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ABSTRACT

We evaluate the role of intraoperative neuromonitoring (IONM) in thyroidectomy performed for
Graves’ disease (GD) with an emphasis on recurrent laryngeal nerve (RLN) management and
completeness of resection. The study is a retrospective series comprising 55 thyroidectomy (control
group) versus 82 procedures with intermittent IONM (I-IONM) and 72 by means of continuous
IONM (C-IONM). In the control group the laryngeal nerves have been identified by visualization
solely. In the I-IONM group both vagal nerve (VN) and RLN have been localized and monitored
during thyroid resection. C-IONM was achieved with a vagal stimulation probe. I-IONM group had
shorter operating times (P=0.032). RLN morbidity, meaning palsy rate, was 2.7% in the C-IONM
group, 3.6% in I-IONM and 5.4% in the control group (P=0.058). The proportion of complete
procedures (total or near total resections) were significantly higher using monitoring technology
(P=0.049). Persistent positive serum TBII values were found in 25 (45%), 25 (30%) and 20 (27%)
patients at 12 months in the control, [-IONM and C-IONM groups respectively (P=0,04). IONM is

an effective technology in GD patients.

HIGHLIGHTS

« The risk of recurrent laryngeal nerve paralysis during thyroidectomy for Graves’ disease is high



« Intermitted and continuous neural monitoring are feasible and useful during thyroidectomy for
Graves’ disease
« The proportion of complete thyroidectomy was significantly higher using monitoring technology,

I-IONM or C-IONM, instead of direct visualization of the RLN.
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1.1 INTRODUCTION

Recurrent laryngeal nerve injury (RLNi) during thyroidectomy relates to multiple patient- and/or
surgeon-related risk factors [1]. The risk is higher for thyroid cancer, Graves’ disease (GD), re-
operation, mediastinal goiter, low volume experience and in cases of failure to identify the RLN [1].
Intraoperative neuromonitoring (IONM) has been proposed as a complementary procedure to
standard visual identification of the laryngeal nerves during thyroid surgery. Authors have shown that
IONM allows a reliable intraoperative identification and monitoring of the laryngeal nerves [2—4].
The continuous intraoperative neural monitoring (C-IONM) technique is increasingly acknowledged
as a useful tool to recognize impending nerve injury and to abort the related maneuver to prevent
nerve injury during thyroid surgery [2—6]. C-IONM provides valuable real-time information, which
is really useful during complex thyroid surgeries especially in the setting of unusual anatomic variants
[2-6]. The aim of this retrospective study is to compare intermittent and continuous IONM of the

RLN with the sole visualization during thyroidectomy performed for GD.

1.2 MATERIALS AND METHODS

1.2.1 Design



Retrospective cohort study of patients undergoing thyroid surgery for GD. Data were collected from
prospectively maintained departmental clinical medical charts database. The database is maintained
with quality assurance by a database specialist and searchable through International Classification of
Disease codes, Current Procedural Terminology, and faculty names.

1.2.2 Setting

Setting was a University Hospital.

1.2.3 Participants

Internal review board approved retrospective records analysis in all GD patients who had received
thyroid surgery over a 5-year period (2009-2014) (#J1-prot-2008-5). All patients routinely signed an
informed consent before surgery for prospective data base collection. Participants were assured of
anonymity. Eligible patients with GD were assessed for the study. This study included patients
referred by endocrinologists for surgical management of GD. The study included patients undergoing
first time open/transcervical thyroid surgery. Patients with hyperthyroidism due to GD underwent
surgery because of their poor response to antithyroid drugs, need for high doses of antithyroid drugs,
recurrence upon treatment discontinuation, and poor patient compliance [7]. Patients with
preoperative vocal fold paralysis, pregnancy or lactation, American Society of Anesthesiologists
fitness grade IV, and inability to comply with the follow-up were excluded from this study.
Endoscopic thyroidectomy procedures were excluded. Patients were followed pre- and
postoperatively in collaboration with the Division of Endocrinology [7].

1.2.4 Preoperative assessment

Patients were clinically and biochemically euthyroid following antithyroid treatment with thiamazole
prior to surgery [7]. Laboratory tests included measurement of serum free tri-iodothyronine (fT3;
reference range 0.22—6.78 pmol/l), free thyroxine (fT4; reference range 12 — 30 pmol/l) and thyroid-
stimulating hormone (TSH, thyrotropin; reference range 0.4—4.2 munits/l). Serum thyrotropin-

binding inhibitory immunoglobulin (TBII) levels were measured. A TBII value above 1.5 units/l was



defined as positive [7]. High-resolution Doppler ultrasonography of the neck with both 7.5- and 12-
MHz linear-array transducers was performed during an outpatient visit before admission.

1.2.5 Operative technique

Thyroid surgery was performed by 3 experienced endocrine surgeons. All operations were carried
out under general anaesthesia. A central, traverse cervical Kocher incision was made along the skin
crease between the cricoid cartilage and the sternal notch. Instruments adopted for dissection and
control hemostasis included anatomical pliers, knife blades, mosquitos, monopolar and bipolar
scalpel and vessel sealing system. RLN identification, exposure and neural monitoring was offered
in all procedures. Efforts to identify 4 parathyroid glands was professed in all cases. Any inadvertently
removed parathyroid gland was autotransplanted into the sternocleidomastoid muscle. Efforts were
made to identify and remove the entire pyramidal thyroid lobe. A 15Fr Jackson-Pratt drain was placed
routinely. Postoperative management included application of a non-compressing dressing for 8—12
days. Closed-suction drains were typically removed when postoperative encounter collection was
less than 50cc/24hrs. Stitches were removed 5 to 8 days postoperative at the discretion of the surgeon.
Antibiotic prophylaxis was not routinely used.

1.2.6. Nerve Monitoring

In the control group, the RLN was routinely identified solely by visual detection.

In the I-IONM group, the laryngeal nerves are identified and dissected by visualization plus nerve
monitoring. A non-invasive monitoring system [nerve integrity monitor (NIM) Response 2.0 sub
sequentially 3.0 System, Medtronic Xomed, Jacksonville, Florida] was used for nerve monitoring.
RLN is identified, mapped and stimulated in the surgical field via the application of a sterile single-
use pulse-generated monopolar stimulator probe (n.8225101, Medtronic Xomed). Stimulation level
is set between 0.5 and 3.0 mA (mean 1), 30 Hz frequency, four stimulation per second, stimulation
duration 100 Is and impedance\5 kX [8]. We routinely set the probe to deliver an electric current of
2-3 mA intensity for both vagal nerve (VN) and RLN identification, while 1-0.5 mA for RLN and

related branches confirmation [9]. Thus, the RLN is mapped out in the inferior paratracheal region



through probe stimulation and visually identified early via directed dissection based on the previous
neural mapping. In the IONM group, the vagus nerve and the RLN have been stimulated before,
during and after thyroid resection after a complete hemostasis according to Chiang’s
recommendations [10]. The VN is directly stimulated by the application of the stimulator on the
carotid sheath without dissection (stimulation probe intensity, 2—3 mA). Moreover, the stimulator is
continuously used during (monitoring) the RLN and/-or vagus dissection of the tracheo-esophageal
groove, for neurophysiologic confirmation of a visually intact nerve. The identification of an intact
nerve is confirmed through a series of audible and quantitative signals generated by the machine and
by analyzing and comparing the EMG amplitudes of both VN and RLN stimulation before and after
thyroid resection [11-14].

C-IONM group consisted in the application of the Automatic Periodic Stimulating (APS, Medtronic,
Jacksonville, Florida, USA) accessory. The APS electrode was wet before to facilitate its sliding onto
the VN. We proceed with the median approaches to the VN, i.e. in between the sternothyroid and
thyroid gland. The APS was positioned gently on the VN after opening the carotid sheet by a 2cm
pouch. Careful 360° dissection-of the VN with Maryland forceps is required. To prevent VN thermal
injuries, energy based devices were avoided. The APS electrodes were then repose gently on the VN.
During VN dissection and after the C-IONM electrode was placed, the VN was stimulated repeatedly
by means of the intermitted stimulating probe, proximally and distally to the location of APS, to
verify whether the dissection or electrode placement determined VN injury. After connecting the APS
electrode with the monitor system, baselines for the latency and amplitude of the evoked response
were calibrated automatically to serve as control data. Stimulation frequency for C-IONM was set for
every second, thus evaluating the entire RLN constantly. The amplitude and latency waveforms were
displayed separately, and an upper limit threshold for the latency (+10%) and a lower limit threshold
for amplitude (-50%) were depicted as separate alarm lines. In addition, acoustic and optical signals
alerted the surgeon when a preset threshold had been crossed or when the electrode had become

dislodged. Attempts were to keep the surgical field dry with a swab to avoid any artifacts and\or



signal shunting and\or dispersion. Removal of APS was performed by gently open and pull out the
pins.

1.2.7 Follow-up

Clinical, biochemical, ophthalmological and ultrasonographic follow-up was undertaken at 1,3, 6, 9
and 12 months after surgery, and then annually for 5 years. Biochemical evaluation consisted of
measurement of serum concentrations of TSH, fT3 and fT4 at each visit, and serum TBII levels yearly
[7]. Ophthalmological examination was carried out once a year with assessment of the severity of
ophthalmopathy and the activity of the eye disease. All patients received postoperative levothyroxine
treatment. The levothyroxine dose was adjusted to keep the serum TSH concentration within the
reference range of 0.4—4.2 munits/l. The total serum calcium level (reference range 2.05 — 2.55
mmol/l) was measured 24 h after surgery and medical treatment was initiated if the concentration was
below 2mmol/l.

1.2.8 Outcomes measured

This retrospective study has been conducted to determine the outcomes of thyroidectomy for GD
performed with intermittent IONM (I-IONM group), compared to continuous nerve monitoring (C-
IONM group) and conventional technique without the use of neuromonitoring (control group). The
following RLN morbidities have been assessed: transient or definitive laryngeal nerve injury, uni- or
bilateral. RLN paralysis rates were calculated for nerves at risk (NAR). Pre- and postoperative
follow-up included vocal fold mobility check performed via laryngoscopy at 24—48 h before and in
a range of 1-2 days after the surgical procedure by an independent laryngologist. Any reduction in
the vocal cord movement has been recorded as postoperative vocal fold paralysis. For those patients
with documented postoperative VF palsy, repeated examinations were performed periodically at 1,
2,4, 6, and 12 months after the operation until a full functional recovery had been confirmed usually.
1.2.9 Theory/calculation

The study was not powered for any outcome. There was no randomization per group. The distribution

by group depended on the availability in the operating room of the I[IONM or C-IONM accessories.



The non-availability of the I-IONM or C-IONM was contingent on: economic (annual resources
completed), lack of stocks, non-procurement, temporal criteria (C-IONM is applied in our
Department since 2011). All data for continuous variables have been expressed as median and range
(unless otherwise specified). All patients’ data has been collected with a dedicated electronic
Microsoft Office Access Data Base (Microsoft Corp, Redmond, Wash). The use of this database for
clinical research has been approved by our institutional review board. The primary outcome measure
has been RLN morbidity. Statistical analysis has been performed using SPSS; release 15.0 for

Windows (SPSS Inc, Chicago-Ill, USA). The level of significance has been set at P less than 0.05.

1.3 RESULTS

1.3.1 Data Collection Analysis

The distribution by subgroup depended on the resources in the operating room of the neuromonitoring
accessories (Table 1). On the basis of selection and exclusion criteria, 209 patients constituted the
review (Figure 1). This series included 79 men and 130 women, aged 12—58 years (median 40 years).
Overall, 80 (38.2%) patients underwent surgery because of their poor response to antithyroid drugs,
34 (16.3%) large goitre with compression, 34 (16.3%) ophthalmopathy, 21 (10%) need for higher
doses, 29 (14%) recurrence upon treatment discontinuation, 3 (1.4%) poor patient compliance, 8
(3.8%) suspicious. thyroid nodule (the reasons for the surgery can be multiple). The un-monitored,
intermitted group and C-IONM group composed of 55, 82 and 72 patients respectively. Complete
follow-up was available for all patients. The number of NAR were 110, 164, 144 per group.

1.3.2 Comparative Study for Clinical and Operative Findings

Table 2 summarise the 3 groups regarding the distribution of epidemiological characteristics, the
thyroid pathology, mean weight of the thyroid. There were no significant differences in baseline
characteristics between the 3 groups. [[IONM and C-IONM procedures were performed successfully
and there has been no instances of equipment malfunction. The I-IONM group had shorter operating

times (P=0.032). No mortality was observed. The comprehensive morbidity rate was 34%, 20% and



20.8% in the control, I[IONM and C-IONM group respectively (P=0.052). The rate of transient RLN
palsy was 2.7% in the C-IONM group, 3.6% in [[IONM and 5.4% in the control group (P=0.058).
One bilateral vocal cord paresis occurred in control group. EMG profiles data for RLN injuries are
presented in Table 2. Mechanism of RLN injury is unknown for the control group. Mechanism of
injury for the nerve monitoring groups was elucidated in 4/6 (66%) nerves in the [-IONM group, 3/4
(75%) in the C-IONM group respectively. There were 9 RLN traction injuries overall, and one
compression lesion in the [-IONM group. All injuries were segmental lesions. One case of permanent
RLN paralysis in control group and none when using monitoring technology. No difference in regard
to hypoparathyroidism (Table 2).

1.3.3 Consequences and Follow-up

Mean length of follow-up was 54+5.4months. The proportion of complete procedures (total or near
total resections) was significantly in favour when using [-IONM or C-IONM (P=0.049). In two
patients with RLN injury of the I-IONM group, the identity of injured nerve was confirmed
intraoperatively through a negative series of signals generated by the machine by stimulating both the
right RLN and vagus nerve. These patients were scheduled for a total thyroidectomy. The procedure
was stopped after the first side lobectomy. Postoperative follow- up of these cases included direct
laryngoscopy performed at 48 h after the surgical procedure that confirmed a reduction in the
movement of the respective right vocal folds. A repeat examination was performed at 1, 2, 4 months
after the operation until full recovery of vocal cord function was confirmed after logopedy. Mean
time recovery for nerve injuries is reported in the Table 2. Statistics revealed no significant differences
for time recovery period per group analysis (Table 2). One patient was programmed for completion
right thyroidectomy 3 months after the first operation (stage thyroidectomy). The second patient, after
multidisciplinary discussion, was submitted for remnant ablation. Thus, 2/10 (20%) palsies occurred
first side of resection. During the follow-up period, recurrent hyperthyroidism was diagnosed in 1
patient of control group (subtotal resection), none in the [-IONM or C-IONM group. There were no

differences in serum TSH concentration between groups during the follow-up (data not shown).



Persistent positive serum TBII values, related to residual thyroid tissue, were found in 25 (45%), 25
(30%) and 20 (27%) patients at 12 months in the control, [-IONM and C-IONM groups respectively

(P = 0,04).

1.4 DISCUSSION

This study has low level of evidence and recommendation according to evidence-based criteria [16,
17]. It is delicate to propose to patients to be enrolled into a prospective randomized trail which
analyzes surgical technique or any accessory to it. Further studies should be performed in order to
support and confirm our results. Perhaps, the power of the study is that both groups of patients
performed routine pre- and postoperative laryngoscopy. Pre- operative and postoperative
laryngoscopy allow for objective evaluation of RLN morbidity, and is important in improving
outcomes of individual surgical performance, and quality control of the surgical practice [18-21]. It
is of even increasing importance while using IONM technology as there are some minimum
requirements for optimal intraoperative neural monitoring which involve not only vagal nerve
stimulation before and after dissection but also pre- and postoperative laryngoscopy [20]. Laryngeal
examination is reference for IONM. Our clinical results demonstrate that monitoring is an effective
technology in high-risk thyroid procedures such as GD. The overall RLN morbidity tended to be
lower using IONM (P=0.058). Barczynski in 2009 [4] prospectively demonstrated that the prevalence
of transient RLN paresis was 2.9% lower in high-risk patients undergoing surgery for cancer
thyrotoxicosis, and thyroiditis patients, who received nerve monitoring. A multivariate logistic
regression analysis confirmed that the use of IONM decreased the rate of postoperative transient
(P=0.008) and permanent (P =0.004) RLN palsies by factors of 0.58 and 0.30, respectively [3]. Early
identification and exposure of RLN reduces the risk of RLN injury. IONM can locate the RLN before
visual confirmation and is associated with a nerve identification rate near 100% [3, 4]. The

identification of the laryngeal nerves can be difficult in patients undergoing operations for



hyperthyroidism [1]. For this reason, the IONM can be used to detect the correct position of the RLN
(before visual confirmation early at the beginning of the procedure), stimulating via the probe the
overlying tissue of the tracheo-esophageal groove. Due to its small flexible non-traumatic tip, the
stimulating probe itself has the function as a nerve hook-dissector instrument: once nerves are
identified and mobilized, the surgeon can curve, shape and hook the nerves proximally with the probe
tip to gently enhance the working space and the plain of dissection or to carefully ease the nerve from
a coagulating point [11-15], even more with a continuous neurophysiologic confirmation of the nerve
to allow complete and secure thyroid and lymph node resection. In this study, the proportion of
complete procedures (total resections) was significantly in favour when using [-IONM or C-IONM
(P=0.049). Persistent positive serum TBII values were found in 45%, 30% and 27% patients at 12
months in the control, I-IONM and C-IONM groups. respectively (P=0,04). Recent consensus
guidelines have recommended more extended surgery for GD, i.e., total thyroidectomies [19-27].
Most of the difficulties in performing a total thyroidectomy for GD occurs with the separation of the
thyroid tissue in the region of Berry’s ligament [19]. This surgical step is a frequent source of
accidental injury to the RLN and incompleteness of resection [9, 10]. Therefore, the surgeon requires
vigilance, optimal exposure and continuous neurophysiologic confirmation of a visually intact nerve
during dissection of the RLN at Berry’s ligament to allow complete and secure resection to achieve

a true total thyroidectomy [18].

1.5 CONCLUSIONS

In conclusion, we evaluate the role of IONM for thyroidectomy performed in Graves’ disease (GD)
with emphasis on RLN management and completeness of resection. RLN morbidity tended to be
lower using monitoring technology: 2.7% in the C-IONM group, 3.6% in I-IONM and 5.4% in the

control group (P=0.058). The proportion of total or near total resections was significantly higher when



using IONM (P=0.049). Persistent positive serum TBII values were found in 45%, 30% and 27%

patients at 12 months in the control, [[IONM and C-IONM groups respectively (P=0,04).
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» Declined enrolment (n.1)

s * Refereed from other Hospital (n. 6)
* Incomplete follow-up (n.3)

* Preoperative RLN palsy (n.1)

¢ ASA grade IV (n.1)

\ 4

Patients evaluated (n.209)

[-IONM (n.82) C-IONM (n.72) Control Group (n.55)
P
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FIGURE LEGENDS

Figure 1. Flow-chart of retrospective patients selection process and analysis. GD was confirmed in

20.4% of overall surgeries (n.1.102).

GD: Graves disease
[-IONM: intermitted neural monitoring group
C-IONM: continuoius neural monitoring group

RLN: recurrent laryngeal nerve



ASA: American Society of Anesthesiologists (ASA) physical status classification system
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TABLE LEGENDS

Table 1. Non-availability of [ONM and/or C-IONM accessories. The subgroup distribution
depended on the resources in the operating room of the neuromonitoring accessories (2009-2014).

Table 2. Analysis for Demographics, Clinical, Laboratory and Operative Findings of the study

participants
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Table 1. Non-availability of IONM and/or C-IONM accessories. The subgroup distribution
depended on the resources in the operating room of the neuromonitoring accessories (2009-2014).

LimitegfinTgyal Finite stocks Non-procurement
Non-availability budget o P o
IONM (n.55) 20 (36) 20 (36) 15 (27)
C-IONM* (n.40) 25 (62.5) 10 (25) 5(12.5)

* C-IONM was applied since 2011
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Table 2. Analysis for Demographics, Clinical, Laboratory and Operative Findings of the study

participants
Variable/ Control I-IONM C-10NM
(reference values) Group N. 82 N.72 Py
v N. 55 '
Gender (M/F) 1:1.6 1:1.7 1:1.6 0.283
Age at diagnosis (years) 40+5 (15-58) 3943 (18-53) 3843 (12-53)|  0.07




23.543 (17-

BMI (Kg/m?) 24.5+3 (16.5-38) 24.9+4 (18-40) 39) 0.126

Smoking status 10 (18) 22 (26) 20 (27

Yes 45 (82) 60 (73) 27) | 0.189

No ( 52 (72)

Thyroid disease duration

- <I year 5(9%) 8 (9%) 6 (8%) 0.17

- >1 year 50 (91%) 74 (91%) 66 (92%)

hTSH levels (0.55-4.78 mIU/1) 2.62+0.48 2.45+0.72 2.35+0.6 0.13

Free T3 (2.3-4.2 pg/ml) 3.05+0.30 3.0+0.38 2.9+0.28 0.79

Free T4 (0.76-1.4 ng/dl) 1.9340.13 1.2+0.1 1.93+0.13 0.29

hTg (3-40ng/ml) 19.3£2.1 20.1+0.9 25.2+1.9 0.07

Preoperative TBII level (units/l) 11.2+0.22 12.1+0.1 10.1+0.1 0.2

TBII levels at 12 months after

Positive y ‘ ¢ 0

Negative 46 78 68

Procedure performed

-Total thyroidectomy 45 (81) 77 (93) 69 (95) 0,049

- Near total thyroidectomy 9 (16.3) 5(6) 34.1) '

- Subtotal thyroidectomy 1(1.8) 0(0) 0 (0)

Duration of surgery (min) 63+5 (49-140) 43+4 (35-100) 5244 (45- 0.032
220)

Thyroid volume (grams) 43.1210.8 (16-50) | 47.948.8 (7-70) |7 '9i571'§; (154 6,09

Parathyroid found in pathological 3 (5.4) 5(6) 3(4.1) 01

report

Histology 54 (98 81 (99

- Benign 1 (g 8)) 1 (g 2)) 70 (96) 0.17

- Malignant ' ' 2(27)

Hospital stay (days) 2.6+£0.4(2-7) 2.3+0.3(1-5) 2.4+0.3(1-5) 0.145

Hypoparathyroidism transient 10 (18) 12 (14) 12 (16) 0.086

Hypoparathyroidism definitive 1 (1.8%) 1(1.2) 0.57




&ng:;ff““e“t 6/110 (5.4) 66436y | V@D s
gILAN;:;i:ﬁmtlve 1(0.9) i _ i
Bilateral RLNP 1(1.8) - - -
RLNP time recovery (months) 2 (1-12) 2 (1-4) 2 (1-4) 0.8
RLNP EMG amplitude data (uV) i R43+120 791£55

M . 50410 y ALl
V2

Wound hematoma 1(1.8) - - -
Bleeding ° - 1(1.2) -
Seroma 2(3.6) - - -
Wound infection - - 1(1.3) -
Mortality - - - -
Overall morbidity (total ") 19/55 (34) 17/82 (20) 15/72 (20.8) | 0.052

Patients groups are described in the “Methods” section

~Data are given as mean number, & standard deviation (percentage, range) of patients

Blood examinations were tested preoperatively, <1 months before surgery

BMI: body mass index

hTSH: human thyroid-stimulating hormone

T3: triiodothyronine
T4: thyroxine

TBII level (units/l): thyrotropin-binding inhibitory immunoglobulin

hTg: serum thyroglobulin

RLNP: recurrent laryngeal nerve palsy

EMG: electromyography

« Numbers are give as number (percentage) of nerves at risk

NAR: nerves at risk

°Bleeding required re-intervention

T Student’s ¢ test.

M C-IONM + [-IONM vs. Control group
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Standardized neural monitoring represent a support for safety dissection of the recurrent laryngeal nerve

and completeness of thyroid gland excision in Graves’ disease surgery

Prevent
bilateral
- RLN injury

Documentation

[-IONM: intermitted intraoperative neural monitoring
C-IONM: intermitted intraoperative neural monitoring
RLN: Recurrent laryngeal nerve



