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A B S T R A C T

Purpose: The increasing use of intraoperative neural monitoring (IONM) of the recurrent laryngeal nerve (RLN)
during thyroid surgery imposes an evaluation of cost-effectiveness.
Methods: The analysis estimated the cost versus utility of different alternatives that simulate nerve injury course
and the consequences for the following cohorts of patients: (1) no RLN injury, or vocal fold palsy (VCP) recovery
within 1 month (2), 2 months (3), 6 months (4), and after 12 months (5). In the model applied, the average
simulated cohort consisted of a young female patient, 40 years old, employed, daily voice user, who underwent
elective, conventional total thyroidectomy via cervical incision using a standardized intermittent IONM tech-
nique, for an operable benign, bilateral, diffuse, multinodular, non-toxic, non-retrosternal goiter.
Results: IONM was cost-ineffective when parameters such as the rates of transient vocal fold palsy (VCP) reached
38.5%. IONM was cost-effective if the rate of VCP was 33.6% at 1 month, 22.9% at 2 months, 9.8% at 6 months,
and 3.8% at 12 months, independent of phono-surgery. The described scenario is cost-effective only in a high-
volume setting.
Conclusions: This study used simulation economic modeling to assess clinical and cost-effectiveness utility of
IONM implementation. In light of the limitations of a simulation-based study, we conclusively assumed that
IONM is cost-effective for permeant RLN injuries.

1. Introduction

The use of intraoperative neural monitoring (IONM) during thyroid
surgery is gradually increasing [1–5]. This technological development
is a result of the availability of non-invasive devices [6]; publication of
randomized prospective trials [7] and comprehensive guidelines de-
fining the standards for recurrent laryngeal nerve (RLN) monitoring
[8]; structured training courses [9]; description of clinical [10], legal
[11], and research implications [12,13]; user-friendly software [8]; and
commercial effort.

The German and Italian Associations of Endocrine Surgeons and the
American Academy of Otolaryngology-Head and Neck Surgery pub-
lished practice guidelines for IONM use [14–16]. According to these

guidelines, IONM should be used for bilateral procedures [14,16], high-
risk surgery [15], and in the setting of an existing RLN paralysis [16].

Insurance companies in the United States consider the use of IONM
during thyroid and parathyroid surgery [16]. However, the increasing
use of neural monitoring necessitates prudence and perfect knowledge
of its limitations on the part of the surgeon [17], and a detailed cal-
culation of the cost.

The economic assessment of IONM includes a precise evaluation of
the expenses associated with its use in the operating room and during
hospitalization [18], the opposed actual estimate of an RLN injury [19],
and a conclusive cost-effectiveness analysis.

In a previous analysis [18], the comparison between the costs and
the diagnosis-related group (DRG) determined an underfunding of total
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hospitalization costs for all thyroidectomies, regardless of the tech-
nology used (IONM, energy based devices, endoscopy, etc.). Hospita-
lization and operating room costs for a thyroidectomy with IONM were
between 5–7% and 10–12%, respectively, higher than those for tradi-
tional thyroidectomy [18]. These costs were sensitive to the number of
procedures performed [18].

In a later study, direct and indirect costs of resource consumption
management in patients with RLN injury have been estimated [19].
Five clinical pathways were identified, based on the outcome of the
RLN injury regarding vocal fold paralysis: vocal fold function recovery
within one, three, or six months (first, second, and third clinical path-
ways respectively) and vocal fold paralysis persisting at 6 months to 1
year without and with phono-surgery (clinical pathways 4 and 5 re-
spectively). The costs were valued from the National Health System
(NHS) and patient perspectives (i.e. in terms of productivity losses as
human capital approach) [19]. Both from NHS and patient perspectives,
the analysis showed a significant increase in the costs related to the
management of injured patients [19].

Questions remain about the generalizability of the results regarding
IONM, particularly the analyses associated with cost-effectiveness [20].
The cost-effectiveness of IONM has never been investigated. In lieu of a
prospective, randomized clinical trial, this study used simulation eco-
nomic modeling to asset the clinical and cost-effectiveness utility of
IONM implementation for thyroid surgery.

2. Methods

2.1. Description of economic initial model population

We hypothesized that the addition of IONM to thyroidectomy is not
cost effective and that IONM would not be cost effective regarding
different RLN injury rates and the timing of the recovery.

The analysis was based on a state-transition perspective Markov
economic model [21] to estimate the long-term costs and the RLN
outcomes associated with neural monitoring-based surgery [8].

In the model applied, the average simulated cohort consisted of a
young female patient, 40 years old, employed, daily voice user, who
underwent elective, conventional total thyroidectomy via cervical in-
cision using a standardized intermittent IONM technique [8], for an
operable benign, bilateral, diffuse, multinodular, non-toxic, non-retro-
sternal goiter [22].

The reference case was a patient identified after complete en-
docrinological investigation and in an euthyroid status at surgery.

All cohort patients underwent a preoperative laryngeal examina-
tion.

All presented without history of neck surgery, irradiation, thyr-
oiditis, or a preexisting RLN injury.

For baseline analysis, each patient was assumed to have an
American Society of Anesthesiology (ASA) score of I.

Audio plus graphic, EMG electrodes surface endotracheal tube-
based monitoring systems, and disposable stimulating probes were
taken into consideration during the analysis [4,8,18].

No additional lymphadenectomy, parathyroid surgery, or in-
traoperative pathological examination was required.

No incidental carcinomas were detected at a final histological ex-
amination.

The entire cohort underwent routine postoperative examination of
laryngeal function before discharge (2 days post-surgery) [23].

Continuous intraoperative neural monitoring was excluded from the
present analysis.

The postoperative course was uneventful except for unilateral RLN
palsy.

Pre- and postoperative laryngeal examinations were performed
without complications or discomfort to the patients.

2.2. Model transition probabilities

The study was based on the follow-up clinical model pathway of
consequences created and adopted by our department for nerve injury
patients [19,23]. In the cases of both symptomatic or asymptomatic
RLN injury, the clinician promptly referred the patient to an otolar-
yngologist [16,23,24]. Referral for evaluation by an otolaryngologist
allowed for establishment of a management plan, shared decision
making, coordination of care with a speech-language pathologist with
expertise in voice therapy, and prompt intervention to optimize the
outcome [12,23,24]. After the diagnosis of unilateral vocal fold palsy
(VCP), the patient followed a scheme consisting of programmed pho-
niatric visits, the first one to determine the indication to start a speech
rehabilitation (10 sessions), and the next ones to evaluate the im-
provement in VCP and the recovery of the voice [19,23]. The re-eva-
luation was performed at 3, 6, and 12 months to decide if the patient
needed a second speech cycle or required a phonosurgery procedure in
the case of persistent dysphonia [19,23]. In addition to the specific
phoniatric follow up, a standard surgical evaluation was performed at 1
and 6 months, and the endocrinological follow-up visits were scheduled
at 3 and 12 months [19,23].

A Markov decision model was used as dynamic programming ap-
proach to identify the RLN injury state changes over time as transitory,
recovery, or definitive nerve palsy [21]. Thus, to analyze the economic
impact of IONM and the RLN injury together, separate Markov models
were constructed and took into consideration various clinical outcomes
in different cohorts of patients to reflect the differences in RLN injury
progression. Using decision analysis software (TreeAge Software Pro,
Arena, Williamstown, Massachusetts, US), we built a hybrid model of a
linear decision tree terminating in a Markov model. The Markov com-
ponent of the model simulates the natural history of RLN injury pro-
gression [23]. The model was divided into six lines to account for RLN
injury rate decrease in the rate of RLN injury-time related changes
[16,19,23]. Therefore, the model performed a detailed comparison of
the estimated cost-utility for 6 different forms of simulating the course
of nerve injury and consequences for the following cohorts of patients:

1) No RLN injury
2) Vocal folds function recovery within 1 month (i.e. follow-up inter-

ruption for VCP)
3) Vocal folds function recovery within 2 months
4) Vocal folds function recovery within 6 months
5) Definitive VCP after 12 months without phono-surgery
6) Permanent VCP after 12 months with phono-surgery

Illustrative models framework is depicted in Fig. 1.
Patients move through the states/models according to the published

data regarding the estimated probability of patient recovery following
RLN injury [16,23,24].

The model assumes that IONM does not decrease the rate of RLN
injury in benign thyroidectomies [7] in comparison with thyr-
oidectomies without IONM. Additional precise details regarding deci-
sion scenarios, strategies compared, outcome measures, and, im-
portantly, assumptions are described in our previous publications
[18,19,23].

To assess the impact of the IONM technology on hospital manage-
ment, two macro-scenarios were considered: the first hypothesized
surgery with IONM performed in a high-volume setting. A high-volume
setting is considered when at least 5 IONM/procedures per week are
performed. The second considered a low IONM volume setting. Two
cohorts of> 5 or< 5 procedures/weekend were used to initiate the
analyses.

We only designed the scenario of monolateral VCP, applying the
IONM Standards Guideline for staging procedures, in the case of signal
loss at first dominant-side lobectomy [5,8,31].

Primes were modeled over a 1-year follow-up. In detail, the Markov
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models were evaluated over a lifetime period with a time horizon
length of 1 year and included all possible post-discharge treatments, the
rehabilitation program, and the follow-up for up to 1 year [16,19,23].

We have also assessed the potential costs of a speech therapy pro-
gram, a repetition of laryngeal exams to restore the impaired vocal
cords function, or the option of a potential phono-surgery after per-
manent vocal fold paralysis and the work illness. These indirect out-
goings were valued in terms of productivity losses to take into con-
sideration the cost imposed to the community [26–30].

Vocal cord surgery under general anesthesia was performed for
permanent symptomatic VCP 12 months after thyroidectomy.

The mortality was periodically evaluated and estimated at 0%.

2.3. Model parameters, costs, resources utilization, utilities and analysis

The analysis was performed according to the guidelines for cost-
effectiveness evaluation [32].

The probability of transition for each health state and IONM utility
were derived from the assumptions on IONM costs [18], RLN injury cost
[19], injury prevalence data [25], nerve recovery progression rate [23],
and societal perspective [26–30] from previous institutional reports and
the systematic literature review, preferably from meta-analyses [25].

In this analysis, both the costs and the health consequences of RLN
injury were examined.

Identical method of cost analysis was employed regardless of whe-
ther the laryngeal paralysis was symptomatic or asymptomatic for
dysphonia, or whether upper digestive symptoms or respiratory dis-
orders were present.

All unit costs reported in the analysis for health states and thyroid
surgery are provided as a price for the year 2015 in euros and were
considered from the perspective of the Italian NHS based on specific
DRG 290 [26−30]. The peculiarities of Italian NHS were previously
described [18,19].

An average inflation rate of 1.5% was used to adjust older costs to
the 2015 amount when necessary [33].

Both direct and indirect costs were taken into consideration. The
total cost included surgery, hospitalization [18], and the cost of nerve
complication management [19], loss of productivity [34], and wages
[35] (Table 1). Table 1 summarizes the point estimates of all input
variables used (probabilities, costs, QALYs values) and their ranges,
accompanied by the source of these inputs.

The cost and utilities were discounted annually at a standard of 3%
[36].

Thyroid hormone medication costs were based on average Italian
wholesale prices [37].

The key variables tested were the probabilities of RLN recovery
occurring during the follow-up [23].

Quality-adjusted life-years (QALYs) were used to evaluate the ben-
efits of an intervention (IONM use) on the individual [32]. In the pre-
sent study, QALYs scores adopted for health states were calculate ac-
cording to a study by Wilson [38]. In detail, a score 1.00 was assigned
for patients without nerve injury, or nerve recovery, or full health, and
a score of 0.81 for nerve injury due to surgery [38]. Both symptomatic
and asymptomatic VCP were assumed to have a utility score of 0.81.

The time spent by a patient in a particular RLN injury state was
multiplied by that result's quality-adjustment factor to yield QALYs.

Fig. 1. IONM costs are sensitive to the volume of their use as these are spread over a greater number of procedures (useful lifetime (years) X no. procedures per year), thereby reducing
IONM-related operative costs from €273 to €215 and hospitalization cost from €4.026 to €3.713. IONM cost included both initial capital equipment investment accounted with
depreciation charge (i.e. IONM console, patient interface, patient simulator, printer) and disposable items accounted for single procedure (i.e. maintenance cost, probe stimulation,
endotracheal EMG tube) (REF [18]).
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Patients requiring definitive phono-surgery under general anesthesia
were assigned a one-time reduction in quality-adjusted life expectancy.

Incremental cost-effectiveness ratio (ICER) was the outcome mea-
surement in the present study.

Although there is no official cost-effectiveness threshold in Italy, the
value of €35,000 per QALY could be acceptable [21,24,32,34,35,38].
This threshold was chosen based on the analysis of the cost imposed by
current health care resource allocation decisions in Italy
[21,24,32,34,35,38]. A strategy was regarded cost-effective if the ICER
was less than €35,000 per QALY gained.

Minimum wage was set at 9.5 €/h21,24,32,34,35,38.
The rates of RLN injury were calculated based on nerves at risk

(NAR). We adopted previously published power calculation of a sample
size containing a minimal number of NAR to achieve significant dif-
ferences, which was 32,326 [39,40].

3. Results

Fig. 2a,b,c,d,e represent the sensitivity for cost-effectiveness ana-
lysis regarding IONM in different model pathways.

IONM was not cost-effective when parameters such as the rates of

transient VCP reached 38.5% (Fig. 2a).
Varying the timing of VCP recovery parameters still yielded positive

ICER values consistently above the threshold of 35,000, implying that
IONM was not cost-effective.

IONM became cost-effective if the rates of VCP were 33.6% at 1
month (Fig. 2b), 22.9% at 2 months (Fig. 2c), 9.8% at 6 months
(Fig. 2d), and 3.8% at 12 months independently of whether phono-
surgery was performed (Fig. 2e).

The above described scenario was cost-effective only in a high-vo-
lume setting with>5 IONM procedures/week.

4. Discussion

Techniques and technologies applied for thyroid surgery such as
laryngeal examination [41,42], intraoperative pathological examina-
tion [43], energy based devices [44], and robotics [45] are important
drivers for increased operating and hospitalization costs.

RLN morbidity has its economic weight on patients and the society
[19,20].

The need to assess the value of IONM as it was introduced, that is, to
measure its possible benefits relative to its costs has been raised

Table 1
Point estimates of all input variables used (probabilities, costs, QALYs values) and their ranges, accompanied by the source of these inputs.

Natural history data Cost Cost (2) Parameter value Reference

Total hospitalization costs € 3713 (> 5
procedures/week)

€ 4026 (< 5
procedures/week)

[18]

IONM costs per procedure € 215.2 (> 5
procedures/week)

€ 273,8 (< 5
procedures/week)

[18]

Time effort € 513.7 [18, 19]
Diagnostic exams € 263.9 [18, 19, 26, 37]
Drugs € 107.5 [18, 19, 26, 37]
Consumables and technology € 1179.0 [18, 26]
General expenses € 1306.9 [18]
Operating room costs € 597.9 [18]
Incrementing Probe € 137,50 [18]
Nim Flex Tube € 97,20 + IVA 22% [18]
Trivantage Tube € 97,20 + IVA 22% [18]
Ball tip probe € 39,60 + IVA 22% [18]
NIM 3.0 monitor € 16.000,00 + IVA 22% [18]
Regional DRG tariff (Lombardy Region) € 2690.0 [27]
Inflation rate 1.5% [29]
Wages 9.5 €/hr [33, 34, 35]
Sample size of minimal number of nerve at risk

(NAR)
32.326 [39]

Unilateral RLN injury prevalence rate Temporary 9.8%; Permanent 2.3% [24, 25]
Transition RLN transient nerve injury recovery

probabilities
At 2 weeks 29.6%; 1 month 46.1%; 2 months
62.5%; 2 months 68.8%; 6 months 87%; 12
months 89%

[23]

NHS Patient (without
exemption)

Thyroid hormone medication € 2,79 € 2,79
Phoniatric Visit (first visit) € 22,50 € 66 [19]
Phoniatric Visit (follow-up visit) € 17,90 € 17,90 [19]
General surgery visit (follow-up) € 17,90 € 22,40 [18, 19]
Endocrinology visit (follow-up) € 17,90 € 22,40 [18, 19, 37]
General practitioner visits € 19,19 [18, 19, 37]
Speech therapy € 89,50 € 66 [18, 19, 37]
Strobolaringoscopy € 21,10 € 27,45 [18, 19, 38]
Metilprednisolone € 1,90 € 1 [18, 19, 29, 39]
Definitive phono-surgery in general anesthesia € 2.411,58 [18, 19, 37]
Rate of phono-surgery 5% of permanent RLN injury at 12 months after

surgery
[19, 23], expert
opinion

Productivity losses € 156 per day [34, 35, 38]
Quality-adjusted life-years utility score patient with

RLN injury (with or without dysphonia)
0,81 [34, 35, 38]

Quality-adjusted life-years utility score patient
without RLN injury or recovery RLN injury

1 [34, 35, 38]

Cost-effectiveness threshold in Italy 35.000 [21, 24, 32, 34, 35,
38]
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[18,20].
In 2007, Wilkinson and colleagues suggested that IONM could never

be cost-effective if a true cost per prevented nerve injury was to be
taken into account, assuming that any nerve injury was preventable
[20].

While admittedly with a different design, Rocke et al. modeled total
thyroidectomy with and without IONM to determine cost effectiveness
[41]. This study creates a decision-tree model of total thyroidectomy to
analyze, from a societal perspective, the cost-effectiveness of universal
IONM (ie, use in every case) vs selective IONM (ie, high-risk cases in-
cluding reoperative cases, substernal or toxic goiters, and cases with
known cancer) vs no IONM (visual identification only). Parameters for
the model were derived from review of the literature, and deterministic
and probabilistic analyses were performed to test the model's robust-
ness. All analyses were performed from the model; there were no
human participants [41]. Visual identification of the RLN led to a cost
savings of $179.40 and $683.20 per patient, and an improvement of
0.001 and 0.004 quality-adjusted life-years, over selective IONM and
universal IONM, respectively. Visual identification was the most cost-
effective approach, despite variations in costs and utilities in both de-
terministic and probabilistic sensitivity analyses. In a 1-way sensitivity
analysis, decreasing the probability of RLN injury with IONM made
selective IONM more cost-effective. When the rate of RLN injury for
visual identification was kept constant (at 3.86%), selective IONM be-
came the most cost-effective approach when its RLN injury rate

dropped below 1.9%. As the rate of RLN injury with IONM dropped
below 50.4% of the visual identification RLN injury rate, selective
IONM became the most cost-effective approach [41].

Al-Qurayshi Z et al. constructed a Markov chain model constructed
based on IONM use [42]. The base-case patient was defined as a 40-
year-old woman presenting with a 4·1-cm left-sided papillary thyroid
cancer who developed RLN injury with loss of monitoring signal during
planned bilateral thyroidectomy. It was hypothesized that, if the sur-
geon had used IONM, the RLN injury would have been detected and the
operation would have been concluded as a thyroid lobectomy to avoid
the risk of contralateral RLN injury [42]. Cost in US dollars was con-
verted to euros; probabilities and utility scores were identified from the
literature and government resources. Length of follow-up was set as 20
years, and willingness-to-pay (WTP) as €38 000 (US $50 000) per
quality-adjusted life-year. At the end of year 20, the not using IONM
strategy accrued €163 995·40 (US $215 783·43) and an effectiveness of
14·15 QALYs, whereas use of the IONM strategy accrued €170 283·68
(US $224 057·48) and an effectiveness of 14·33 QALYs. The incremental
cost-effectiveness ratio, comparing use versus no use of IONM, was €35
285·26 (US $46 427·97) per QALY, which is below the proposed WTP,
indicating that IONM is the preferred and cost-effective management
plan. A Monte Carlo simulation test that considered variability of the
main study factors in a hypothetical sample of 10 000 patients showed
IONM to be the preferred strategy in 85·8 per cent of the population.
The Author concluded that the use of IONM is cost-effective in patients
undergoing bilateral thyroid surgery [42].

On the basis of these arguments, we developed an analysis model to
examine whether IONM was cost-effective and to investigate its cost-
effectiveness relative to the prevalence rate of RLN injury and the
timing of recovery.

The initial simulated model applied consisted of a cohort of young
patients who were employed, voice daily users that underwent total
thyroidectomy for benign goiter under intermittent IONM.

We compared the cost-effectiveness of IONM based on different
scenarios in terms of RLN injury rate and progression because RLN
injury rate would decrease over time [19,23].

The analysis demonstrated that the importance of IONM is variable
depending on the duration, the severity, and the prevalence of the RLN
damage, in addition to the clinical setting in which IONM is applied
(Fig. 2).

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.

IONM appears to be a clinically cost-effective intervention in those
patients who would experience definitive, permanent VCP, as de-
termined after 12 months of follow-up evaluation, independent of
whether phono-surgery was performed. The cost-effectiveness is de-
termined when the permanent injuries 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 de-
scribed cost-effective scenario is cost-effective only in a high-volume
setting with>5 IONM procedures/week.

A more detailed scrutiny regarding the clinical effectiveness IONM
is required.

De facto, we acknowledge several limitations of this study, many of
which are inherent to any sophisticated healthcare economic model.

Table 2 summarizes all issues not estimated in this analysis. It en-
ables the reader to critically appraise the inputs, which is important,
since the quality of input data largely determines the validity and
generalizability of our results.

The first and the most important limitation is that decision models
are complex [46]. With a decision model, one attempts to create a real-
life model, but recreating reality is impossible [46]. The assumptions
and the model structure were based on our previous reports [18,19,23]
and clinical sense. Other external decision-analysis models could

Table 2
Features not measured in the present analysis.

IONM technology

• Nerve identification, mapping, dissection, elucidation of mechanism and site of
nerve injury, postoperative nerve prognostication

• Supplementary continuous nerve monitoring

• Information regarding neurophysiologic status of the RLN

• Superior laryngeal nerve monitoring

• IONM malfunction – equipment failure

• Reusable stimulating devices

• Alternative monitoring formats (non-EMG tubes, etc..)

• Other IONM Companies (Inomed, Langer, Neurosing, etc..)

• EMG misinterpretation, IONM sensitivity, specificity, accuracy, false positive,
false negative results

• Education of key personnel including anesthesia, nursing, surgeon, and
technician

• Morbidity and complications related to IONM

• Completion lobectomy in case of previous stage procedure

Patient perspective

• Pediatric patient

• Older patients

• Unemployed

• Patient comorbidities (ASA score> 2)

• Preoperative VCP

• Bilateral VCP

• More than 1 phono-surgery to manage severely symptomatic VCP

• Redo surgery, cancer, lymphnode dissection

• Symptomatic vs. asymptomatic for dysphonia

• Presence of upper digestive symptoms or respiratory disorders due to nerve injury

• Legal claims

• Patient preferences (decline intervention, follow-up, IONM use, stage procedure)

• VC injury due to intubation

• Laryngeal electromyography

• Type of phono-surgery

• Indication for phono-surgery (only a select group of patients with persistent voice
complaints or dysphonia for a period of time would undergo phono-surgery)

• Dysphonia non related to surgery

Surgeon and hospital perspective

• Learning curve

• Knowledge of mechanism of nerve injury

• Operative time

• Multidisciplinary use of IONM (parotid surgery, etc.)

• Inpatient and outpatient setting

• Legal claims

• Surgeons preferences (decline IONM use, stage procedure)
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consider clinically relevant characteristics of the patient that should be
considered when contemplating a clinical decision and can therefore be
used in clinical practice.

The study results depend on numerous assumptions and therefore,
the generalization of their conclusion is limited to cases, environments
and healthcare systems in which these assumptions hold.

The surgical population is usually highly heterogeneous in terms of
indications and risks for RLN injury. Further research focusing on
specific populations, such as patients scheduled for high-risk thyr-
oidectomies (redo surgery, cancer, toxic goiter, etc.), is suggested to
potentially tailor IONM treatment strategies by identifying the patients
who are more likely to benefit from IONM. It would be interesting to
evaluate other referent group that may increase the effectiveness of
IONM, for example simulate a “wait and watch approach” for RLN in-
juries.

Future trials should also seek to clarify the aspects related to the
quality of life of patients with VCP that matter the most to the patients
and to characterize the changes in the quality of life that occur during
the follow-up. The present analysis did not evaluate the simulated case-
model of “wait and watch”, a conservative approach for the manage-
ment of RLN injury [16,22,23]. This model applied a routine post-
operative laryngeal examination and an early referral to otolaryngolo-
gist in cases of both symptomatic and asymptomatic RLN injury
detection [16,22,23].

Inherent limitations include the limited, non-extended time horizon
evaluation, i.e. a maximum of 12 months. For the definition of VCP, a
period of 6 months as well as 12 months has been used [16,22,23].
Regarding the timing of phonosurgery, certain surgeons prefer to per-
form conventional thyroplasty after 12 months, but for symptomatic
patients, injection thyroplasty is considered after 6 months [16,22,23].

The assessment of modified clinical strategies as the opportunity
given by IONM for an intraoperative corrective action is not measurable
either. For example, staging the surgical procedure in the case of a
signal loss on the first side to avoid bilateral VCP, injury mapping and
identification of mechanisms of injury, and synchronization of surgical
maneuvers with continuous monitoring are once more not computable
with numbers (Table 2).

Moreover, several IONM properties were not measured in the cur-
rent study. For example, the intrinsic capacity of the IONM as a tool to
increase RLN identification, dissection, prognostication, and cataloging
RLN anatomical variability are non-measurable monitoring features
(Table 2).

1) The model applied assumed that IONM does not decrease the rate
of RLN injury in benign thyroidectomies [7] in comparison with thyr-
oidectomies without IONM. Several meta-analyses and single-center
studies have shown that there is no significant difference in vocal cord
palsy rates after visual nerve identification alone and those after ad-
ditional intermittent nerve monitoring (I-IONM) [7]. In principal, this is
due to a time lag between nerve stimulation and nerve preparation.
Benefits may result from improved experience with nerve preservation,
but not from the technique of I-IONM per se. The analysis only calcu-
lated the cost-effectiveness of I-IONM when the VCP rates were not
modified by adding I-IONM to visual nerve identification. By analyzing
I-IONM vs. visual identification alone, one can only calculate the costs
of transient or permanent VCP, but not the true cost-effectiveness of I-
IONM because of the missing difference in VCP rates among these two
techniques. Calculating the costs of transient and permanent VCP is
important, however, one can calculate and compare only the costs for
the number X against the number Y of transient and permanent palsies.
Based on the data from the literature and the methodological principle
of I-IONM, one cannot conclude that the difference between the number
X (higher; without I-IONM) and the number Y (lower; with I-IONM) is
due to I-IONM, finally favoring IIONM because of the lower number of
palsies and, consequently, lower costs.

A limit of the current analysis is that continuous IONM (C-IONM)
cost evaluation was not included. According to Schneider et al. [47],

surgeries with C-IONM resulted in significantly fewer permanent vocal
fold palsies (but not transient) compared with intermittent IONM (I-
IONM) after thyroid surgery in patients with benign disease. A cost-
effectiveness analysis for C-IONM vs. I-IONM may be valuable in the
future. Future trials should seek to compare different IONM formats, in
addition to specifying and evaluating the consequences of different RLN
treatment options more closely.

The impact of surgeon's experience on the outcomes, as well as the
experience with IONM, the duration of training, and resources used to
reach the mastery (monitoring skill acquisition), performance (skill
retention), and intraoperative time and performance scores (skill
transfer) were not compared (Table 2).

Cultural, political, economic, and social differences between the
countries may limit the generalizability of our findings [46]. Future
economic studies regarding IONM, therefore, must be interpreted
within the appropriate geopolitical context. De facto, the data pre-
sented may be unique and of interest primarily for the Italian Health-
care System: a comparison with systems in other parts of the world
would be intriguing. DRG varies between regions and countries [46].
Moreover, several unique features existing in other countries, such as
patient IONM cost sharing, insurance arrangements, and patient cost
supplement to the surgeon using IONM technology, need consideration
in the comparison of cost-evaluation. Discount rates between 1% and
10% have been reported, but the most commonly used percentage is 3%
on both costs and effect [46]. However, variations between the coun-
tries exist, and differences between the discount rate for costs vs. the
rate for effectiveness are sometimes applied.

The minimum wage was arbitrary and set to 9.5€/h33−35. Although,
according to the article 36 of the Constitution, the wages must be
proportionate to the quality and quantity of work performed and suf-
ficiently high to provide a minimum subsistence for the worker and his
family, in Italy no minimum wage is established by law, and hence
there is no separate legislation to regulate it [33–35]. Approximately
half of the employees in the country are covered by a collective bar-
gaining agreement, where wages are set [33–35].

The evaluation of cost-effectiveness has become a requirement for
the reimbursement of devices in some countries given the scarcity of
resources for health care [46]. However, this is not the case in all
countries. Medicare has no statutory mandate to examine the cost-ef-
fectiveness and has resisted the attempts to change this [46]. Recent
European Commission Project recommended against the use QALYs in
health decision making after surveying subjects in the European Com-
munity and establishing that several theoretical assumptions under-
lying QALYs were not valid [46,48–52].
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