s from
a stable portion of the vowel utterance was then trimmed
and analyzed. The acoustic parameters were jitter (nor-
mal, < 1.040%), shimmer (normal, <3.810%), and the noise-
to-harmonics ratio (NHR; normal, > 7.2 dB). The NHR was
converted to the harmonics-to-noise ratio (HNR) using the
equation HNR =10x1log,, (1/NHR) [7].

Patients’ voices were recorded in a sound-proofed room
using a digital recorder (Model PMD 670; Marantz, Sagami-
hara, Japan) connected to a microphone (Model WM-421;
Panasonic, Osaka, Japan). The microphone was held at a
distance of 20 cm from the mouth during recording. Patients
produced sustained phonation of the ‘a’ vowel sound at a
comfortable pitch and volume. The voice was sampled at
45 kHz through an anti-aliasing filter and stored in a pulse-
code modulation format. The speech segments of the record-
ings were used for auditory perceptual analysis. Perceptual
voice evaluations were conducted using the grade (G),
roughness (R), breathiness (B), asthenia (A), and strain (S)
(GRBAS) scale [8]. All speech samples were anonymized
before auditory perceptual assessment to avoid bias. The
mean G and B values were analyzed because unilateral VF
paralysis causes breathy hoarseness. One experienced oto-
laryngologist (YK) and two speech and language patholo-
gists (NK and TM) rated the parameters using a four-point
scale (O=normal, 1 =slight disturbance, 2=moderate dis-
turbance, 3 =severe disturbance).

Phonatory function was compared between the preserva-
tion and reconstruction groups. Six patients in the preser-
vation group (total, n=10) underwent phonatory function
evaluations. The reasons for lack of data for phonatory
functional parameters were as following: patient no. 2 and 4
presented bilateral VF paralysis due to not only the manipu-
lation of the ipsilateral RLN with meticulous resection but
also the contralateral RLN resection with invaded tumor.
Patient no. 1 and 6 refused the examination of phonatory
function. All parameters were evaluated in all nine patients
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in the reconstruction group. Clinical data and phonatory
functional outcomes in all patients in both groups are sum-
marized in Tables 1 and 2. These assessments were per-
formed more than 6 months after surgery as performed in
our previous study [9] in all patients. The ranges of examina-
tion periods were 6—100 months (median period, 70 months)
in the preservation group and 6—158 months (median period,
27 months) in the reconstruction group.

All data are presented as mean values + standard devi-
ations. Statistical analyses were performed using the
Mann—Whitney U test (StatView 5.0 for Windows; SAS
Institute, Cary, NC, USA). p values < 0.05 were considered
to indicate statistical significance.

Results
Local control

In the preservation group, one patient experienced local
recurrence at the ipsilateral tracheal ring (Table 1). We were
able to completely extirpate it while leaving the RLN intact.
Since the operation, the patient has survived without recur-
rence for > 10 years.

Vocal fold mobility

Three patients had normal VF mobility immediately after
the operation. Paralyzed VFs recovered fully over a period
of 2 or 3 months after the operation in four of seven patients.
In one patient, VF mobility was not recovered. The para-
lyzed VFs of the remaining two patients recovered partially
at 8 and 9 months after the operation, respectively (Table 1).

Both of these patients underwent tracheotomy during the
operations because their contralateral RLNs were resected
due to invasion of the carcinomas. One patient was able to
close her tracheostoma after the partial recovery of unilat-
eral VF mobility. Ten years after tracheostoma closure, she
underwent Ejnell’s operation [10], in which the paralyzed
VF is pulled laterally, due to the gradual deterioration of
dyspnea. The other patient did not close her tracheostoma.

Phonatory function

The mean MPT and MFR values in the preservation group
were 17.6+10.7 s and 135 +41.6 ml/s, respectively. Both
values were within the normal ranges. In the reconstruction
group, the mean MPT and MFR values were 15.4+5.9 s and
158.4 +75.6 ml/s, respectively. Neither parameter differed
significantly between the preservation and reconstruction
groups (p=0.304 and 0.252, respectively; Fig. 1). The val-
ues of MPT in two patients were below normal level. These
might be based on the permanent VF paralysis (no. 9) and
low vital capacity because of aged and small stature female
(no. 10), respectively.

The average jitter, shimmer, and HNR values in the pres-
ervation group were 1.743% + 1.69%, 6.394% + 3.36%, and
7.184 +1.65 dB, respectively. These values did not differ sig-
nificantly from those in the reconstruction group (p =0.179,
0.198, and 0.320, respectively; Fig. 2).

The mean G and B scores of the GRBAS scale were
0.53+0.45 and 0.20+0.31, respectively, in the preservation
group and 0.81+0.45 and 0.67 +0.48, respectively, in the
reconstruction group. The mean B score in the preservation
group was significantly better than that in the reconstruction
group (p =0.028; Fig. 3).

Fig. 1 Aerodynamic measure- MPT MFR
ments in both groups. MPT
maximum phonation time, MFR [sec] [ml/sec]
mean flow rate 30 ,Ll 250 'n—s|
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Fig.2 Acoustic analyses in both Jitter Shimmer HNR
groups. HNR harmonics-to-
noise ratio [%] [%] [dB]
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Fig.3 Perceptual evaluation G score B score
in both groups. G grade, B
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Discussion survival in cases in which the WDTC infiltrated into the

Although WDTC is one of the most treatable malignan-
cies, it occasionally invades regional structures. Approxi-
mately 7-16% of WDTCs were reported to invade sur-
rounding structures, including the strap muscles, larynx,
trachea, esophagus, and RLN [11-13]. Although complete
surgical resection clearly should be attempted in all cancer
surgeries, it is not always technically feasible and safe in
cases of locally advanced WDTC. Therefore, conserva-
tive and minimally invasive surgery to maintain structural
function and patients’ quality of life has recently become
common practice and been advocated [1, 14]. Following
this principle, the decision to undertake preservation or
resection of the RLN accompanied by advanced WDTC
tumor resection remains controversial.

Some studies have suggested that complete excision
with resectional management of the RLN did not improve

@ Springer

preoperatively functioning RLN [3-6]. In the current
study, one of ten patients experienced tumor recurrence
on the tracheal ring near the primary tumor. However,
we were able to salvage this case with additional surgery,
and the patient has remained cancer-free with normal VF
mobility for > 10 years. Our results support the previously
reported oncological safety of this method.

Some reports in the literature describe VF mobility after
meticulous tumor resection [4—6]. Nishida et al. [4] reported
the restoration of normal VF function in 14 (61%) of 23
patients with WDTC. Some functional VF mobility was rec-
ognized in 18 (78%) of 23 patients. Lang et al. [5] reported
6 (15%) cases of temporary and 3 (8%) cases of permanent
paralysis of the VF among 39 patients with WDTC. Kihara
et al. [6] reported that 15 of 18 (83%) patients with WDTC
had functioning VFs 1 year after surgery. In our study, nor-
mal VF mobility was preserved in 7 (70%) of 10 patients,
and partial VF mobility was confirmed in 2 (20%) of all
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patients eventually. Once the RLN has been resected, even
with use of the RLN reconstruction method, VF mobility on
the resected side is never recovered. We therefore emphasize
the necessity of preserving normal postoperative VF mobil-
ity when feasible. The advantage of preserving postoperative
VF mobility when the tumor adheres to the unilateral RLN
lies in the ability to avoid tracheostomy for bilateral RLN
paralysis due to subsequent tumor invasion of the contralat-
eral RLN. The avoidance of this procedure would maintain
the patient’s quality of life.

Another advantage of RLN preservation is the avoid-
ance of hoarseness caused by unilateral VF paralysis.
Therefore, the examination of phonatory function follow-
ing RLN preservation surgery is important. However, few
reports describe the detailed examination of postoperative
phonatory function. Kihara et al. [6] examined the phona-
tory function of patients who underwent partial-layer RLN
resection the same with our meticulous resection procedure.
To our knowledge, this report is the only one to describe
phonatory function outcomes after meticulous resection
of WDTCs from adhered RLNs. In that study, the authors
used the MPT/vital capacity ratio to evaluate phonatory
function because the MPT value tends to be affected by the
vital capacity [15]. The MPT/vital capacity ratio at 1 year
after surgery was in the normal range [6]. This ratio can be
used to characterize the degree of breathy hoarseness, but
the estimation of proper voice quality with this parameter
alone is difficult. Perceptual and acoustic analyses, as well
as aerodynamic analyses, are indispensable for the accurate
evaluation of postoperative phonatory function.

In perceptual analysis using the GRBAS scale, the mean
G and B scores in the preservation group were almost nor-
mal (0.53+0.45 and 0.20+0.31, respectively), and the mean
B score was significantly better in the preservation group
than in the reconstruction group (p =0.028). We previously
reported excellent postoperative vocal outcomes in the
reconstruction group [9, 16]. We assume that the signifi-
cant difference between the preservation and reconstruction
groups in the present study may depend on the presence or
absence of RLN paralysis and/or the degree of RLN damage.
One report in the literature notes that the severity of RLN
injury dictates the functional recovery of the laryngeal motor
system [17].

In general, aerodynamic parameters deteriorate with
insufficient glottic closure due to unilateral VF paralysis.
The mean MPT and MFR values in the preservation group
in our study were within normal ranges. Although no sig-
nificant difference was observed between groups, the aver-
age values of MPT and MFR were better in the preserva-
tion group than in the reconstruction group. If a sufficient
number of patients can be obtained in the future, significant
differences in these parameters could be detected. Acous-
tic parameters (jitter, shimmer, and the HNR) are used to

quantitatively and objectively evaluate the degree of voice
disorder and are easily influenced by other factors, such as
age and sex [18, 19]. As the patients included in the current
study were of various ages and both sexes, the results might
have varied widely, leading to the lack of detection of a sig-
nificant difference between groups.

The most important and significant clinical question for
thyroid cancer surgeons is the degree to which the RLN can
be dissected while preserving VF mobility. Unfortunately,
no definitive criteria relevant to this clinical question have
been established. Kihara et al. [6] examined the anatomical
structures of resected RLNs following the resection of RLN-
adhering tumors. They noted that 78—-82% of the nerve cross
section was composed of perineural connective tissue sur-
rounding the nerve fibers. They attempted to resect perineu-
ral tissue only, preserving the core portion of the nerve as far
as possible. Consequently, in some patients, the proportion
of the thinnest diameter of the preserved RLN to its original
size was less than 1/4. Postoperative VF paralysis recovered
in 9 (75%) of 12 patients [6]. If the remaining nerve does
not show color alteration, we suggest that the core portion of
the RLN should be preserved as far as possible. To establish
clear criteria regarding this issue, histological investigation
of resected RLNs and examination of correlations with post-
operative VF mobility should be performed with a sufficient
number of patients as part of a multi-institutional research
project.
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