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Abstract
Continuous intraoperative neuromonitoring is currently the gold standard technique available to prevent recurrent laryngeal
nerve injuries. It significantly reduces the complication rate compared with intermittent intraoperative neuromonitoring, and
represents significant progress in thyroid surgery, particularly in cases of more difficult dissections.
There are, however, some technological and interpretative limits related to the lack of standardization of continuous intraoperative neuromonitoring and the prolonged length of time employed in the surgical positioning of the probe, despite various
proposed approaches to the vagal nerve.
Nonetheless, this method can be considered a safe and modern approach to thyroid surgery that reduces post-surgical complications and provides useful information.
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T

he first attempts at continuous monitoring (continuous
intraoperative neuromonitoring, cIONM) of the recurrent laryngeal nerve (RLN) in thyroid surgery date back to
the first half of the 1990s.
In 2007, the surgeon Wolfran Lamade, using an electrode
placed on the vagal nerve (VN), performed the first cIONM.
The same principle conceived by Lamade is still in use.[1–5]
By applying an electrode constantly in contact with VN and
minimizing the interval between two stimulations (greater
frequency), a real-time monitoring of the nerve and therefore of its function during the surgical procedure is ob-

tained, thus overcoming the vulnerability of the intermittent intraoperative neuromonitoring (IONM).[6, 7]
Various types of electrodes are available on the market,
and they mainly differ in shape, size, flexibility, application
method, and polarity. The electrodes are primarily distinguished on the basis of an open, closed, and semi-closed
conformation. The open conformation may require the
electrode to be placed on the surface of the nerve or to
surround the nerve. In the former case, opening of the neuromuscular bundle and visualization of the surface of the
nerve is required; in the latter case, a 360-degree dissection
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is required, followed by opening the neurovascular bundle and isolating and mobilizing VN. To achieve this, various types of surgical accesses can be used. The preferred
one is median access with the incision of the linea alba
cervicalis and divergence of the two layers of strip-muscles (superficially sternohyoid and deeply sternothyroid).
Once the thyroid lobe is medialized, the neuromuscular
bundle is visualized. The major limitations of this access
are related to the glandular volume in case of a considerably increased thyroid size with predominantly lateral
bulkiness or in case of recurrence because of the presence of the electrode on the operating field. Alternatively,
the modified lateral access can be used. It is necessary to
open the superficial cervical fascia between the sternohyoid muscle and the sternocleidomastoid muscle, directly
reaching the neuromuscular bundle after separating the
sternocleidomastoid muscle, thus allowing visualization
even if the thyroid lobe is particularly bulky. VN occupies
a middle and deep space between the internal jugular
vein and the common carotid artery (73%); however, it
can also be found medially (15%) or laterally (8%) to the
vessels and on the surface (4%).[8]
Some studies have shown that cIONM, compared with
IONM, significantly reduces RLN injuries, representing a significant progress in thyroid surgery;[1–5] cIONM is especially
useful in difficult cases, such as recurrences with numerous
adhesions, tumors infiltrating adjacent tissues, voluminous
goiters, and Graves’ disease.[9]
Nevertheless, cIONM has some limitations, both technological and interpretative. The first limitation is the time
consumed in the surgical positioning of the cIONM probe,
which is considered more difficult than other procedures
with IONM or without monitoring.[6, 7, 9] Various methods of
approaching VN have been proposed, and several probes
are available on the market that help simplify the procedure.[10] Prototypes of transcutaneous or percutaneous
cIONM models have proved to be significantly feasible and
appear to be the same as the standard cIONM. Use of such
prototypes could make the procedure simple and safer.
In 2012, Friedrich et al. conducted a prospective randomized study on the safety of cIONM and did not detect any
hemodynamic alterations or reductions in plasma cytokine
or tumor necrosis factor-alpha levels despite an increase in
vagal tone.
Another possible limitation of cIONM could be linked to
the lack of standardization of its use. Significant differences
in the criteria used for the “alarm” threshold[11–13] have been
reported in the literature. For an alarm to be high, the following combined criteria must be present: (a) loss of amplitude >50%; (b) increase in latency >10%; (c) number of
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combined records; (d) associated high risk of surgical maneuver; (e) exclusion of systemic, anesthetic, and technical
factors.[14–16] All of these are important criteria that must be
met to minimize the rate of false positives and false negatives. In this regard, it is clear that establishing uniformity
criteria for alarm levels is essential. Furthermore, if low
threshold were used to raise an alarm, the number of false
positives would increase, with surgical procedures unnecessarily altered or interrupted. Conversely, if high threshold
were used to raise an alarm, the possibility of false negatives and therefore of RLN lesions would increase. It is evident that further studies are needed to define more appropriate parameters for better interpretation of a decrease in
response.
Despite the increasing number of centers and surgeons
using this procedure, no standard method has been established; thus, a discussion has recently been opened on the
safety of cIONM.[17, 18]
Considering the well-known advantages of cIONM, adequate training remains the gold standard for performing a
safe procedure with cIONM. No data are yet available on
the cIONM learning curve, on the technique to be used
(configuration and correct use of the cIONM equipment),
or on surgeon’s interpretation.[19]
In conclusion, we can affirm that despite cIONM being an
excellent tool for surgeons in thyroid surgery to prevent
inadequate maneuvers, RLN lesions may occur. Therefore, the surgeons must know that RLN paralysis can occur even with the use of cIONM. cIONM allows to recognize and modify the surgical action in case of non-acute
dilation stress of RLN (such as traction, compression),
whereas in case of rapid and sudden damage (such as
thermal lesions, section), the surgical maneuver cannot
be changed. Being a recently evolving technique, cIONM
is subject to studies that aim to improve its functionality,
implement its interpretation, and minimize technical errors. This method is not only safe but also confers protection to the patient, reducing postoperative complications
and providing useful information for a novel approach to
thyroid surgery.
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