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Abstract

Aim: Hypocalcemia is the most common complication after thyroidectomy, and recurrent
laryngeal nerve (RLN) injury is the most serious complication. In this study, we aimed to
investigate the effect of intraoperative nerve monitor (IONM) use on postoperative RLN
injury and hypocalcemia in a uniform low-variability group.
Materials and Methods: Between April 2007 and December 2020, data of patients who
underwent surgery due to benign thyroid disease were retrospectively analyzed. Patients
under 18 and over 65 years of age, having no euthyroid status during surgery, and having
neoplastic pathologies were excluded from the study. A total of 428 patients were included
in the study and were divided into two groups. There were 313 patients in Group 1 (non-
IONM group) and 115 patients in Group 2 (IONM group). The correlation of the use of
IONM with postoperative RLN injury and hypocalcemia was analyzed.
Results: There was no permanent vocal cord paralysis. Of the patients, transient vocal
cord paresis was seen in 0.61%, transient hypocalcemia in 8.1%, and permanent hypocal-
cemia in 3.9%. There was no statistically significant difference between the groups regard-
ing RLN injury; however, there was a significant difference in hypocalcemia between the
groups (p=0,008).
Conclusion: Our study results suggest that IONM use does not significantly reduce the
risk of RLN injury, but decreases hypocalcemia, which is one of the most common com-
plications of thyroid surgery, in patients with benign disease undergoing thyroid surgery.
Further prospective studies in larger patient series are needed to investigate the IONM use
considering pathological examination results, surgical techniques, and demographic data
of patients.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Hypocalcemia is the most common complication after thy-
roidectomy, and recurrent laryngeal nerve (RLN) injury is
the most serious complication [1]. Hypocalcemia incidence
after thyroidectomy is 1.2% to 40% [2]. Iatrogenic excision
of the parathyroid glands or decreased blood supply after
traumatic dissection during surgery may play a role in the
etiology of hypocalcemia. Recurrent laryngeal nerve in-
jury is a well-known cause of morbidity in thyroid surgery.
Injury mechanisms may be traction, compression, or direct
trauma to the nerve.
The use of an intraoperative nerve monitor (IONM) en-
ables the identification of the RLN prior to visualization
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during surgery and the evaluation of the RLN’s functional
integrity following surgery [3]. In order to prevent vocal
cord palsy, use of IONM is advised, particularly in cases
of revision surgery, bilateral surgery, and pre-existing RLN
paralysis (4). In addition, IONM may provide gentle dis-
section and easier detection of RLN. This tissue-respectful
surgery may provide lower hypocalcemia in patients un-
dergoing thyroid surgery. The benefits of routine IONM
use, in patients with benign thyroid disease, are still up
for debate today. Despite early enthusiasm for IONM, the
majority of studies have been unable to demonstrate a sig-
nificant difference in the incidence of RLN injury between
IONM and visualization alone [4].
In a recent meta-analysis, the prevalence of RLN injury
was reported as 2.8 to 9.8% [4]. On the other hand, the
prevalence varies, ranging from 0.3% to 38% in the litera-
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ture [3]. The reasons for the variation in the RLN injury
in previous studies can be attributed to the differences in
the definition of injury, the focus of previous studies on
risk groups only, the use of data from large-volume cen-
ters with a low complication rate, variations in surgical
techniques, and statistical analysis procedures applied [3,
5]. With a study that minimizes the number of variables,
the relationship between IONM use and RLN damage may
be shown more clearly.
In the present study, we aimed to investigate the effect
of IONM use on postoperative RLN injury and hypocal-
cemia, particularly in a uniform group with low variability
in benign thyroid diseases, in which total thyroidectomy
or loboisthmectomy was performed by a single experienced
surgeon.

Materials and Methods

This study was conducted at the ear, nose and throat and
general surgery clinics of Private Davraz Yaşam Hospi-
tal between April 2007 and December 2020. In order to
determine the sample size, it was decided to screen the
surgeries retrospectively, between the time the senior sur-
geon started working in the clinic and the ethics committee
approval date.

Ethical considerations

The study protocol was approved by the Süleyman
Demirel University Clinical Research Ethics Committee
(27.11.2020-375). A written informed consent was ob-
tained from each patient for all diagnostic and therapeutic
procedures. The study was conducted in accordance with
the principles of the 1964 Declaration of Helsinki and its
later amendments.

Study design and population

The main inclusion criteria were: (1) unilateral loboisth-
mectomy or total thyroidectomy in a male or female pa-
tient; and (2) the presence of benign thyroid disease, in-
cluding multinodular goitre and thyroiditis. The main ex-
clusion criteria were: (1) pre-operative laryngeal palsy;
(2) thyroid cancer (except tumor size <1 cm incidental
papillary microcarcinoma); (3) lymph node dissection; (4)
goitre with cervicothoracic or toxic goitre and complemen-
tary surgery; (5) Graves’ disease; (6) having no euthy-
roid status during surgery; and (7) patients under 18 and
over 65 years of age. All patients received the following
pre-operative assessments: ultrasound examination of the
neck, assays for serum thyroid-stimulating hormone and
calcitonin levels, and indirect laryngoscopy. According to
the inclusion and exclusion criteria, 428 of 552 patients op-
erated by a single experienced surgeon were included in the
study. The senior surgeon started to use IONM after Jan-
uary 2015. Before this date, visualization only technique
was used. Patients were retrospectively assigned to one of
two groups using an ordinal allocation based on the date
IONM was introduced for randomization. The patients
were divided into two groups according to the IONM use
during surgery. There were 313 patients in Group 1 (non-
IONM group) and 115 patients in Group 2 (IONM group).
The primary outcome variable of this study was the use

of IONM in a uniform patient group with benign thyroid
disease. The primary endpoint variables were hypocal-
cemia and vocal cord paralysis. The medical records of
the patients were reviewed and the relationship between
RLN injury, hypocalcemia, and IONM use during thyroid
surgery was investigated.

Surgery technique
All patients were operated under semi-fowler position with
a low collar skin incision under general anesthesia. Sub-
cutaneous tissue and platysma were incised, and the strap
muscles were retracted laterally. Hemostasis was achieved
using the LigaSure Precise™ (LigaSure Vascular Sealing
System; Covidien LP, MA, USA) and the upper thy-
roid poles were tied with 2/0 silk sutures. The RLN
was visualized in the tracheoesophageal groove in all pa-
tients. Loboisthmectomy was completed after resection of
the tracheal ligamentous connections. In total thyroidec-
tomy, these steps were applied for both sides. A negative-
pressure Hemovac drain was used in all patients. An
endotracheal-based system (Dr. Langer Medical GmbH,
Germany) was used to visualize bilateral thyroarytenoid
muscles. Neural stimulation (1.5 mA and 100 mV thresh-
old) was performed with a disposable probe. The signal
from RLN was acquired from the tracheoesophageal groove
and retested after complete dissection.

Data collection and assessment
Demographic characteristics, peri- and postoperative data
of the patients were recorded. Vocal cords were exam-
ined by an ear, nose and throat specialist, preoperatively
in all patients and if there was a high index of suspicion
for postoperative complaints such as hoarseness, with a
rigid endoscope. Permanent vocal cord paralysis was de-
fined as an ongoing complaint for more than six months.
Transient hypocalcemia was defined as a serum calcium
concentration lower than 8.0 mg/dL for shorter than six
months. Oral calcium ± vitamin D supplements and in-
travenous cal¬cium gluconates were used to treat hypocal-
cemia. Data regarding postoperative RLN injury and
hypocalcemia were compared between the groups to in-
vestigate a statistically significant correlation.

Statistical analysis
Statistical analysis was performed using the SPSS version
20.0 software (IBM Corp., Armonk, NY, USA). Descrip-
tive data were expressed as mean ± standard deviation
(SD) or number and frequency, where applicable. Contin-
uous variables were analyzed using the independent sam-
ples t-test, while categorical variables were analyzed using
the chi-square test. The Fisher exact test was used to ex-
amine the association between the variables. A p value of
<0.05 was considered statistically significant.

Results
Of a total of 428 patients included in the study, 313 (608
nerves under risk) were in Group 1 and 115 (224 nerves
under risk) were in Group 2. Demographic characteristics
of the patients and the type of surgery are shown in Table
1.
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Table 1. Demographic data of the patients and type of
surgery.

Group 1
(n=313)

Group 2
(n=115)

p

Age (Mean/SD) 43±11.4 45±11.2 0.098
Sex (M/F) 62/251 26/89 0.525
Total thyroidectomy
(n,%)

295, (94) 109, (95) 0.832

Loboisthmectomy
(n,%)

18, (6) 6, (5) 0.832

NUR (n,%) 608 224

* p < 0.05; NUR: Nerve Under Risk, M: Male, F: Female,
SD: Standard Deviation.

Table 2. Distribution of pathologies.

Pathology Group 1
(n, %)

Group 2
(n, %)

p

MNG 260 (83) 92 (80) 0.512
MNG + Hashimoto
thyroiditis

25 (8) 13 (11) 0.285

Hashimoto thyroiditis 25 (8) 8 (7) 0.723
Hrthle cell adenoma - 1 (1) NA
DeQuervain
thyroiditis

3 (1) - NA

Follicular adenoma - 1 (1) NA
Total (n) 313 115

* p < 0.05; MNG: Multinodular Goiter; NA: Not Available.

Table 3. Distribution of complications.

Complication Group 1
(n, %)

Group 2
(n, %)

p Total
(n, %)

Transient VC
paresis

4, (0.6¥) 1, (0.5¶) 0.592 5, (0.6)

Hypocalcemia 46, (15) 6, (5) 0.008* 52, (12)
Transient 32, (10) 3, (2.6) 0.011* 35, (8.1)
Permanent 14, (4.4) 3, (2.6) 0.77 17, (3.9)

Hematoma - 1 NA 1

* * p < 0.05; VC: Vocal cord, NUR: Nerve Under Risk, ¥: NUR=608,
¶: NUR=208, NA: Not Available.

The distribution of pathologies is given in Table 2. In
Group 1, Hashimoto thyroiditis was present in 25 patients,
a papillary microcarcinoma in 12, palpation thyroiditis in
one, and de Quervain thyroiditis accompanied by multin-
odular goiter (MNG) in one, and papillary micro carcino-
mas accompanied by Hashimoto thyroiditis in three pa-
tients. In Group 2, 13 patients had Hashimoto thyroidi-
tis, seven had papillary microcarcinomas accompanied by
MNG, and one had follicular adenoma accompanied by
Hashimoto thyroiditis. The overall incidental papillary mi-
crocarcinoma incidence was 5%.
In Group 1, one of the 18 patients who underwent loboisth-
mectomy had transient hypocalcemia. There was no other
complication in the patients who underwent loboisthmec-

tomy in Group 2. Permanent vocal cord paralyses were
not observed in both groups. Distribution of complica-
tions in both groups are summarized in Table 3. However,
there was a statistically significant difference in the rate of
transient hypocalcemia between the groups (p=0.011).

Discussion

In the present study, we investigated the effects of IONM
use on postoperative RLN injury and hypocalcemia. Our
study results showed that hypocalcemia was statistically
significantly lower in the IONM group. The same parathy-
roid gland preservation technique was used in all patients,
and there was no parathyroid gland autotransplantation
procedure in any of the groups.
In previous studies, the incidence of postoperative
hypocalcemia is reported as 1.2 to 40% in thyroidec-
tomy and 11.2% in surgery for benign thyroid diseases [2,
6]. In our study, hypocalcemia was 12%, consistent with
the literature. During surgery, iatrogenic damage to the
glands or their blood supply or unintentional excision of
the parathyroid glands may cause postoperative hypocal-
cemia. On the other hand, there is a limited number of
studies investigating hypocalcemia and IONM use in the
literature. Cozzani et al. [7] reported reduced hypocal-
cemia with IONM use, although not statistically signifi-
cant, and Demiryas et al. [8] reported a statistically sig-
nificant lower rate of hypocalcemia with IONM use. In
a review, Paduraru et al. [2] found that the gentle ma-
nipulation of parathyroid glands and their vessels during
thyroidectomy represented a key approach to preventing
postoperative hypocalcemia. We believe that the use of
IONM may provide gentle dissection and easier detection
of RLN. This tissue-respectful surgery may provide lower
hypocalcemia in patients undergoing thyroid surgery for
benign diseases.
Total thyroidectomy is recommended for the treatment of
benign thyroid diseases with a low recurrence and compli-
cation rate [9,10]. In our clinic, total thyroidectomy has
been widely used as the treatment of choice for the treat-
ment of benign thyroid disease since 2007. Since the first
utilization of IONM in 2016, total thyroidectomy has be-
come the preferred surgery option. The effect of IONM
use on RLN injury has been the subject of several stud-
ies. However, the relationship between them has not been
clearly elucidated yet. In recent studies, as many patients
as possible have been included to obtain more reliable re-
sults [3,11,12]. However, the results of multi-center studies
and studies involving large numbers of patients are still
contradictory, possibly due to the large number of vari-
ables. Therefore, we examined the effect of IONM use on
RLN injury in patients operated for benign disease by a
single experienced surgeon, as we hypothesized that deter-
mining the effect of IONM use on RLN injury in a patient
group with low variability could give us a reliable result.
In the literature, there are studies indicating a decline in
transient vocal cord paresis [13-15] and permanent vocal
cord paralysis [16] with the use of IONM, while some au-
thors have shown no statistically significant difference [17-
20]. In our study, the rate of RLN injury was 0.6%, and
it was not statistically significantly decreased with the use
of IONM in Group 2. Our findings are consistent with the
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prospective, randomized study of Barczynski et al. [10]
Although a recent study reported that the use of IONM
in thyroidectomy for benign diseases did not reduce RLN
injury, total thyroidectomy was not preferred in this study
[21].
In a meta-analysis, Pisanu et al. [18] reviewed 20 stud-
ies including 35.513 nerves under risk and compared thy-
roidectomy with and without IONM. In this meta-analysis,
no statistically significant difference was observed in the
incidence of RLN injury with the use of IONM versus
visualization alone during thyroidectomy. However, the
authors reported that these results must be approached
with caution and drew attention to the study conducted
by Dralle et al. [22] in which a detailed subgroup analy-
sis was performed and a significant reduction was found
in the incidence of permanent RLN palsy in low-volume
surgeons. Then, Pisanu et al. [18] concluded that fur-
ther high-quality, multi-center, prospective, randomized
studies using strict criteria of standardization and sub-
sequent clustered meta-analysis were required to confirm
these findings. Although our study has a retrospective de-
sign, we believe that our work may increase awareness on
the standardization of the variables and the importance
of subgroup analysis while reporting the effects of IONM
use during thyroid surgery on RLN injury. In the meta-
analysis of Bai et al. [23] in which the results were analyzed
in subgroups to obtain more reliable results by reducing
the variables, the risk of RLN injury in bilateral thyroid
operations significantly decreased with the use of IONM.
However, in this meta-analysis, the indications for bilat-
eral operations were not reported.
In their unique meta-analysis, Brandon et al. [5] reported
that IONM did not achieve a significant decline in the
rate of RLN injury and concluded that most recent devel-
opments of IONM technology, including continuous vagal
IONM and the concept of staged thyroidectomy in case
of loss of signal on the first side to prevent bilateral RLN
injury, could provide additional benefits. Consistent with
these findings, we also consider that, in studies conducted
with the adoption of staged thyroidectomy, the number
of loboisthmectomy and total thyroidectomy should be
given together, as in our study, to avoid bias. The sur-
geon may prefer loboisthmectomy rather than the initial
surgical plan, if there is a signal loss during total thyroidec-
tomy to prevent bilateral nerve injury.
The main limitations of this study are its single-center,
retrospective design with a small sample size. Also, the in-
ternational guidelines for intraoperative nerve monitoring
only accept the results from studies using routine pre- and
postoperative laryngoscopy [24]. The presence of hoarse-
ness, or only if the patient has hoarseness, performing
laryngoscopy cannot be accepted as a valid evaluation of
paralysis. However, it should not be ignored that the rate
of paralysis in this study is consistent with the literature.
Another limitation is the possibility of a decrease in the
frequency of hypocalcemia with the increased experience
of the surgeon after 2007. Of note, the surgeon who per-
formed all surgeries was already a senior surgeon with a
15-years of experience in 2007, which reduces this possi-
bility.

Conclusion

In conclusion, although the use of IONM did not signifi-
cantly affect the RLN injury rates, it reduced postopera-
tive transient hypocalcemia, which is the common compli-
cation of thyroid surgery, in patients with benign disease
undergoing thyroid surgery. The use of IONM may pro-
vide gentle dissection and easier detection of RLN. This
tissue-respectful surgery may yield lower hypocalcemia in
patients undergoing thyroid surgery for benign disease. In
further studies, while reporting the effects of IONM use
in RLN injury during thyroid surgery, standardization of
variables and examination of subgroup analyses may pro-
vide more reliable results, instead of including as many pa-
tients as possible, which causes heterogeneity. Thus, fur-
ther standardized, well-designed, large-scale, prospective
studies using subgroup analysis are needed. Also, we em-
phasize the importance of giving the number of loboisth-
mectomy and total thyroidectomy together to avoid bias
in such studies.
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