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Abstract
Purpose Intraoperative neuromonitoring (IONM) of the re-
current laryngeal nerve (RLN) is often used in thyroid surgery.
However, this procedure is complex and requires a learning
period to master the technique. The aim of the study was to
evaluate the learning curve for IONM.
Methods A 3-year period (2012–2014) of working with
IONM (NIM3.0, Medtronic) was prospectively analyzed with
a special emphasis on comparing the initial implementation
phase in 2012 (101 patients, 190 RLNs at risk) with subse-
quent years of IONM use in 2013 (70 patients, 124 RLNs at
risk) and 2014 (65 patients, 120 RLNs at risk).
Results The rate of successful IONM-assisted RLN identifi-
cation increased gradually over the 3-year study period
(92.11 % in 2012 vs. 95.16 % in 2013 vs. 99.16 % in 2014;
p=0.022), with a corresponding decrease in the rate of tech-
nical problems (12.87, 4.3, and 4.6 %, respectively;
p=0.039). The rate of RLN injuries tended to decrease over
time: 3.68, 1.55, and 0.83 %, respectively (p = 0.220).
Between 2012 and 2014, increases in the sensitivity (71.4
vs. 100 %), specificity (98 vs. 99 %), positive predictive value
(62.5 vs. 75 %), negative predictive value (98 vs. 100 %), and
overall accuracy of IONM (97.4 vs. 99.6 %) were observed

(p=0.049). Increasing experience with IONM resulted in
more frequent utilization of total thyroidectomy (92 % in
2012 vs. 100 % in 2013–2014; p=0.004).
Conclusions There was a sharp decrease in the number of
technical problems involving equipment setup from
2012 to 2014.
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Introduction

Identification of the recurrent laryngeal nerve (RLN) during
thyroid surgery minimizes the risk of nerve injury and is con-
s idered the gold s tandard [1–6] . In t raopera t ive
neuromonitoring (IONM), a complement to visualization of
the RLN, was introduced in 1966 by Shedd [1, 7]. It not only
facilitates nerve identification but also permits intraoperative
evaluation and prediction of RLN function [1, 7]. IONM is
currently a standardized technology, and its everyday use is
increasingly widespread [1]. Introducing this technique re-
quires previous experience in thyroid surgery, as well as the-
oretical preparation, preferably at a center with extensive ex-
perience working with IONM technology. It has been found
that 95 % of surgeons who have had training in IONM admit-
ted that before undergoing an introductory course in this tech-
nique, their understanding of and work with IONM was not
adequate [8]. While a course in neuromonitoring alone pro-
vides a good basis for introducing the technique for thyroid
surgery, only independent experience of a number of thyroid
procedures using IONM can enable surgeons to use it to its
full advantage in order to minimize the RLN injury rate
[8–11]. The aim of this study was to evaluate the learning
curve for IONM of the RLN at an academic center.
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Material and methods

A total of 236 patients who underwent thyroid surgery with
IONM at the Department of General, Gastroenterological, and
Endocrine Surgery at Wroclaw Medical University in
Wroclaw, Poland, between January 2012 and December
2014, were enrolled in the study. The aim of the study was
to evaluate the learning curve for IONM, so a 3-year period
working with IONM was prospectively analyzed with a par-
ticular emphasis on comparing the initial implementation
phase in 2012 (101 patients, 190 RLNs at risk) with subse-
quent years of IONM use: 2013 (70 patients, 124 RLNs at
risk) and 2014 (65 patients, 120 RLNs at risk). The outcomes
of this study were the rate of successful RLN identification,
the rate of equipment setup problems, the rate of RLN injury,
and the duration of surgery with IONM. In addition, intraop-
erative loss of signal; the positive and negative predictive
value of IONM; and its sensitivity, specificity, and accuracy
were also assessed. The study was approved by the Bioethics
Committee of Wroclaw Medical University.

The patients’ demographic and intraoperative data is pre-
sented in Table 1. All the patients included in the study were
screened preoperatively by an endocrinologist; the only
criteria for exemption from the study were abnormal thyroid
hormone levels before surgery and vocal cord paralysis found
in the preoperative laryngological examination. In order to
confirm the participants’ euthyroid status, in addition to the
standard preoperative tests, each patient’s TSH and FT4 were
determined immediately before surgery. The study

participants included patients with benign goiter as well as
those with thyroid cancer, and the surgery performed included
both primary thyroid procedures and reoperations.

All the thyroid procedures were performed by a team of
three surgeons (average age 41), who annually perform 50–
100 thyroid operations. Before the initial implementation of
IONM in thyroid surgery, both the surgical team and the an-
esthesiology team underwent introductory training in the tech-
nique at the Department of Endocrine Surgery at Jagiellonian
University Medical College in Krakow, Poland. For the team
of surgeons, it was the first experience working with IONM.
RLN monitoring was carried out in accordance with the rec-
ommendations of the International Nerve Monitoring Study
Group [1], using NIM-3.0 equipment (Medtronic,
Jacksonville, USA). A handheld monopolar stimulating probe
was used for nerve stimulation with a current amplitude of
1 mA (range 0.5–1.5 mA) and 3-Hz impulses of 200 ms each
for 1–2 s. The electromyographic (EMG) signal was obtained
using surface electrodes integrated in the endotracheal tube
(NIM Flex EMG tube, Medtronic). In female patients, 7-mm
endotracheal tubes were used; in males, 7.5- or 8-mm tubes
were used. The endotracheal tube was placed about 20–22 cm
from the incisors, with particular emphasis on the precise po-
sitioning of the electrodes between the vocal folds.

Every patient underwent a laryngological examination to
assess vocal cord mobility (L1). Before dissection,
neuromonitoring was initiated by vagal stimulation (V1) on
the operated side of the thyroid. Before removing the thyroid
lobe, the RLN was identified or mapping techniques were

Table 1 Demographic and intraoperative characteristics of the 236 patients included in the study

IONM implementation phase (2012) IONM—the subsequent phase (2013–2014) p value

Patients, no. 101 135 –

RLNs at risk, no. 190 244 –

Sex ratio (F/M) 4.9 4.4 0.864a

Mean age ± SD, years 54.99 ± 13.08 53.24 ± 13.55 0.319b

Primary procedures, no. (%) 92 (91.09) 107 (79.26) 0.018a

Secondary procedures, no. (%) 9 (8.91) 28 (20.74)

Nodular goiter, no. (%) 74 (73.27) 92 (68.15) 0.472a

Toxic nodular goiter, no. (%) 10 (9.9) 16 (11.85) 0.680a

Grave’s disease, no. (%) 4 (3.96) 5 (3.7) 0.986a

Thyroid carcinoma, no. (%) 13 (12.87 %) 22 (16.3 %) 0.579a

Volume of the goiter ± SD, ml 45.56± 39.87 37.94 ± 30.04 0.177c

Retrosternal goiter, no. (%) 25 (24.75) 27 (20.00) 0.526a

Compression or narrowing of tracheae, no. (%) 59 (58.42) 70 (51.85) 0.356a

p Value <0.05 was considered statistically significant

RLN recurrent laryngeal nerve, ns non significant
a Fisher’s test
b t test
cMann-Whitney test
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used to find it (R1). Then, after the removal of the thyroid
lobe, RLN conduction (R2) and the whole path of reflex,
including vagal nerve conduction, was confirmed (V2).

Postoperative laryngoscopy was routinely used to diagnose
and follow up RLN injury. On the first postoperative day, an
ENT specialist performed a functional assessment of the lar-
ynx by indirect laryngoscopy. Patients with postoperative dys-
func t ion of the voca l cords were eva lua ted by
videolaryngoscopy up to 6 months postoperatively to assess
the mobility of their vocal cords. Cases in which the function
of the vocal cords was recovered within 6 months were con-
sidered transient paresis, while a lack of vocal cord mobility
6 months after the operation was considered permanent palsy.

Both the number of RLNs identified and the number of
nerve injuries were assessed in relation to the number of
RLNs at risk of injury. An evaluation of IONM was carried
out using the definitions presented by Chang and Lo [12].
Technical problems were assessed in relation to the number
of thyroid procedures performed with the use of
neuromonitoring.

A statistical analysis was carried out to evaluate the learn-
ing curve for IONM, using Prism 5.0 statistical software
(GraphPad, La Jol la , USA) to analyze the data .
Relationships among the clinicopathological parameters were
analyzed by Fisher’s exact test and the χ2 test. To compare
parametric data, the unpaired Student’s t test was used, while
the Mann-WhitneyU test was used to compare groups of data
which did not meet the assumptions of the parametric test. To
compare more than two groups, the Kruskal-Wallis test was
applied, with a post hoc analysis using Dunn’s multiple com-
parison test. To assess the diagnostic accuracy of IONM, re-
ceived operating characteristic (ROC) curves were analyzed.
In all the analyses, results were considered statistically signif-
icant when p<0.05.

Results

In 2012, out of 190 RLNs at risk, 175 (92.11 %) were identi-
fied with IONM. In subsequent years, an increase in RLN
identification with IONM was observed: In 2013, out of 124
RLNs at risk, 118 (95.16 %) were identified, and in 2014, out
of 120 RLNs at risk, 119 (99.16 %) were identified. The in-
creases in RLN identification between successive years—
2012–2013 and 2013–2014—were not at the level of statisti-
cal significance (p>0.05) according to Fisher’s exact test, but
considering the entire 3-year period working with IONM, the
increase was at the level of statistical significance (p=0.022)
according to the chi-square test.

There was a sharp decrease in the number of technical
problems involving equipment setup from 2012 to 2014
(p= 0.039) and between the initial implementation phase
(2012) and the subsequent phase (2013–2014) (p=0.019).

The biggest decline was observed after the first 100 thyroid
operations in 2012 (12.87 %); subsequently, the frequency of
technical problems remained at more or less the same level:
4.3 % in 2013 and 4.6 % in 2014. During the 3-year period
working with IONM (236 operations), problems related to the
surface electrodes on the intubation tube (7.2 %) were more
frequent than problems involving the grounding electrodes
(0.85 %). The most common recording-side problems were
malpositioning of the endotracheal tube (5.08 %), the tube
being inserted too deep (1.27 %), and the tube size not fitting
the patient adequately (0.84 %.). Slippage of the grounding
electrode (0.85 %) was observed only during the first year of
IONM use. Details of the technical problems with IONM in
the initial implementation phase (2012) vs. the subsequent
phase (2013–2014) are shown in Table 2. The largest decrease
in technical problems between 2012 and 2013–2014 was re-
lated to endotracheal tube rotation: 7.92 vs. 2.96 %.

Interpretations of intraoperative loss of signal are detailed
in Table 3, along with the sensitivity, specificity, and accuracy
of the method and its positive and negative predictive values.
In the initial phase of IONM use, we observed signal loss in
eight patients. In three cases, there was a false positive sig-
nal—a negative signal—but after the operation, there was no
vocal cord palsy (L2). Among five patients with true positive
signals, segmental loss of signal (LOS type 1) occurred in two
procedures and global loss of signal (LOS type 2) occurred in
three operations. In the cases of LOS type 1, the nerve was
inadvertently cut in one case and crushed in the other case.
Excessive traction was the main cause of LOS type 2. In the
later phase of IONM use (2013–2014), there were four in-
stances of LOS; three of these were true loss of signal, caused
by traction. There was a decrease in the total rate of RLN
paralysis in the early postoperative period; a descending trend
was also observed in both transient and permanent nerve in-
jury, although the decrease was not at the level of statistical
significance (p>0.05). Detailed data are shown in Table 4.

Increasing experience with IONM resulted in more fre-
quent utilization of total thyroidectomy. Radical procedures
(lobectomy, thyroidectomy, and near-total resection) com-
prised 92 % of thyroid operations in 2012; in 2013 and
2014, radical procedures constituted 100 % of all thyroid op-
erations employing IONM. The increase in radical procedures
and drop in subtotal surgeries from 2012 to 2014 was statisti-
cally significant according to the chi-square test (p=0.004).

The average duration of thyroid operations with IONM in
2012 was 105 min (±31.44); in 2013, it was 118min (±26.28);
and in 2014, it was 115 min (±34.49). The Kruskal-Wallis test
showed a significant difference in the distribution of the op-
eration duration for the entire 2012–2014 period (p=0.005),
for 2012–2013 (p<0.05), and when comparing 2012 with
2014 (p<0.05). There was no difference in distribution be-
tween 2013 and 2014 (p>0.05). To verify the differences
between pairs of years, a test of multiple comparisons was
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used. Spearman’s correlation test found a statistically signifi-
cant correlation (p=0.004) between the patients’ weight and
the duration of the operation: Higher BMIs increased the op-
erating time, resulting in an increase of about 90–120 min for
the whole range of variation.

Discussion

The introduction of neuromonitoring to thyroid surgery made
it possible not only to easily identify the RLN but also to
understand the physiology and mechanisms of RLN injury
[1, 6, 13–16]. Since neuromonitoring of the RLN and the
external branch of the superior laryngeal nerve was standard-
ized, the use of this technique has become increasingly wide-
spread [1, 17]. In 2011, the first conference of the Polish
Research Group for Neuromonitoring of the Polish Club of

Endocrine Surgeons was held and the need to use IONM in at
least some selected thyroid operations was agreed upon [18].
Since then, there has been a slow but steady growth of interest
in this technique in Poland, and the number of centers
performing operations with IONM continues to grow [11].

However, the introduction of IONM to thyroid surgery
requires previous experience in thyroid surgery, as well as
training, both theoretical and practical, in neuromonitoring
[8, 9, 11, 19]. It also requires independent experience of a
number of thyroid operations with IONM to improve one’s
surgical technique and to reduce the number of postoperative
complications [20, 21]. Pragacz et al. also reported how im-
portant this kind of training was before deploying IONM in
everyday clinical practice [11, 19].

Despite solid preparation for the introduction of
neuromonitoring in thyroid surgery, the authors did not entire-
ly avoid problems during the initial stage of IONM use. These

Table 2 Thyroid operations with IONM—equipment setup problems

Technical problems Implementation phase: 2012 Subsequent phase: 2013–2014
n= 101 operations n = 135 operations

Problems involving surface electrodes on the intubation tube 11 (10.89 %) 6 (4.44 %)

Endotracheal tube rotation 8 (7.92 %) 4 (2.96 %)

Inadequate endotracheal tube 1 (0.99 %) 1 (0.74 %)

Endotracheal tube inserted too deep 2 (1.98 %) 1 (0.74 %)

Problems involving grounding electrodes 2 (1.98 %) 0 (0)

Slippage of the ground electrode 2 (1.98 %) 0 (0)

Total 13 (12.87 %) 6 (4.44 %)

Chi-square test p= 0.019

p Value <0.05 was considered statistically significant

ns non significant

Table 3 Intraoperative loss of signal and its predictive value

IONM prognostic value V2 signal/L2 mobility of
ipsilateral vocal fold

IONM implementation
phase: 2012

Subsequent IONM
phase: 2013–2014

p value
(chi-square test)

RLNs at risk
n= 190

RLNs at risk
n= 244

TN V2(+) L2(+) 180 240 –

FN V2(+) L2(−) 2 0 –

TP V2(−) L2(−) 5 3 –

FP V2(−) L2(+) 3 1 –

Sensitivity 71.4 % 100 % p= 0.301

Specificity 98.3 % 99.6 % p= 0.196

Positive predictive value 62.5 % 75 % p= 0.665

Negative predictive value 98.9 % 100 % p= 0.103

Accuracy 97.4 % 99.6 % p= 0.049

p Value <0.05 was considered statistically significant

IONM intraoperative neuromonitoring, RLN recurrent laryngeal nerve, TN true negative results, FN false negative results, FP false positive results, TP
true positive results, V2(+) vagal nerve signal preserved, V2(−) vagal nerve loss of signal, L2(+) normal mobility of ipsilateral vocal fold, L2(−) lack of
mobility of ipsilateral fold
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were primarily technical problems, which arose not from any-
thing difficult about the use of the equipment but from a lack
of experience with it. In the first year working with IONM
(2012), problems occurred in 12.87 % of the thyroid opera-
tions, but in the next year (2013) there was already a sharp
drop to 4.3 %, which was maintained at nearly the same level
(4.6 %) in 2014 (p=0.0219). The most common technical
problem throughout the study period was rotation of the elec-
trodes on the endotracheal tube in relation to the vocal cords.
Especially during the initial phase of IONM use, many of the
technical problems require knowledge of the algorithms for
monitoring tube placement during intubation and problem
solving in instances of signal loss. The International Nerve
Monitoring Study Group recommendations for tube place-
ment and for troubleshooting were adhered to [1]. To avoid
inadequate endotracheal positioning, patients were intubated
with the largest endotracheal tube possible to optimize elec-
trode contact with the vocal cords—in women this was usu-
ally size 7.0, and in men size 7.5. After intubation and patient
positioning, but before the start of surgery, preoperative tube
position verification testing was carried out. We usually used
the Btap test,^ and in most patients this test was accurate.
Whenever there were any problems or doubts, a repeat laryn-
goscopy was done. At the beginning of each operation,
predissection vagal stimulation was the most important test
to confirm overall system function. Moreover, knowledge of
the standards for interpreting intraoperative loss of signal is
essential when using IONM. In cases where EMG activity
was not present or the amplitude was below 100 uV, the la-
ryngeal twitch was assessed. If the laryngeal twitch was pres-
ent, we suspected a malfunction on the recording side; usually,
it was due to malpositioning of the endotracheal tube elec-
trodes. Malpositioning usually involves tube rotation but
may also entail inadequate tube depth. In all cases of
malpositioning, a maneuver correcting the endotracheal tube
placement was done by the surgeon or anesthesiologist. In two
operations, we observed that the grounding electrode had
slipped out of place due to perspiration. To prevent this prob-
lem, we always affixed this electrode very carefully at the
beginning of surgery. We used contralateral vagal assessment
in instances of signal loss, especially in bilateral surgery. If the
contralateral EMG signal from the vagus nerve was absent, we

checked for rotation of the tube. If the laryngeal twitch was
absent or if we had the contralateral EMG signal, we
suspected true loss of signal. We did not observe any intraop-
erative RLN stimulation errors.

A similar proportion of technical problems (10 %) was
described by Dionigi et al. in those authors’ first 152 opera-
tions using IONM, showing a lower rate of problems as the
number of procedures performed rose. They reported that the
rates of problem-free use of IONM were 80 % in the first 50
operations, 92 % in the next 50, and 98 % in the last 50
(p<0.05) [9]. Pragacz et al. reported an even higher rate of
technical problems—24%—in the initial period of IONM use
(50 thyroid procedures); however, in the next 50 operations,
the rate dropped to 8 % (p=0.029) [11]. The results of the
current study and those reported by other authors indicate that
in order tomaster the basic techniques of neuromonitoring and
minimize technical problems, 50 to 100 thyroid procedures
with IONM have to be performed [9, 11].

Numerous publications about neuromonitoring in thyroid
surgery show a high rate of RLN identification with IONM [1,
6, 13, 22–24]. At our center, effective RLN identification with
IONM in the first year was quite high: 92.11 %. In the initial
phase of IONM use, the main problems causing difficulty in
nerve visualization were inexperience in mapping on the one
hand and technical problems on the other. In the later years of
the study period, along with the decrease in technical prob-
lems, there was an increase in nerve identification, by 3 % in
2013 and by another 4 % in 2014. After 3 years of working
with IONM (more than 200 thyroid operations), this increase
was at the level of statistical significance (p=0.022). None of
the patients presented postoperative palsy. Even when there
was difficulty finding the nerve (R1), we always checked the
vagus nerve (V2) after a lobe resection. A positive signal from
the vagus nerve was particularly useful before resecting the
second lobe of the thyroid in bilateral thyroid operations.
Pragacz et al. noted a statistically significant increase in nerve
identification (p=0.006) after only 50 monitored thyroid op-
erations and that 84 % rate increased to 99 % after the next 50
procedures [11, 19].

The question therefore arises whether we are able to signif-
icantly reduce the frequency of RLN paralysis as we learn the
method of IONM. In the current study, within 3 years, there

Table 4 Prevalence of
postoperative RLN injury IONM 2012

(n= 101 operations)

IONM 2013–2014

(n= 135 operations)

p value

(Fisher’s exact test)

RLN at risk (%) 190 (100) 244 (100) –

Overall RLN paresis, no. (%) 7 (3.68) 3 (1.22 %) p= 0.1124 (ns)

Transient RLN paresis, no. (%) 5 (2.63) 3 (1.22 %) p= 0.3059 (ns)

Permanent RLN paresis, no. (%) 2 (1.05) 0 (0.00) p= 0.1911 (ns)

p Value <0.05 was considered statistically significant

IONM intraoperative neuromonitoring, RLN recurrent laryngeal nerve, ns non significant
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was a decline in transient paralysis from 2.63 % of the RLNs
exposed to the risk of damage in 2012 to 0.83 % in 2014; this
decrease, however, was not at the level of statistical signifi-
cance (p=0.275). Permanent paralysis occurred only in two
cases (0.83 % of the RLNs exposed to the risk of damage)
during the first 101 thyroid operations performed during the
initial stage of IONM implementation; it did not occur at all
during the remaining study period (p=0.505). There was no
bilateral paralysis after procedures with neuromonitoring
throughout the observation period. Jonas et al. reported virtu-
ally identical results in terms of the RLN injury rate during the
IONM learning period. In those authors’ observations, tran-
sient paralysis occurred in 2.3 % and permanent paralysis in
0.8 % of the RLNs at risk; as in the present study, those figures
concerned only the first of 3 years working with IONM [10].
A similar proportion of transient paralysis (2.6 %) and lack of
permanent injury was reported by Dionigi et al. in the first 152
thyroid surgeries using IONM [9]. On the other hand, Pragacz
et al. reported a statistically significant decrease in transient
RLN paralysis between the initial learning period and the
team’s later operations with IONM. In those authors’ study,
in the introductory period transient paralysis occurred in 6.5 %
of the RLNs at risk; this was drastically reduced to 1 % in the
next 50 thyroid operations [11, 19]. While it is fairly easy to
learn the techniques of IONM and RLN identification, it takes
a long period of observation or a very large number of thyroid
procedures to observe a statistically significant drop in the
RLN paralysis rate, hence the tremendous value ofmulticenter
studies [25, 26].

A study by Dralle et al. discussing the direction of changes
in thyroid surgery is worth mentioning here. The authors not-
ed that, over the years, there have been changes in resectional
strategy, with an increase in the number of total thyroidecto-
mies and a decrease in subtotal resection, but the rates for
postoperative hypoparathyroidism and vocal cord palsy have
decreased [26]. Despite the relatively small number of thyroid
procedures performed at our center, we also observed a statis-
tically significant increase in the ratio of radical thyroid pro-
cedures (p=0.004). There was a slight decrease in the rate of
postoperative palsy, but it was not statistically significant.
These results at a single small department are similar to those
observed by Dralle et al. in their multicenter study. There are
many different factors influencing thyroid operation strategy,
but we must emphasize that at our center these results were
achieved after the introduction of IONM.

Regarding the value of IONM in decreasing the number of
cases of postoperative RLN paralysis, a study by Alesina et al.
is worth quoting. They compared thyroidectomies performed
by inexperienced surgeons under the supervision of a consul-
tant surgeon without IONM with thyroidectomies performed
without experienced oversight but with the use of IONM. The
study revealed that the total number of injuries in the two
groups was similar—2.6 and 2.7 %, respectively. This proved

how good IONM is, offering a high degree of safety during
thyroid surgery even in the hands of surgeons with little prior
experience [27].

An objective assessment of the value of IONM is an anal-
ysis of its sensitivity, specificity, positive and negative predic-
tive value, and accuracy. In the present study, the sensitivity of
IONMwas 71.4 % in 2012; this increased to 100 % (p>0.05)
after the first 101 thyroid procedures. The positive predictive
value (PPV) was 62.5 % in 2012 and 75 % in the 2013–2014
period (p<0.05). Despite the statistically significant reduction
in the number of technical problems (p= 0.0185), the in-
creases in sensitivity and PPVwere not statistically significant
(p=0.05). These PPV values did not give us grounds to per-
form Bstage thyroidectomies^ in either period working with
IONM. Pragacz et al. reported an even lower PPV in the first
period of IONMuse: 55.6% after the first 50 thyroid surgeries
performed [11, 19]. In the literature, positive predictive value
ranges from 9.2 to 92.1%; it was only with the standardization
of neuromonitoring that we find PPV above 50 % at most
centers during the introductory phase of IONM use and in-
creasing with experience [1, 28].

In contrast, in most reports, negative predictive value
(NPV) is quite high from the beginning of IONM use, ranging
from 92 to 100% [1, 8]. In the present study, NPV in the initial
period was 98%, rising to 100% in the second stage of IONM
use. However, this increase was not statistically significant
(p=0.05). The increase in accuracy was the only one that
was statistically significant after the first 101 thyroid proce-
dures with IONM, increasing from 97.4 % in 2012 to 99.6 %
in the later phase of the study period (p=0.049).

In the context of learning curves, the duration of thyroid
surgery is often given, with the expectation that as the surgical
team gains experience with IONM the duration of the proce-
dures will decrease. Such a dependencywas reported byDionigi
et al. and Pragacz et al. [9, 11]. The present study did not confirm
a correlation between the duration of surgery and the length of
time working with IONM. Rather, the operating time was dif-
ferent each year we worked with IONM: It was 105 min in
2012, 115 min in 2013, and 110 min in 2014 (p<0.05). Every
thyroid operation is different, and the procedure duration is de-
termined by the preoperative diagnosis, the type of operation
performed (primary or reoperation), and the experience and in-
dividual skills of the surgeon. Interestingly, in our analysis it
emerged that the only factor that significantly influenced the
time of monitored thyroid surgery was the patients’ bodyweight
(p=0.004). As the BMI increased, so did the duration of sur-
gery, which can be explained bymore difficult access to both the
vagus nerve and the RLN in overweight patients.

IONM seems to be an easy technique to introduce into
everyday use in clinical practice, but full exploitation of this
method—among other things, the decision to undertake
Bstage thyroidectomy^—requires good preparation before im-
plementation, followed by the execution of at least 50–100
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thyroid procedures with IONM. Duclos et al. discussed the
individuality of the learning curve, specifying how very dif-
ferent it was among three surgeons performing monitored thy-
roid surgery for the first time [20].

Finally, it must be emphasized that the surgeons’ rapid
learning process with IONM would not have been possible
without good cooperation with the anesthesiology team,
which has also been noted by other authors [1, 8, 9].

Conclusions

There was a sharp decrease in the number of technical prob-
lems involving equipment setup from 2012 to 2014.

Compliance with ethical standards

Funding This study was funded by the Wroclaw Medical University
(grant number Pbmn14).

Conflict of interest Author Beata Wojtczak declares that she has no
conflict of interest. Author Krzysztof Kaliszewski declares that he has no
conflict of interest. Author Krzysztof Sutkowski declares that he has no
conflict of interest. Author Mateusz Głód declares that he has no conflict
of interest. Author Marcin Barczyński declares that he has no conflict of
interest.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Randolph GW, Dralle H, International Nerve Monitoring Study
Group (2006) Electrophysiologic recurrent laryngeal nerve moni-
toring during thyroid and parathyroid surgery: international stan-
dards guideline statement. Laryngoscope 121(suppl 1):S1–16. doi:
10.1002/lary.21119

2. Randolph GW, Kamani D (2014) Intraoperative neural monitoring
in thyroid cancer surgery. Langenbacks Arch Surg 399:199–207.
doi:10.1007/s00423-013-1141-y

3. Melin M, Schwarz K, Lammers BJ, Goretzki PE (2013) IONM-
guided goiter surgery leading to two-stage thyroidectomy-indica-
tion and results. Langenbacks Arch Surg 393:411–418. doi:10.
1007/s00423-012-1032-7

4. Jatzko GR, Lisborg PH, Muller MG, Vette VM (1994) Recurrent
nerve palsy after thyroid operations-principal nerve identification
and a literature review. Surgery 115:139–144

5. Hermann M, Alk G, Roka R, Glaser K, Freissmuth M (2002)
Laryngeal recurrent nerve injury in surgery for benign thyroid dis-
eases: effect of nerve dissection and impact of individual surgeon
on more than 27,000 nerves at risk. Ann Surg 235:261–268

6. Dralle H, Sekulla C, Lorenz K, BrauckhoffM,Machens A, German
IONM Study Group (2008) Intraoperative monitoring of the recur-
rent laryngeal nerve and thyroid surgery. World J Surg 32:1358–
1366. doi:10.1007/s00268-008-9483-2

7. Shedd DP, Burget GC (1966) Identyfication of the recurrent laryn-
geal nerve. Arch Surg 92:861–864. doi:10.1001/archsurg.1966.
01320240049010

8. Dionigi G, Bacuzzi A, Barczyński M, Biondi A, Chiang FY, Dralle
H, Randolph GW, Rausei S, Sacco R, Sitges-Serra A (2011)
Implementation of systematic neuromonitoring training for thyroid
surgery. Updates Surg 63:201–207. doi:10.1007/s13304-011-0098

9. Dionigi G, Bacuzzi A, Boni L, Rovera F, Dionigi R (2008) What is
the learning curve for intraoperative neuromonitoring in thy-
roid surgery? Int J Surg 6(Suppl 1):7–12. doi:10.1016/j.ijsu.
2008.12.023

10. Jonas J, Bahr R (2006) Intraoperative neuromonitoring of the re-
current laryngeal nerve—results and learning curve. Zentralbl Chir
131:443–448. doi:10.1055/s-2006-955453

11. Pragacz K, Barczynski M (2015) Evaluation of the learning curve
for intraoperative neural monitoring of the recurrent laryngeal
nerves in thyroid surgery. Pol Przegl Chir 12:584–593. doi:10.
1515/pjs-2015-0005

12. ChanWF, Lo CY (2006) Pitfalls of intraoperative neuromonitoring
for predicting postoperative recurrent laryngeal nerve function dur-
ing thyroidectomy. World J Surg 30:806–812

13. Timmerman W, Hammelamnn W (2004) Thyroid surgery:
neuromonitoring of the RLN during thyroid surgery. Dtsch
Arztebl 101:7

14. Snyder S, Hendricks J (2005) Intaoperative neurophysioloy testing
of the RLN: plauds and pitfals. Surgery 138:1183–1192. doi:10.
1016/j.surg.2005.08.027

15. Chan WF, Lang BH, Lo CY (2006) The role of intraoperative
neuromonitoring of recurrent laryngeal nerve during thyroidecto-
my: a comparative study on 100 nerves at risk. Surgery 140:866–
873. doi:10.1016/j.surg.2006.07.017

16. Lorenz K, Abuazab M, Sekulla C, Schneider R, Nguyen Thanh P,
Dralle H (2014) Results of intraoperative neuromonitoring in thy-
roid surgery and preoperative vocal cord paralysis.World J Surg 38:
582–91. doi:10.1007/s00268-013-2402-1

17. Barczynski M, Randolph GW, Carnea CR, Dralle H, Dionigi G,
Alesina PF et al (2013) External branch of the superior laryngeal
nerve monitoring during thyroid and parathyroid surgery:
International Neural Monitoring Study Group standards guideline
statement. Laryngoscope 123(Suppl 4):S1–14. doi:10.1002/
lary.24301

18. Kielar M (2011) Neuromonitoring nerwów krtaniowych. Służba
Zdrowia 68:70–72

19. Pragacz K, Barczyński M (2014) Evaluation of implementation
phase of intraoperative neural monitoring of the recurrent laryngeal
nerves in thyroid surgery in a district hospital. Przegl Lek
71:532–536

20. Duclos A, Lifante JC, Ducarroz S, Soardo P, Colin C, Peix JL
(2011) Influence of intraoperative neuromonitoring on surgeons’
technique during thyroidectomy. World J Surg 35:773–778. doi:
10.1007/s00268-011-0963-4

21. Dionigi G, Bacuzzi A, Boni L, Rovera F, Rausei S, Frattini F,
Dionigi R (2010) The technique of intraoperative neuromonitoring
in thyroid surgery. Surg Technol Int 19:25–37. doi:10.1007/
s13304-011-0098-z

Langenbecks Arch Surg (2017) 402:701–708 707

http://dx.doi.org/10.1002/lary.21119
http://dx.doi.org/10.1007/s00423-013-1141-y
http://dx.doi.org/10.1007/s00423-012-1032-7
http://dx.doi.org/10.1007/s00423-012-1032-7
http://dx.doi.org/10.1007/s00268-008-9483-2
http://dx.doi.org/10.1001/archsurg.1966.01320240049010
http://dx.doi.org/10.1001/archsurg.1966.01320240049010
http://dx.doi.org/10.1007/s13304-011-0098
http://dx.doi.org/10.1016/j.ijsu.2008.12.023
http://dx.doi.org/10.1016/j.ijsu.2008.12.023
http://dx.doi.org/10.1055/s-2006-955453
http://dx.doi.org/10.1515/pjs-2015-0005
http://dx.doi.org/10.1515/pjs-2015-0005
http://dx.doi.org/10.1016/j.surg.2005.08.027
http://dx.doi.org/10.1016/j.surg.2005.08.027
http://dx.doi.org/10.1016/j.surg.2006.07.017
http://dx.doi.org/10.1007/s00268-013-2402-1
http://dx.doi.org/10.1002/lary.24301
http://dx.doi.org/10.1002/lary.24301
http://dx.doi.org/10.1007/s00268-011-0963-4
http://dx.doi.org/10.1007/s13304-011-0098-z
http://dx.doi.org/10.1007/s13304-011-0098-z


22. Carnea CR, Brandao LG, Brandao J (2012) Neuromonitoring in
thyroid surgery. Curr Opin Otolaryngol Head Neck Surg 20:125–
129. doi:10.1097/MOO.0b013e32834fa8e6

23. Barczyński M, Konturek A, Cichoń S (2009) Randomized clinical
trial of visualisation versus neuromonitoring of recurrent laryngeal
nerves during thyroidectomy. Br J Surg 96:240–246. doi:10.1002/
bjs.6417

24. Barczyński M, Konturek A, Cichoń S (2006) Value of intraopera-
tive neuromonitoring in surgery for thyroid cancer in identification
and prognosis of function of the recurrent laryngeal nerves.
Endocrinol Pol 57:343–346

25. Eisele DW (1996) Intraoperative electrophysiologic monitoring of
the recurrent laryngeal nerve. Laryngoscope 106:443–449

26. Dralle H, Stang A, Sekulla C, Rusner C, Lorenz K, Machens A
(2014) Surgery for benign goiter in Germany: fewer operations,
changed resectional strategy, fewer complications. Chirurg 85:
236–245. doi:10.1007/s00104-013-2705-7

27. Alesina PF, Hinrichs J, Meier B, Cho EY, Bolli M, Walz MK (2014)
Intraoperative neuromonitoring for surgical training in thyroid surgery:
its routine use allows a safe operation instead of lack of experienced
mentoring.World J Surg 38:592–598. doi:10.1007/s00268-013-2372-3

28. Tomoda C, Hirokawa Y, Uruno T, Takamura Y, Ito Y, Miya A,
Kobayashi K, Matsuzuka F, Kuma K, Miyauchi A (2006)
Sensitivity and specifity of intraoperative recurrent laryngeal nerve
stimulation test for predicting vocal cord palsy after thyroid surgery.
World J Surg 30:1230–1233

708 Langenbecks Arch Surg (2017) 402:701–708

http://dx.doi.org/10.1097/MOO.0b013e32834fa8e6
http://dx.doi.org/10.1002/bjs.6417
http://dx.doi.org/10.1002/bjs.6417
http://dx.doi.org/10.1007/s00104-013-2705-7
http://dx.doi.org/10.1007/s00268-013-2372-3

	The learning curve for intraoperative neuromonitoring of the recurrent laryngeal nerve in thyroid surgery
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	References


