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Abstract
Purpose To evaluate the reliability of intermittent intraoperative neuromonitoring (I-IONM) through recurrent laryngeal
nerve (RLN) stimulation and laryngeal palpation in predicting postoperative vocal cord palsy and to examine the reliability
of this technique in providing useful information in the decision to perform a staged surgery in initially planned total
thyroidectomy.
Methods This was a retrospective cohort study of patients who underwent thyroid surgery at the ENT Department of the
University of Bologna from January 2014 to June 2017. In all cases, preoperative and postoperative laryngoscopy was
performed. All surgeries were conducted with I-IONM and RLN simultaneous laryngeal palpation (NSLP) to detect
contraction (laryngeal twitch) of the posterior crico-arytenoid muscle. The incidence of vocal cord palsy was calculated for
nerves at risk. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), positive like-
lihood ratio, negative likelihood ratio, and diagnostic odds ratio were calculated with a confidence interval determined at
95% level.
Results Seven hundred and sixteen patients were enrolled in the study. The incidence of vocal cord palsy was 3.16%.
Specificity of I-IONM in predicting vocal cord paralysis was 99.1% and sensitivity was 90%. The NPV was 99.7% and PPV
78.3%. Two-stage thyroidectomy (ST) was performed in 22 cases (22/570: 3.85%). Six patients (27.3%) were false positive
and 16 true positive (72.7%) at I-IONM.
Conclusion High sensitivity and specificity values confirm the validity of I-IONM with NSLP in predicting postoperative
normal vocal cord function. Our results confirm that I-IONM may safely guide an ST overall in benign thyroid diseases and
in low-grade malignancies.
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Introduction

Recurrent laryngeal nerve (RLN) injury is one of the most
serious complications during thyroid surgery and represents
one of the leading reasons for surgical malpractice claims.

Even in experienced hands, transient RLN palsy occurs
in approximately 0.4–12% of cases and permanent palsy in
5–6% of cases.

A more fearful and sometimes life-threatening situation
is bilateral RLN palsy even if transient. Not only vocal cord
dysfunction and physical limitation but also airway
obstruction threat makes this complication, even if extre-
mely rare (0.2–0.5%), potentially lethal for the patient.

Over the years, surgical strategy has advanced from non-
visualization and avoidance of the RLN to the adoption of
routine identification of the RLN, which has been shown to
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be associated with a lower incidence of RLN injury [1–5].
There is now strong evidence that routine intraoperative
identification and capsular dissection are crucial in the
preservation of the RLN.

However, an anatomically intact nerve identified by
gross visualization does not confirm a functional nerve.

In the past few years the introduction of intraoperative
neuromonitoring (IONM) has gained increasing acceptance
as an adjunct for functional RLN assessment [6].

Guidelines of American Academy of Otolaryngology
Head and Neck Surgery suggest IONM adoption in revision
surgery, in the setting of pre-existing RLN paralysis, and in
bilateral thyroid procedures to prevent two-sided vocal cord
palsy [7]. Nevertheless, the debate of whether the use of
IONM can lead to modify the surgical strategy during a
planned total thyroidectomy still exists [8–10].

Some authors have suggested that the electromyographic
(EMG) signal may guide reliably the decision to stage
surgery when a loss of RLN signal on initial side is detected
[11–14], while other authors argue on IONM low accuracy
in predicting RLN palsy [15, 16].

Other studies have shown that intermittent RLN stimu-
lation with simultaneous posterior crico-arytenoid (PCA)
palpation is a safe and reliable intraoperative method of
RLN monitoring, having a high correlation with evoked
laryngeal EMG activity [17, 18].

The aim of this study was firstly to report our experience
about reliability of I-IONM, through RLN stimulation and
laryngeal palpation (NSLP), in predicting postoperative vocal
cord palsy. Secondly to examine the reliability of this tech-
nique in providing useful information in the decision to per-
form a staged surgery in initially planned total thyroidectomy.

Materials and methods

A retrospective review of prospectively collected data from
patients undergoing thyroid surgery with or without neck
dissection from January 2014 to June 2017 was conducted
with institutional review board approval.

In all cases preoperative and postoperative laryngoscopy
was performed. Patients with pre-existing vocal cord dys-
function were excluded.

NSLP was performed by a disposable nerve stimulator
(Xomed, Jacksonville, FL, USA) with the current intensity set
between 0.5 and 2.0 mA, depending on the threshold of the
nerve stimulation. Palpation for contraction of the PCA
muscle was performed after identification of the thyroid car-
tilage. A finger was inserted deep to the posterior lamina and
fascia overlying the vertebral column. In this way, the pos-
terior lamina of the PCA was palpated through the wall of the
hypopharynx to detect contraction (laryngeal twitch (LT)).

IONM was done according to the International Neural
Monitoring Study group Guidelines [6].

Surgical interventions were performed by an experienced
surgical team (>100 monitored procedures per year). In case
of planned total thyroidectomy, the surgical procedure
started with the dominant thyroid lobe according to malig-
nancy and or size criteria.

The RLNs were stimulated upon initial identification
before extensive dissection of the ipsilateral thyroid lobe.
At the end of the resection of the thyroid lobe, the RLN
was stimulated at various sites along its course, including
at the thoracic inlet and more distally. The ipsilateral
vagus nerve was also stimulated. In case of loss of LT and
planned total thyroidectomy, the surgical procedure was
always aborted. Contralateral lobectomy was planned
depending on histopathologic definitive diagnosis and
recovery of vocal cord function during postoperative
follow-up.

Definitions

The results of IONM were retrospectively assessed. Patients
outcome were categorized based on the results of IONM
and postoperative laryngoscopy as follows:

1. True positive (TP): Absence of LT found during
IONM a postoperative nerve paralysis.

2. True negative (TN): Normal LT during IONM with no
postoperative nerve paralysis.

3. False positive (FP): Absence of LT found during
IONM with no postoperative nerve paralysis.

4. False negative (FN): Normal LT signal during IONM
and postoperative nerve paralysis.

We classified nerve injury into two categories according
to the International Neural Monitoring Study Group: seg-
mental injury (LOS1), which involves a clear-cut RLN
segment that is lesioned and global injury (LOS2), where
the entire RLN and vagus nerve were non-conductive.

RLN dysfunction lasting more than 12 months was
considered permanent.

Outcomes measured

The primary outcome was to determine the incidence of
LOS. The secondary outcome was to evaluate the rate of
unilateral and bilateral RLN injuries, both transient and
permanent.

Finally, to describe the surgical strategy in patients in
which an LOS occurred on the first side of a planned total
thyroidectomy and methods and timing for completion
thyroidectomy.
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Statistical analysis

The incidence of palsy was calculated based on the number
of nerves at risk. Sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV), positive
likelihood ratio, negative likelihood ratio, and diagnostic
odds ratio were calculated with a confidence interval (CI)
determined at 95% level. CIs for sensitivity and specificity
were determined by the Wilson score method [19]. CIs for
positive and negative likelihood ratios were calculated with
the method described by Simel and colleagues [20]. The CI
for the diagnostic odds ratio was calculated as described by
Armitage and Berry [21].

Results

Seven hundred and sixteen patients were enrolled in the
study. Five hundred and fifty-two were females (77.1%),
while 164 were males (22.9%). Unilateral lobectomy was
planned and performed in 146 patients (20.4%). In 570
cases (79.6%), the planned surgical procedure was a total
thyroidectomy with central neck dissection in 52 (7.2%)
patients and lateral neck dissection in 25 (3.5%) cases.
Histopathological findings are listed in Table 1.

IONM outcomes

There were 1.264 nerves at risk (NAR). The RLN was
identified in all cases. The incidence of vocal cord palsy,

calculated for NAR, was 3.16% (40/1.264). No bilateral
vocal cord palsy was observed.

Sensitivity and specificity of IONM with NSLP to pre-
dict postoperative RLN function are summarized in Table 2.
Statistical results are listed in Table 3.

Of the 36 true-positive patients, 30 cases were defined as
LOS2 and 6 cases as LOS1. Recovery of vocal cord func-
tion was detected in 25 cases of LOS2 within a mean
follow-up of 12 week, while the remaining 5 cases are still
under annual follow-up.

None of the LOS1 patients experienced recovery of vocal
cord function after 1 year follow-up.

Surgical strategy

The clinical and I-IONM data of the staged cases are
resumed in Table 4. Twenty two patients, initially planned
for total thyroidectomy, were staged according to I-IONM
results (22/570: 3.85%). Six of these patients (27.3%) were
FP, while 16 were TP (72.7%). Thirteen (81.25%) of the TP
patients experienced vocal cord function recovery within a
mean of 6.1 weeks. The remaining 3 (18.75%) patients were
found to have unilateral permanent vocal cord paralysis.

ST was performed in three patients with preoperative fine
needle aspiration (FNA) diagnosis of PTC (T1a in two
cases, T1bN0M0 in one case) [22]. ST was also performed
in one patient with preoperative FNA diagnosis of atypia of
undetermined significance (Bethesda System [23]).

All the four cases were found to be unifocal PTC with
minimal extrathyroidal invasion in the final histopathology.
(pT3N0MX)[22]. The ATA stratification risk for recurrence
showed that all cases were at intermediate risk [24]. For the
above reasons, the patients underwent completion thyr-
oidectomy and radioactive iodine ablation therapy, when
recovery of vocal cord function was observed.

Twelve patients affected by multinodular goiter and
initially planned for total thyroidectomy were staged. In
none of these cases completion thyroidectomy was per-
formed, although final diagnosis resulted in microcarcinoma
in three patients. Surgery was stopped also in three patients

Table 1 Histopathological findings

Diagnosis %

PTC 38.4% (257 patients)

FTC 2.9% (21 patients)

MTC 1.11% (8 patients)

MNG 44.97% (322 patients)

GD 12.56 (90)

other 2.51% (18)

PTC papillary thyroid carcinoma, FTC follicular thyroid carcinoma,
MTC medullary thyroid carcinoma, MNG multinodular goiter, GD
Graves' disease

Table 2 I-IONM outcomes

True positive 36 cases 2.8%

False positive 10 cases 0.79%

True negative 1214 cases 96.0%

False negative 4 cases 0.31%

Results of the I-IONM with NSLP related to postoperative
laryngoscopy

Table 3 Statistical results of the I-IONM with NSLP related to
postoperative laryngoscopy

CI 95%

Sensitivity 0.9000 0.881–0.917

Specificity 0.9918 0.985–0.9956

Positive predictive value 0.783 0.759–0.805

Negative predictive value 0.997 0.991–0.999

Positive likelihood ratio 110.160 58.915–205.979

Negative likelihood ratio 0.101 0.04–0.255

Diagnostic odds ratio 1092.600 327.124–3649.309
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affected by Graves’ disease. In two cases, we decided
against the completion of the operation because the patients
were euthyroid and remain under endocrinological super-
vision. The third patient, affected by serious exophthalmos
and persistent hyperthyroidism, underwent completion
thyroidectomy. ST was adopted in three3 patients affected
from undeterminate lesions (two atypia of undetermined
significance and one follicular lesion of undetermined sig-
nificance [23]). The histopathological postoperative exam-
ination showed a benign diagnosis.

Discussion

RLN IONM is gaining acceptance as an adjunct in thyroid
surgery because it is the only method that provides the
surgeon intraoperative information regarding nerves iden-
tification and functional integrity. Therefore, it supplements
the gold standard method of visual identification with
valuable information about nerves anatomical integrity and
functional ability [8, 25].

A recent metanalysis reported a slightly lower rate of
postoperative bilateral RLN paralysis with IONM (0.27%
vs. 0.5%), but this difference was not statistically significant
[26].

Because of the rarity of RLN paralysis, it is calculated
that to achieve significant study power, recruitment of over
40,000 patients to each arm of randomized study focusing
on thyroid cancer would be required to unveil a true effect,
and over nine million patients if examining benign disease
[14].

Nevertheless, many authors suggested that IONM can
prevent bilateral RLN paralysis after signal loss on the
initial side of resection, by guiding the decision to stage
planned total thyroidectomy [11–14, 27, 28].

The results of the present study seem to confirm this
notion. As demonstrated by other authors, the validity of
IONM is mainly due to its high specificity and NPV [6, 8,
14, 18, 25, 29–36]. This means that when LT is detected
after first lobe resection, in initially planned total thyr-
oidectomy, the surgeon can safely approach the con-
tralateral lobe.

Table 4 Clinical, I-IONM data and management of staged thyroidectomy cases

Preoperative
diagnosis

Age
(years)

Gender I-IONM vs.
postoperative
laryngoscopy

LOS1/
LOS2

Postoperative
diagnosis

Time to vocal
cord recovery
(week)

Re-operation Time for re-
operation

MNG 70 Female TP LOS1 MNG Permanent No

MNG 52 Female TP LOS2 MNG 8 No

MNG 66 Female FP LOS2 MNG 8 No

MNG 38 Female TP LOS2 MNG 11 No

AUS 65 Male FP LOS2 PTC 7 Yes 9 weeks

MNG 47 Female TP LOS2 MNG 12 No

PTC 60 Male TP LOS2 PTC 5 No 7 weeks

MNG 65 Female TP LOS2 MNG 4 No

PTC 53 Female TP LOS2 PTC (Pt. 3) 3 Yes 6 weeks

MNG 71 Female TP LOS2 MNG 9 No

AUS 41 Female TP LOS2 MNG 7 No

FLUS 47 Female TP LOS1 MNG Permanent No

GD 38 Female FP LOS2 GD 7 No

GD 32 Male FP LOS2 GD 9 No

GD 51 Female TP LOS2 GD 5 Yes 10 weeks

PTC 55 Male TP LOS2 PTC 3 Yes 9 weeks

MNG 63 Female FP LOS2 MNG 8 No

MNG 67 Female TP LOS2 MNG 6 No

MNG 68 Male FP LOS2 MNG 5 No

AUS 41 Male TP LOS2 MNG 5 No

MNG 49 Female TP LOS2 MNG Permanent No

MNG 51 Female TP LOS2 MNG 2 No

MNG multinodular goiter, PTC papillary thyroid carcinoma, GD Graves' disease, AUS atypia of undetermined significance, FLUS follicular lesion
of undetermined significance
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The relatively low PPV of a lost IONM signal and the
possibility to have FP results are widely documented in the
literature [14, 16, 25, 32, 33] and the reasons are not yet
completely understood. In our study, both PPV and sensi-
tivity of IONM were higher than those reported in previous
studies [14, 18, 32], while FP results were obtained in <1%
of the patients. These results confirm that NSLP may be an
effective tool to modify surgical strategy during thyroid
surgery. Consequently, when a loss of signal occurs after
resection of the first lobe in planned total thyroidectomy, we
strongly advise to postpone the excision of the contralateral
side. Certainly, benign disease cannot dictate completion
thyroid surgery on the uninjured contralateral side in case of
LOS on the first side of resection. The risk of bilateral vocal
fold paralysis would be an unjustified complication related
to the non-neoplastic disease [28]. In our experience, we
have modified the surgical plan in 12 cases of multinodular
goiter. As recommend by other authors and guidelines, it is
mandatory to start surgery from the affected/prevalent side
[6, 13]. At present, none of these patients experienced any
clinical reasons to perform completion thyroidectomy.
Moreover, in our study, we have adopted two-stage thyr-
oidectomy also in Graves' disease (GD). One patient, TP at
I-IONM, needed a completion thyroidectomy after recovery
of vocal fold function for persisting uncontrollable hyper-
thyroidism and exophthalmos. The remaining two cases, FP
at I-IONM, did not need re-operation because they were
biochemically and clinically euthyroid. These results sug-
gest that ST may be safely applied also in GD. In case of
persistence or relapse of hyperthyroidism and permanent
paralysis that contraindicates completion thyroidectomy, the
remnant contralateral lobe, if relatively small, may be ablate
by radioiodine therapy [13].

To date, there is no consensus on ST for malignant
diseases. The main types of thyroid cancer not only differ
regarding morphology, pathogenesis, genetics, and patho-
physiology, but also concerning tumor biology, metastatic
behavior, and prognosis. Knowledge of these features is the
basis of the surgical concept of stage thyroidectomy even in
thyroid cancer management.

In our experience, we performed two-stage thyr-
oidectomy in three patients with preoperative FNA diag-
nosis of differentiated thyroid carcinoma and in one patient
affected by undetermined cytological lesion that was diag-
nosed as papillary carcinoma at final examination. Con-
sidering that differentiated thyroid carcinomas have an
acceptable prognosis despite local invasion and distant
metastases and considering the high chance of an early
recovery of the RLN function, staged thyroidectomy can be
carried out even in case of low-grade malignant diseases
[27, 28]. Moreover, in case of unifocal PTC without
extrathyroidal extension, lymph node metastases and vas-
cular invasion, patients can receive only a strict follow-up.

On the other hand, in patients with plurifocality or
extracapsular invasion, re-operation and postoperative RAI
are recommended. Undoubtedly the decision to perform
completion thyroidectomy may be very difficult in case of
permanent paralysis [34]. In these cases, radioactive iodine
remnant lobe ablation can be an alternative to completion
thyroidectomy [13, 37].

However, it is clear that patients must be informed pre-
operatively about the limitations of IONM and any potential
strategy changes that may occur during the planned bilateral
surgery. The possibility to stage the procedure in case of an
LOS on the initially operated side must be specified in the
preoperative informed consent. Patients must be informed
about the possibility of staging the intervention in case of an
LOS, in order to maintain patient autonomy and with
emphasis on shared decision making [13, 38]. Most of our
patients perfectly agree with this concept and understand the
clear benefit in deciding on a two-step approach in case of
an LOS on the initially operated side.

Conclusion

High sensitivity and specificity values confirm the validity
of I-IONM with NSLP in predicting postoperative normal
vocal cord function. Our results confirm that I-IONM can
safely guide a staged thyroidectomy overall in benign dis-
eases and in low-grade malignancies. The option of a two-
stage surgery must be shared with the patients who shall be
preoperatively informed about the advantages and dis-
advantages of IONM and on the potential surgical compli-
cations when IONM data are not considered.
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