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A B S T R A C T

Background: The objective of this study was to determine if the laryngeal twitch response, when compared to
neuromonitoring, can predict postoperative vocal cord function and can thus be used in case of technical failure
of the EMG-recording electrode.
Methods: A total of 640 nerves at risk were included in this study based on a prospective protocol. The laryngeal
twitch response and the EMG-records were compared with the results of the postoperative laryngoscopy.
Results: Of the 640 nerves at risk, 582 showed a normal postoperative vocal cord function. A recurrent laryngeal
nerve paralysis (no vocal fold movement) was observed in 39 cases and recurrent laryngeal nerve paresis (re-
duced vocal cord movement) was diagnosed in 19 cases. The overall negative predictive value (NPV) in final
vagus nerve stimulation (V2) was 95.0% for the EMG-records and 94.8% for the laryngeal twitch response. When
pareses were excluded, the NPV was 96.8% and 96.6% respectively. The positive predictive value (PPV) of vagus
nerve stimulation lies between 51.4% and 57.1% excluding the pareses. It rises to values between 60.0% and
65.1% if they are included.
Conclusions: The laryngeal twitch response and the EMG-records show similar results, and the NPV is good in
both. Thus, in case of technical failure or displacement of the EMG-recording electrode, the laryngeal twitch can
be used in decision-making for or against a two-stage thyroidectomy.

1. Introduction

A recurrent laryngeal nerve injury remains a major complication in
thyroid surgery [1–4]. Visual identification and careful dissection is still
the gold standard to avoid recurrent nerve damage [5,6]. Over the last
two decades, however, neuromonitoring has become a useful tool to
facilitate the intraoperative localization of the recurrent nerve. Fur-
thermore, the technological progress and improvement of in-
traoperative EMG-record interpretation allows an increasingly safe
prediction of the nerve's function [5,7]. This has also led to the in-
troduction of the principle of two-stage thyroidectomy to avoid bi-
lateral recurrent laryngeal nerve palsy [3,8–10]. If a loss of signal oc-
curs intraoperatively after removal of the first lobe, the surgery should
be terminated. After recovery of the ipsilateral recurrent laryngeal
nerve, the contralateral side can be operated to complete surgery
[3,8–10].

While the negative predictive value (NPV) is good (well over 90% in
the literature), i.e. an adequate vagus signal after initial lobar resection

(V2) represents a normal vocal cord function, the positive predictive
value (PPV) of around 60% in the current literature is generally poor
and may result in unnecessary two-stage thyroidectomy [5,11]. If there
is a technical failure or the tube electrode (a surface electrode posi-
tioned on the endotracheal tube used for recording the muscle-response
potentials in intraoperative neuromonitoring) is misplaced, it is unable
to assist in the prediction of the postoperative vocal cord function.

To investigate additional parameters for decision-making in pro-
ceeding to total thyroidectomy, in case of an uncertain nerve conduc-
tion after removal of the first thyroid lobe, we analyzed the PPV and
NPV of the laryngeal twitch in this study.

The laryngeal twitch is defined by the palpable and impulse syn-
chronous contraction of the cricoarytenoid posterior muscle when the
vagus or recurrent laryngeal nerve is stimulated [12]. This phenomenon
has been described before, but larger data sets for its reliability to
predict postoperative vocal cord function are missing [12–15]. Never-
theless, Dralle et al. included the laryngeal twitch in their algorithm
when assessing a loss of signal intraoperatively [16].
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The purpose of this study was to evaluate if the laryngeal twitch is
representative in predicting postoperative vocal cord function when
compared with the EMG-records. Furthermore, we investigated whe-
ther the laryngeal twitch can be used as a possible alternative in case of
failure of the EMG-recording electrode, and whether it is reasonable to
complete thyroidectomy relying on a positive and strong palpable lar-
yngeal twitch.

2. Material and methods

In a prospective study, 388 patients undergoing thyroidectomy or
hemithyroidectomy (i.e. lobectomy plus isthmusectomy), for benign
and malign thyroid diseases between August 2015 and July 2016, were
included. They routinely underwent preoperative laryngoscopy and
patients with pre-existing vocal cord paresis or recurrent laryngeal
nerve paralysis were excluded from the study. All patients had vagus
and recurrent laryngeal nerve stimulation [5] using a stimulation hand
probe, including EMG-record, as well as laryngeal palpation before and
after removal of the thyroid lobe. On the first or second postoperative
day all patients routinely underwent an ORL-examination for assess-
ment of the vocal cord function. Only patients with a complete record
were included.

For internal quality assurance, all surgeons routinely complete a
prospective surgical protocol, i.e. prospective datasheet, immediately
after thyroid surgery. This contains detailed information about the
surgery, the EMG-records of the intraoperative neuromonitoring and
the results of the laryngeal palpation.

The overall inpatient and outpatient data collected included age,
gender, clinical diagnosis for indication, date of surgery, surgeon, the
extent of the surgery, pre-and postoperative vocal cord function, the
results of the laryngeal palpation, the type of EMG-electrode (needle or
tube electrode) and the EMG-records of the intraoperative neuromo-
nitoring. We used the avalanche neuromonitor for all procedures; the
adhesive surface electrode, the stimulation hand probe and the needle
electrodes were from Dr. Langer Medical.

After approval by the local ethical review board, we analyzed our
prospective institutional database, which contains clinical, surgical,
pathological and follow-up data of patients since January 1975. Details
of data collection and processing have been published previously
[6,17,18]. The work has been reported in line with the STROCSS cri-
teria [19]. The research was registered under the UIN Number: re-
searchregistry5066.

2.1. Laryngeal twitch palpation technique and study set-up

The laryngeal twitch or laryngeal palpation concerns the contrac-
tion of the laryngeal muscles, which is caused by the stimulation of the
recurrent laryngeal nerve or the vagus nerve with the stimulation hand
probe (which is also used in intermittent neuromonitoring). The sti-
mulation current we used ranged from 1.0 to 2.5mA. The technique of
laryngeal palpation has been shown by Randolph et al. [12] Ideally one
finger is inserted behind the larynx, but the laryngeal twitch is also
noticeable on the sides or on the front when palpating the cricothyroid
membrane. While the best muscle response can be achieved at the
lateral or back side of the larynx, especially in patients with large
goiters, this is often only possible after resection of the thyroid lobe.

The operative procedure was standardized. The initial vagus sti-
mulation with the stimulation hand probe and a tube electrode was
performed before the thyroid lobe was mobilized. A transcricoidal
needle electrode was only used instead of the tube electrode in excep-
tional cases when there was a technical problem with the tube electrode
or when the correct positioning of the tube electrode failed. If the
needle electrode had to be used the cricothyroid membrane was
punctured with the transcricoidal electrode at the lower border of the
thyroid cartilage and inserted such that the position of the needle
electrode was in the vocalis muscle. The recurrent laryngeal nerve was

stimulated with the hand probe, when using the tube and the needle
electrode, upon identification and was then dissected over its entire
length to perform the removal of the thyroid lobe under complete vision
of the nerve's integrity and also repeated neurostimulation. After lobar
resection and bleeding control was completed, another stimulation of
both the recurrent laryngeal nerve and vagus nerve was performed.
Initial and final EMG-response was recorded, and in addition the lar-
yngeal twitch response was carefully palpated and then documented
immediately after surgery in the prospective protocol. If a loss of signal
occurred intraoperatively, i.e. there was no vagus nerve signal in in-
termittent neuromonitoring after lobar resection, a two-stage thyr-
oidectomy was performed at our hospital after all measures were taken
to exclude and/or solve a possible equipment failure. The two-stage
thyroidectomy is used in these cases to avoid the risk of a bilateral
recurrent laryngeal nerve injury and is in agreement with current
guidelines [16,20].

On the first or second postoperative day all patients who had un-
dergone thyroid surgery also routinely underwent a laryngoscopy to
determine if they had a recurrent laryngeal nerve injury. Patients who
showed nerve injury at the end of surgery were examined with a fi-
berscope and an additional stroboscopy. Patients with a vocal cord
hypomobility were diagnosed with a vocal cord paresis in the ORL-
examination, whereas patients without any vocal fold movement were
defined as having a vocal cord paralysis [21,22].

2.2. Statistics

The descriptive statistical analysis was performed with Microsoft
Excel©. Negative predictive and positive predictive values as well as
sensitivity and specificity were calculated.

A negative result was defined as a palpable muscle twitch or an
EMG-record without a pathological finding. The absence of a palpable
laryngeal twitch response or a pathological EMG-record was regarded
as a positive result.

3. Results

A total of 388 patients, with 640 nerves at risk were included. Of
these, 277 (71.4%) were females with a mean age of 54.3 years and 111
(28.6%) were males with a mean age of 58.5 years. The indication for
surgery was a large endemic nodular goiter in 250 patients (64.4%), 65
patients (16.8%) had a malignant thyroid disease, 40 patients (10.3%)
were diagnosed with Graves’ disease, 14 patients (3.6%) had suspected
nodules in hashimoto thyroiditis, 10 patients (2.6%) underwent surgery
for a recurrent goiter and an intrathoracic goiter was present in 9 pa-
tients (2.3%). From the 640 nerves at risk, 177 (27.7%) belonged to
males and 463 (72.3%) to females. The analysis will focus on the nerves
at risk to allow comparison of the intermittent intraoperative neuro-
monitoring and the laryngeal twitch response.

A comparison was undertaken between the intraoperative findings
of the intermittent neuromonitoring and the laryngeal twitch response
in the vagus nerve and recurrent laryngeal nerve stimulation, taking
into account the postoperative laryngoscopy results. A further selection
was made by first including and then excluding patients with reduced
vocal cord function. To make the comparison, we used both the positive
predictive value, i.e. patients with a pathological intraoperative nerve
function and a postoperatively confirmed recurrent laryngeal nerve
injury, and the negative predictive value, i.e. patients with a normal
intraoperative nerve function and normal postoperative ORL-examina-
tion.

3.1. Postoperative vocal cord function

A normal postoperative vocal cord function was confirmed by the
ORL-examination in 90.9% (n= 582) of the nerves at risk. In 3%
(n= 19) of the cases, a recurrent laryngeal nerve paresis was
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diagnosed, whereas in 6.1% (n= 39) of the cases a recurrent laryngeal
nerve paralysis was observed in the routinely performed postoperative
ORL-examination on the first or second postoperative day.

3.2. Comparison of intermittent neuromonitoring and laryngeal twitch

The laryngeal twitch and the intermittent intraoperative neuromo-
nitoring show similar results in the prediction of postoperative nerve
function. The negative predictive values for both the vagus nerve and
recurrent laryngeal nerve are over or equal to 93.8% (see Tables 1 and
2) in both techniques, indicating that intermittent neuromonitoring and
the laryngeal twitch response are both safe to use for intraoperative
prediction of postoperative normal vocal cord function. When ex-
cluding patients with vocal fold hypomobility, an even higher negative
predictive value can be achieved.

Nevertheless, the positive predictive value for the prediction of an
impaired postoperative nerve function is weak in both the intermittent
neuromonitoring and in the laryngeal twitch response. The PPV for the
vagus nerve stimulation, excluding vocal fold pareses, is 57.1% and
51.4% for the intermittent neuromonitoring and laryngeal twitch re-
spectively. If the vocal fold pareses are included, the PPV rises to 65.1%
and 60.0% respectively. Values for the recurrent laryngeal nerve are
similar with a PPV of 56.1% and 51.7% excluding the vocal fold par-
eses, and a PPV of 66.7% and 62.2% including the vocal fold pareses.

Our results are also reflected in the sensitivity and specificity of the
findings. We have achieved a high specificity, correctly identifying the
patients during surgery, who will have normal postoperative vocal cord
function. Values range between 96.9% and 98.3%. The sensitivity,
however, is lower, ranging between 46.6% and 51.3% for vagus nerve
monitoring and between 33.3% and 39.7% for recurrent laryngeal
nerve monitoring.

The results of the descriptive statistics are shown in Tables 1 and 2.
The raw numbers used for calculation are depicted in Table 3.

4. Discussion

The significance of recurrent laryngeal nerve identification and in-
traoperative neuromonitoring has already been shown by our working
group and several other authors [5,23,24]. Intraoperative neuromoni-
toring is especially relevant in patients with thyroid carcinoma and a
possible invasion of the recurrent laryngeal nerve as the nerve identi-
fication is essential if nerve shaving or dissection needs to be per-
formed. A review by Dralle et al. assessing different studies about the
validity of intraoperative recurrent laryngeal nerve monitoring, showed

that in neuromonitoring with EMG-record the negative predictive value
and the specificity are very high, whereas the positive predictive value
and sensitivity are subject to a wide fluctuation [11]. These findings by
Dralle et al. [11] are largely in agreement with our findings. Alternative
instruments to reliably assess the postoperative vocal cord function,
such as the laryngeal twitch response, have rarely been discussed in the
literature. Yet the laryngeal twitch can be useful in case of technical
failure of the EMG-recording electrode or for financial reasons when
cost-reduction is necessary. The cost-effectiveness of intraoperative
neuromonitoring with EMG-record in patients undergoing thyroid sur-
gery has already been documented [24–26].

There are few papers in the current literature about the laryngeal
twitch. Randolph et al. for example, propose the laryngeal twitch as a
good alternative or supplement to neuromonitoring with EMG-record
[12]. However, as only one patient out of 449 patients with a total of
586 nerves at risk presented with a transient recurrent laryngeal nerve
injury, no positive predictive value could be obtained from the data. In
addition, it is not indicated in this paper if and in which timeslot after
thyroidectomy, routine postoperative laryngoscopy took place. Overall,
the laryngeal twitch response is presented as a safe method, first de-
scribed by Riddell in 1970, for intraoperatively assessing anticipated
vocal cord function [12,27]. The most recent paper on the laryngeal
twitch, by Cha et al. suggests that laryngeal palpation can be used to
predict postoperative vocal cord mobility in cases when intermittent
neuromonitoring with EMG-record is unavailable [13]. Cavicchi et al.
and Tomoda et al. have found that the results of the laryngeal palpation
method and of intermittent neuromonitoring are similar and that the
laryngeal twitch can safely be used for prediction of postoperative vocal
cord function [14,15,28]. The papers by Cavicchi, Tomoda and Cha are
consistent with our findings, since we can confirm the reliability of
laryngeal palpation in predicting postoperative vocal cord function. A
follow-up study by Cavicchi et al. reached the conclusion that neuro-
stimulation with laryngeal palpation is preferable, when cost-effec-
tiveness is taken into account, since there is no significant difference in
the rate of recurrent laryngeal nerve injury between the two methods
[14]. Loch-Wilkinson agree that compared to intermittent neuromoni-
toring, the laryngeal twitch response is less expensive. However, they
reach the conclusion that the laryngeal palpation as a discontinuous
monitoring method is neither useful nor beneficial [29].

A limitation of our study is its size. A larger prospective study as-
sessing the usefulness and cost-effectiveness of the laryngeal twitch is
warranted in future. This would also enable a direct comparison be-
tween those cases in which the laryngeal twitch and those in which
neuromonitoring with EMG-record were able to correctly predict the
outcome in the postoperative ORL-examination. A further limitation of
this study is that our recurrent laryngeal nerve dysfunction rate appears
higher than usual, largely because the protocols in patients with in-
traoperative loss of signal were complete, whereas other records were
missing information on the laryngeal twitch and thus had to be ex-
cluded from this study. The permanent recurrent laryngeal nerve dys-
function rate of our surgical unit lies under 1%.

Table 1
Comparison of intermittent neuromonitoring and laryngeal twitch response in
vagus nerve monitoring.

IONM Vagus
incl. pareses

IONM Vagus
excl. pareses

Twitch Vagus
incl. pareses

Twitch Vagus
excl. pareses

PPV 65.1% 57.1% 60.0% 51.4%
NPV 95.0% 96.8% 94.8% 96.6%
Sensitivity 48.3% 51.3% 46.6% 48.7%
Specificity 97.4% 97.4% 96.9% 96.9%

Table 2
Comparison of intermittent neuromonitoring and laryngeal twitch response in
recurrent laryngeal nerve monitoring.

IONM RLN
incl. pareses

IONM RLN
excl. pareses

Twitch RLN
incl. pareses

Twitch RLN
excl. pareses

PPV 66.7% 56.5% 62.2% 51.7%
NPV 93.8% 95.7% 94.2% 96.0%
Sensitivity 34.5% 33.3% 39.7% 38.5%
Specificity 98.3% 98.3% 97.6% 97.6%

Table 3
Overview of the raw numbers of the results for the laryngeal twitch response
and intermittent intraoperative neuromonitoring for all nerves at risk.

ORL normal ORL paresis ORL paralysis

Twitch RLN palpable 568 11 24
Twitch RLN not palpable 14 8 15

IONM RLN normal 572 12 26
IONM RLN not possible 10 7 13

Twitch Vagus palpable 564 11 20
Twitch Vagus not palpable 18 8 19

IONM Vagus normal 567 11 19
IONM Vagus not possible 15 8 20
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Laryngeal twitch response is highly useful for the intraoperative
prediction of postoperative unimpaired vocal cord function and can
supplement the assessment of intermittent neuromonitoring. Whether
the laryngeal twitch will be able to replace EMG-records in the future is
still unclear and further studies are needed. The laryngeal twitch offers
considerable cost-reduction compared to the intermittent in-
traoperative neuromonitoring with EMG-records; this would be much
appreciated in developing countries and would help them to routinely
adopt intraoperative neuromonitoring. However, unlike the EMG-re-
cord the laryngeal twitch cannot be documented objectively in patients’
records which might be of interest in malpractice claims [30]. Overall,
both the laryngeal twitch and the EMG-records of intermittent neuro-
monitoring are comparable procedures. The laryngeal twitch is a reli-
able alternative in case of technical failure in the EMG-recording
electrodes of the intermittent intraoperative neuromonitoring. There-
fore, if a strong laryngeal twitch is palpable during surgery and the
EMG-record shows no signal it is reasonable to continue surgery and
avoid a two-stage thyroidectomy while also being more cost-effective. A
prerequisite before surgery is to re-assess the indication in order to
avoid unnecessary thyroidectomies when a hemithyroidectomy would
also be feasible [4,31]. Neither intermittent neuromonitoring method
can reliably predict a recurrent laryngeal nerve injury, which is also
reflected in their positive predictive values. However, even if no lar-
yngeal twitch is palpable or a loss of EMG signal occurs during surgery,
this does not necessarily indicate a recurrent laryngeal nerve paralysis
or paresis. Given the possibility of an early recovery of the recurrent
laryngeal nerve after surgery, we assume that the PPV will never be
reliable. In continuous intraoperative neuromonitoring, for example, a
time span of 20min is given to assess if an intraoperative recovery takes
place and surgery may be continued. Furthermore, Dionigi et al. were
able to show that on different postoperative days the nerve injury rate
was different, and especially after the third postoperative day the injury
rates were significantly reduced [32].

5. Conclusions

In conclusion, the laryngeal twitch can be useful as an alternative to
intermittent neuromonitoring with EMG-record in case of its technical
failure, although it has the disadvantage that it is not objectively doc-
umentable in patients’ records. Overall, however, the laryngeal twitch
can be helpful in decision-making for one-stage thyroidectomy if neu-
romonitoring fails and can possibly lead to the benefit of avoiding a
two-stage procedure for the patient.
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