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SUMMARY: IONM and minimally invasive videoassisted thyroidectomy.
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time, i-IONM signal, postoperative pain, postoperative hypocalcemia
after 24 hours, haematoma and vocal cord palsy. The mean hospital
stay was collected from surgical procedure to hospital discharge. We have considered vocal dysfunctions that persist six months after surgery as
permanent.
Results. From September 2014 to September 2017 we treated
consecutively with both MIVAT and i-IONM 100 patients.
Considering the extent of surgery, 26 pts underwent to hemithyroidectomy and 74 pts to total thyroidectomy. The mean surgical time was
61.8 minutes.
In 7 cases the patients were affected by preoperative clinical dysphonia. Using I-IONM during thyroidectomy, we recorded in 5 cases
(5%) a loss of signal; in two cases (2%) we experienced a temporary postoperative vocal cord palsy.
Discussion. In our experience the use of IONM has improved the
safety during thyroidectomy because precision that can be achieved by
endoscopic procedures is further improved by complementary use of
IONM. The costs associated to a potential reduction of medical litigation have not been investigated.
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Background. We know that benefits of MIVAT are related to a
better cosmetic result and lower post-operative pain in comparison to
CT. The incidence of nerve cold palsy is related to a correct identification of the recurrent laringeal nerve (RLN) as standard procedure in
thyroid surgery. From September 2014 we have introduced the use of
intraoperative neural monitoring(I-IONM) in all thyroidectomies in
the Unit of General Surgery of University Hospital of Parma, including in MIVAT.
Patients and methods. We have considered all patients treated
from September 2014 to September 2017 for thyroid diseases using
MIVAT and IONM. Intermittent neuromonitoring with NIM-3.0
equipment (Medtronic, Jacksonville, FL, USA) was used during all
operations. We have recorded all data about age, sex, diagnosis, surgical
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The miniinvasive videoassisted thyroidectomy
(MIVAT) was introduced in Italy from 2000. This
procedure, as others endoscopic Endocrine surgical
procedures, is used in only 15-20% of cases compared to conventional thyroidectomy (CT), (1-4) as
in our experience.
We know that benefits of MIVAT are related to
a better cosmetic result and lower post-operative
pain in comparison to CT. In young age groups, the
prevalence of thyroid disease is significantly higher
in women than in men. Because of the emphasis on
physical attractiveness in the media and modern so-
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ciety, cosmetic outcomes of thyroid surgery are particularly important to women (5).
The minimally invasive nature of the technique
has not compromised its ability to accomplish its
purpose both safely and effectively (6).
Furthermore, miniinvasive procedure has the
same rate of adverse events and no statistical difference in postoperative hematoma, vocal cord palsy
and persistent hypocalcemia bet.
In our experience the transitory hypocalcemia is
lower in MIVAT than CT (7).
The incidence of nerve cold palsy is related to a
correct identification of the recurrent laringeal
nerve (RLN) as standard procedure in thyroid surgery. The causes of iatrogenic lesions are stretching, cutting, squeezing, pressure, ligature, heat
spread. Anatomical variations are a risk factor for
RLN injury as well as reoperation and extent of
surgery (8). The rate of incidence of RLN palsy is
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We have considered all patients treated from
September 2014 to September 2017 for thyroid diseases using MIVAT and IONM. Surgery was performed with standardized technique using an Energy Device, camera of 5 mm 30° and dedicated Stortz
Kit for MIVAT. All cases were treated by a single
endocrine-surgeon, with experience in both miniinvasive and traditional thyroidectomy.
Intermittent neuromonitoring with NIM-3.0
equipment (Medtronic, Jacksonville, FL, USA) was
used during all operations. A monopolar stimulating
probe with a handle was used for nerve stimulation
with a current amplitude of 1 mA to 2 mA. The
electromyographic (EMG) signal was obtained using
surface electrodes integrated in the endotracheal
tube (NIM Flex EMG tube, Medtronic); in female
patients 7 mm tubes were used and in males 7.5-8
mm tubes were used.
The technique of IONM performed was intermittent (I-IONM) with standardized analysis as
proposed by the International Neural Monitoring
Study Group (L1 preoperative laryngoscopy, V1 Vagus test before lobectomy; R1 RLN test before
lobectomy; R2 RLN test post lobectomy; V2 Vagus
test post lobectomy) (11).
Only in patient affected by loss of signal Type 1
or 2, L2 (postoperative laryngoscopy) was performed.
We have recorded all data about age, sex, diagno292
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sis, surgical time, I-IONM signal, postoperative
pain, postoperative hypocalcemia after 24 hours,
haematoma and vocal cord palsy. The mean hospital
stay was collected from surgical procedure to hospital discharge. We have considered vocal dysfunctions that persist six months after surgery as permanent.
All patients signed an informed consent to a possible two-stage thyroidectomy, performed in case of
loss of signal during or after the first lobectomy. In
this case the patient should wait until full nerve recovery and undergoes to a new laryngoscopy before
the second surgical procedure to evaluate the vocal
cord performance.
This work is approved by Institutional Ethics
Committee to collect the data about IONM.
The data were analyzed with t test, chi square
test, Positive predictive value (PPV) and Negative
Predictive Value (NPV).
P<0.05 was considered statistical significant.
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related to surgical experience and to the volume
rate of thyroidectomy/year and the range reported
in literature is approaching 10% for temporary
postoperative vocal cord palsy and 2.3% for permanent RLN injury (9). This rate increase to 12.5%
for transient palsy and 3.8% for permanent injury
in case of reoperation, where even skilled and experienced surgeons can have difficulty mapping the
RLN and preventing inadvertent RLN injuries,
particularly in non-anatomical fields with many
scars from the first operation (10).
From September 2014 we have introduced the
use of intermittent neural monitoring(I-IONM) in
all thyroidectomies in the Unit of General Surgery
of University Hospital of Parma, including in MIVAT.
In this article we present our results about use of
I-IONM in MIVAT.

Results

From September 2014 to September 2017 we
treated consecutively with both MIVAT and iIONM 100 patients.
The patients (pts) were 87 females and 13 males,
with a mean age at time of surgery of 45.9 years old
in the female group and 57.4 years old in the male
group.
The preoperative diagnosis was in 13 pts goiter,
6 pts toxic goiter, 6 pts THYR3, 30 pts THYR 4, 3
pts THYR 5, 39 pts THYR 6 and 3 pts positive RET
(Table 1).
Considering the extent of surgery, 26 pts underwent to hemithyroidectomy and 74 pts to total thyroidectomy. The mean surgical time was 61.8 minutes.
The preoperative mean PTH level (pg/ml) was
53.2 (range 23-132).
The mean preoperative calcemia was 9.28+/-0.31
mg/dL (range 8.8-10) versus mean postoperative
calcemia of 7.95+/-0.69 mg/dl (range 5.8-9.1)
(p<0.0001).
We detected a clinical postoperative transitory
hypocalcemia in 6 pts (6%); no postoperative
hematoma was recorded.
In 7 cases the patients were affected by preoperative clinical dysphonia. Using I-IONM during thyroidectomy, we recorded in 5 cases (5%) a loss of
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TABLE 1 - PATIENTS’ CHARACTERISTICS.

MEAN AGE

PREOPERATIVE DIAGNOSIS

Male

13

Female

87

Male

45.9 years

Female

57.4 years

Goiter

13

Toxic goiter

6
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SEX

Thyr 3

6

Thyr 4

30

Thyr 5

3

Thyr 6

39

MEAN SURGICAL TIME

Total thyroidectomy

74

Hemithyroidectomy

26

61.8 min
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signal; in two cases (2%) we experienced a temporary postoperative vocal cord palsy in 1 pts (1%)
(Table 2).
In cases treated the correct results of standardized
IONM was associated to a NPV of 100% and a PPV
of 40%.

Discussion
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The use of miniinvasive thyroidectomy is increased in the last years and today we recognize the
benefits of these procedures related to equal adverse
events, reduced postoperative pain and better cosmetic results in comparison to traditional surgery.
The smaller surgical trauma allowed by MIVAT accounts for this more positive outcome (6). Even
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TABLE 2 - RATE OF ADVERSE EVENTS.
N°

Clinical transitory hypocalcemia
Postoperative vocal cord palsy

Postoperative hematoma

3
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EXTENT OF SURGERY
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N°

6
transitory

2

permanent

0
0

considering the more recent robotic-assisted transaxillary thyroidectomy (RATT), experienced authors
assessed that RATT seems not to supersede MIVAT
in patient satisfaction when two groups of patients
are compared (12).
The reports on the use of IONM in miniinvasive
thyroidectomy are few; furthermore, in a recent literature review, considering studies published during
2000-2015, Dionigi G. et al. outlined the delayed
acceptance of IONM in endoscopic procedures in
comparison with conventional open thyroidectomy.
They deduced that only 5% studies used monitoring
in endoscopic thyroidectomies; of them, in 75%
IONM was used in all procedures and in 25% only
in selected cases. In 92% they used i-IONM and in
8% c-IONM. Only 31% of studies reported a standardized use of IONM, with V1, R1, R2 and V2
stimulation, according to INMSG guidelines, while
69% reported RLS stimulation only (5).
The first report of IONM in endoscopic surgery
was published in 2007 (13).
We report our experience in MIVAT using
IONM. Even in mininvasive procedures, the use of
IONM is feasible and is an additional help to surgeon to value the correct functional ability of nerve.
During endoscopic procedures we use Harmonic
Scalpel and we perform a thyroid gland retraction
293
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early neural recovery. Strict adherence to IONM
standards, avoiding technical pitfalls, can improve
NPV and PPV.
The use of I-IONM is rising, especially in Europe. More than 90% of German surgical departments use IONM in thyroids procedures (19). In
the United States 53% of general surgeons use
IONM for some or all thyroids operation (23).
Recent systematic reviews pointed towards a benefit of IONM in decreasing RLN palsy rates, but
failed to reach statistical significance for persistent
RLN palsy (24, 25). A recent reanalysis of the Scandinavian Quality Register for Thyroid, Parathyroid
and Adrenal Surgery found that the use of IONM
was not independently associated with a lower risk
of early cord palsy but independently decreased the
risk of permanent vocal cord palsy (26).
Whether neuromonitoring reduces the RLN
paralysis rate during endoscopic procedures remains
unclear because of the low numbers of endoscopic
procedures performed with IONM and because the
number of complications is too small to draw firm
conclusions (5).
The literature agrees that IONM performed
complementary to endoscopic thyroidectomy enhances the quality and safety of the procedures (5,
27). In at least two prospective studies, the efficacy of IONM in endoscopic procedures was
demonstrated by more rapid recovery of voice
function (28).
Effectiveness of IONM is related to a correct
use of standardized technique, as previously reported. In our experience, in MIVAT as in CT, the use
of IONM help the surgeon to reduce the risk of bilateral cord palsy, facilitating RNL identification
and allowing testing of RLN function, and to recognize anatomical laryngeal nerve variants. These
include the variable course of RLN at the level of
inferior thyroid artery, the relationship between
the RLN and posterior tubercle (Zuckerkandl’s tubercle), nonrecurrent laryngeal nerves and extralaryngeal bifurcation (29). In add to this, use of
IONM helps younger surgeon in thyroidectomy
and increase their confidence in endoscopic procedures. Furthermore, IONM enables corrective actions at three stage of surgery: during blunt dissection, during use of energy-based devices and during
gland retraction (5).
The standardization of IONM, the surgical
training and the multidisciplinary collaboration are
essential for a correct use of IONM. The intraoper-
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and elevation in medial direction in order to extract
the lobe from the mini-incision and gain space laterally. This is the most dangerous surgical step of the
miniinvasive procedure because the use of excessive
tension on the lobe, that remains attached with the
latest fibers of Berry ligament to the neural branch,
increases the risk of distraction of NLR compared to
CT, especially in cases of thyroiditis (4, 14). Indeed
the event that can be related to dysphonia are
stretching and squeezing, in addiction to aspiration,
ligature, edema, inflammation, electric shock, thermal injury and section (8). Endoscopic procedures
should be performed without excessive traction on
the thyroid to avoid injury over the nerve by Berry’s
ligament (13, 15, 16).
We know that the gold standard during thyroidectomy is still visual identification of inferior laryngeal nerve but many authors demonstrated that a
rate of patients should be affected by postoperative
dysphonia even with a visually intact nerve identified intraoperatively (17-20). Bergenfelz et al., in a
multicenter study, highlighted that only a few injured nerves can be visually identified intraoperatively, 11.3% for unilateral and 16.7% for bilateral
cases (18). Dralle et al. and Goretzki et al., in two
German publications, recommended the use of
IONM as the most reliable method to identify nerve
injury in an anatomically intact nerve (17, 20).
The bilateral vocal cord palsy is the worse adverse event. The use of IONM and the implementation of strategy of two-stage thyroidectomy in
case of loss of signal during or after the first lobectomy can minimize the risk of bilateral RLN to
nearly 0% (21).
We adopt in all cases a protocol with two-stage
thyroidectomy when after the first lobectomy we
highlight a loss of signal to avoid a bilateral risk of
injury.
The clinical utility of IONM can be expressed in
terms of its negative (NPV) and positive predictive
values (PPV). Owing the rarity of RLN palsy, NPV
and specificity for intermittent IONM are high,
whereas PPV and sensitivity are lower (22). In our
experience, the PPV of IONM is 40% of patients affected by loss of intraoperative signal but patients
have accepted the risk after a correct and informed
indication. The most frequent causes of false positive are as follows: endotracheal tube displacement,
equipment problems both on the stimulation side
and on the recording side, blood covering the stimulated nerve segment, neuromuscular blockage and
294
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plied. The results suggest that IONM is cost-effective when the prevalence of transient nerve injury
encountered is higher than 38%. This scenario is
rare in a clinical setting. Considering permanent injuries, the cost-effectiveness is determined when
these are estimated at about 3% of cohort population simulated. Moreover, the study confirms that
the volume utilization of IONM is an important,
modifiable factor for cost-effectiveness. The above
described cost-effective scenario is cost-effective only in high volume setting with more than 5 IONM
procedures/week (36).
The IONM tecnique can hardly be cost-effective
when only direct costs of RLN injuries are considered. RLN morbidity has its economic weight on patients and on society (37, 38). To be cost-effective,
all indirect costs of RLN injuries, including speech
therapy, repeat laryngeal examinations, VF surgery
and legal claims must be factored into the cost-effectiveness equation (22).
Future trials should also seek to clarify the aspects related to the quality of life of patients with
vocal cord paralysis, that matter the most to the patients, and to characterize the changes in the quality
of life that occur during the follow up. The assessment of modified clinical strategies as the opportunity given by IONM for an intraoperative corrective
action is not measurable either (36). In our experience the use of IONM has improved the feel safety
during thyroidectomy because precision that can be
achieved by endoscopic procedures is further improved by complementary use of IONM. The costs
associated to a potential reduction of medical litigation have not been investigated.
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ative report of functional state in all stages of thyroidectomy is important to prevent nerve injuries
caused by a lack of recognition of the nerve.
Nevertheless, surgeons need to be cognizant of
the methodological limitations of intermittent
IONM in both time and space: limited in time because the period between the stimulation cycles goes
unsupervised, limited in space because RLN function is monitored only between the levels of the
stimulation and recording electrodes, missing proximal RLN lesions (22).
Techniques and technologies applied for thyroid
surgery such as laryngeal examination (30, 31), intraoperative pathological examination (32), energybased devices (33) and robotics (34) are important
drivers for increased operating and hospitalization
costs.
In endoscopic procedures the use of energy devices is higher than CT, increasing the overall cost of
the operation; equipment and consumables for
IONM are expansive and consequently the costs associated to IONM should be an obstacle to routinary use.
Hospitalization and operating room costs for a
thyroidectomy with IONM were between 5-7% and
10-12%, respectively, higher than those for traditional thyroidectomy; these costs were sensitive to
the number of procedure performed (35).
In a recent study, Wang et al. used simulation
economic modelling to asses clinical and cost-effectiveness utility of IONM implementation. The
analysis demonstrated that the importance of
IONM is variable depending on the duration, the
severity and the prevalence of RLN damage, in addition to the clinical setting in which IONM is ap-

References

Miccoli P, Berti P, Raffaelli M, et al. Minimally Videoassisted
thyroidectomy. Am J Surg. 2001;(6):567-70.
Del Rio P, Sommaruga L, Cataldo S, et al. Minimally invasive
videoassisted thyroidectomy: the learning curve. Eur Surg Res.
2008;41(1):33-6.
Del Rio P, Arcuri MF, Pisani P, et al. Minimally invasive video
assisted thyroidectomy (MIVAT): what is the real advantage?
Langenbecks Arch Surg. 2010 Apr;395(4):323-6. doi:
10.1007/s00423-009-0589-2.
Seybt MW, Terris DJ. Minimally invasive thyroid and parathyroid surgery: where are we now and where are we going? Otolaryngol Clin North Am. 2010;43(2):375-380. doi:
10.1016/j.otc.2010.02.005.
Dionigi G, Kim HY, Wu CW, et al. Neuromonitoring in endoscopic and robotic thyroidectomy. Updates Surg.
2017;69:171.
Lombardi CP, Carnassale G, D’Amore A, Milano V, De Crea

C
IC

1.
2.

©

3.

4.

5.
6.

C, Raffaelli M, Bellantone R. Morbidity from minimally invasive video-assisted thyrodectomy: a general review. Gland
Surg. 2017;6(5):488-491.
7. Del Rio P, De Simone B, Viani L, Arcuri MF, Sianesi M. Unintentional parathyroidectomy and postoperative hypocalcaemia. Conventional thyroidectomy versus miniinvasive thyroidectomy. Ann Ital Chir. 2014 Sep-Oct;85(5):470-3.
8. Del Rio P, Nisi P, Benedicenti S, Bertocchi E, Luzietti E,
Sianesi M. Intraoperative neuromonitoring in Thyrodectomy:
the learning curve. Ann Ital Chir. 2016;87:298-305.
9. Jeannon JP, Orabi AA, Bruch GA, Abdalsalam HA, Simo R.
Diagnosis of recurrent laryngeal nerve palsy after thyrodectomy:
a sistematic review. Int J Clin Prat. 2009;63:624-629.
10. Wojtczak B, Sutkowski K, Kaliszewski K, Barczynski M,
Bolanowski M. Thyroid reoperation using intraoperative neuromonitoring. Endocrine. 2017;58:458-466.
11. Randolph GW, Dralle H, Abdullah H, et al. Electrophysiologic
295

Riv. Chirurgia 5/18-3b XP 2018.qxp_. 28/09/18 17:24 Pagina 296

P. Del Rio et al.

16.
17.

18.

19.
20.

21.

22.

C
IC

23.
24.

©

25.

296

28.

29.

30.

on
al
i

27.

na
zi

15.

26.

analysis on intra-operative neuro-monitoring in high-risk thyroidectomy. Int J Surg. 2017;3821-30.
Bergenfelz A, Salem AF, Jacobsson H, et al. Risk of recurrent
laryngeal nerve palsy in patients undergoing thyroidectomy
with and without intraoperative nerve monitoring. Br J Surg.
2016;103:1828-38.
BakkarS, Materazzi G, Biricotti M, De Napoli L, Conte M,
Galleri D, Aghababyan A, Miccoli P. Minimally invasive videoassisted thyrodectomy (MIVAT) from A to Z. Surg Today.
2016;46(2):255-259. doi:10.1007/s00595-015-1241-0.
Xie Q, Wang P, Yan H, Wang Y. Feasibility and effectiveness
of intaoperative nerve monitoring in total endoscopic thyrodectomy for hyroid cancer. J Laparoendosc Adv Surg Tech
A. 2016;26(2):109-115. doi:10-1089/lap.2015.0401.
Wojtczak B, Sutkowski K, Kaliszewski K, Bolanowski M, Barczynski M. A functional assesment of anatomical variants of
the recurrent laryngeal nerve during thyroidectomies using
neuromonitoring. Endocrine. doi: 10.1007/s12020-017-14663.
Rocke DJ, Goldstein DP, de Almeida JR. A cost-utility analysis
of recurrent laryngeal nerve monitoring in the setting of total
thyroidectomy. JAMA Otolaryngol Head Neack Surg.
2016;142(12):1199-1205.
Al-Qurayshi Z, Kandil E, Randolph GW. Cost-effectiveness
of intraoperating nerve monitoring in avoidance of bilateral
recurrent laryngeal nerve injury in patients undergoing total
thyroidectomy. Br J Surg. 2017 Jul 14.
Zanocco H, Heller M, Elaraj D, Sturgeon C. Cost effectiveness
of intraoperative pathology examination during diagnostic
hemithyroidectomy for unilateral follicular thyroid neoplasms.
J Am Coll Surg. 2013;217(4):702-710.
Rahbari R, Mathur A, Kitano M, Guerrero M, Shen WT,
Duh QY, et al. Prospective randomized trial of ligasure versus
harmonic hemostasis technique in thyroidectomy. Ann Surg
Oncol. 2011;18(4):1023-1027.
Cabot JC, Lee CR, Braunaud L, Kleiman DA, Chung WY,
Fahey TJ 3rd, et al. Robotic and endoscopic transaxillary thyroidectomies may be cost prohibitive when compared to standard cervical thyroidectomy: a cost analysis. Surgery. 2012;152
(6):1016-1024.
Dionigi G, Bacuzzi A, Boni L, Rausei S, Mangano A. Visualization versus neuromonitoring of recurrent laryngeal nerves
during thyroidectomy: what about the costs? World J Surg.
2012;36(4):748-754.
Wang T, Kim HY, Wu CW, Rausei S, Sun H, Pergolizzi FP,
Dionigi G. Analyzing cost-effectiveness of neural-monitoring
in recurrent laryngeal nerve recovery course in thyroid surgery.
Int J Surg. 2017;48:180-188.
Ferrari CC, Rausei S, Amico F, Boni L, Chiang Fy, Wu CW,
et al. Recurrent laryngeal nerve injuryin thyroid surgery: clinical
pathways and resources consumption. Head Neck. 2016 june
5.
Loch-Wilkinson TJ, Stalberg PL, Sidhu SB, Sywak MS, Wilkinson JF, Delbridge LW. Nerve stimulation in thyroid surgery:
is it really useful? ANZ J Surg. 2007;77(5):337-380.

io
ni
In
te
r

14.

iz

13.

Ed

12.

recurrent laryngeal nerve monitoring during thyroid and
parathyroid surgery: International standards guideline statement. Laryngoscope. 2011;121(suppl 1):S1-S16.
Miccoli P, Biricotti M, Matteucci V, Ambrosini CE, Wu J,
Materazzi G. Minimally invasive video-assisted thyroidectomy:
reflections after more than 2400 cases performed. Surg Endosc.
2016;30:2489-2495.
Lifante JC, McGill J, Murry T, Aviv JE, Inabnet WB 3rd. A
prospective, randomized trial of nerve monitoring of the external
branch of the superior laryngeal nerve during thyroidectomy
under local/regional anesthesia and IV sedation. Surgery.
2009;146(6):1167-1173.
Bellotti C, Capponi MG, Cinquepalmi M, Castagnola G,
Marchetta S, Mallozzi F, Pezzatini M, Brescia A. MIVAT: the
last 2 years experience, tips and techniques after more than 10
years. Surg Endosc. 2017 Nov 3. doi: 10.1007/s00464-0175929-7.
Dionigi G, Alesina PF, Barczynski M, Boni L, Chiang FY,
Kim HY, Materazzi G, Randolph GW, Terris DJ, Wu CW.
Recurrent laryngeal nerve injury in video-assisted thyroidectomy: lessons learned from neuromonitoring. Surg Endosc.
2012;26(9):2601-2608.
Dionigi G, Rovera F, Boni L, Dionigi R. Videoassisted thyroidectomy performed in a one-day-surgery setting. Int J Surg.
2008;6(Suppl 1):S1-S3. doi: 10.1016/j.ijsu.2008.12.022.
Dralle H, Sekulla C, Haerting J, et al. Risk factors of paralysis
and functional outcome after recurrent laryngeal nerve monitoring in thyroid surgery. Surgery. 2004;136:1310-22. doi:
10.1016/j.surg.2004.07.018.
Bergenfelz A, Jansson S, Kristoffersson A, et al. Complications
to thyroid surgery: results as reported in a database from a multicenter audit comprising 3,660 patients. Langenbecks Arch
Surg. 2008;393:667-73. doi: 10.1007/s00423-008-0366-7.
Dralle H, Sekulla C, Lorenz K, et al. Loss of the nerve monitoring signal during bilateral thyroid surgery. Br J Surg.
2012;99:1089-95. doi: 10.1002/bjs.8831.
Goretzki PE, Schwarz K, Brinkmann J, et al. The impact of
intraoperative neuromonitoring (IONM) on surgical strategy
in bilateral thyroid diseases: is it worth the effort? World J
Surg. 2010;34:1274-84. doi: 10.1007/s00268-009-0353-3.
Christoforides C, Papandrikos I, Polyzois G, Roukounakis N,
Dionigi G, Vamvakidis K. Two-stage thyroidectomy in the
era of intraoperative neuromonitoring. Gland Surg. 2017
Oct;6(5):453-463. doi: 10.21037/gs.2017.07.15.
Schneider R, Machens A, Randolph GW, Kamani D, Lorenz
K, Dralle H. Opportunities and challanges of intermittent and
continuous intraoperative neural monitoring in thyroid surgery.
Gland Surg. 2017;6(5):537-545.
Sturgeon C, Sturgeon T, Angelos P. Neuromonitoring in thyroid surgery: attitude, usage patterns, and predictors of use
among endocrine surgeons. World J Surg. 2009;33:417-25.
Yang S, Zhou L, Lu Z, et al. Systematic review with metaanalysis of intraoperative neuromonitoring during thyroidectomy. Int J Surg. 2017;39:104-13.
Wong KP, Mak KL, Wong CK. Systematic review with meta-

31.

32.

33.

34.

35.

36.

37.

38.

