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Abstract

Objective: Compare the effect of the use of Intraoperative Nerve Monitoring (IONM) device
on postoperative hypocalcemia that may develop postoperatively in the patient groups with and
without the use of IONM device.

Methods: Demographic data, radiologic imaging reports, serum biochemistry values, pathology
reports, duration of surgery, IONM reports, and surgical records of the records of 612 patients who
underwent total thyroidectomy by the same surgical team between January 2013 and January 2021
were reviewed.

Results: Of the 612 patients who underwent total thyroidectomy, 440 patients who met the criteria
were included in the study. Total thyroidectomy was performed in 342 (78%) patients without IONM
device and 98 (22%) patients with IONM device. Of the patients, 363 (82.5%) were female and 77
(17.5%) were male. The mean age was 49.2 years (20-87) and the mean length of hospitalization was
1.48 (1-5) days. Significant amplitude values were obtained at an average of 34.7 min after incision.
The mean postoperative 24™-h biochemical calcium value was 8.93 mg/dL (6.15-10.9), 9.05 mg/dL
(6.15-10.9) in patients without IONM and 8.5 mg/dL (6.6-10.6) in patients with IONM.

Conclusion: The use of IONM in thyroid surgeries, calcium values may decrease and the risk of
hypocalcemia may increase due to the prolongation of the time until amplitude acquisition from the
nerve and the increase in manipulations in the surgical area until the nerve is detected.

Keywords: Thyroidectomy; Hypocalcemia; Intraoperative nerve monitoring; Recurrent
laryngeal nerve

Introduction

Thyroidectomy is the most commonly performed endocrine surgery worldwide for benign
and malignant thyroid diseases. Despite the technical advances in thyroid surgery in recent years,
Recurrent Laryngeal Nerve (RLN) injuries and associated permanent and transient nerve damage
can impair the patient's quality of life, cause complications ranging from hoarseness to respiratory
distress requiring tracheostomy, and impose medico-legal responsibilities on the surgeon.
Temporary nerve damage is seen in 5% to 8% of cases, while permanent damage is seen in 0.3% to
3% of cases. Intraoperative RLN injuries develop due to nerve cutting, nerve suturing, nerve traction,
aspiration, compression, contusion, applied pressure, ischemia during tissue skeletonization,
and electrothermal injuries [1,2]. Receiving radiotherapy, recurrent surgeries, Graves' disease,
thyroiditis, large thyroid size, and retrosternal extension increase the risk of nerve injury [3].
Intraoperative Nerve Monitoring (IONM) has found widespread use all over the world to reduce
nerve injuries, visualize the nerve, and determine intraoperative and postoperative treatments with
information about its function [4] (2-13). It has found widespread use among endocrine surgeons
in the last two decades, especially in terms of revealing the nerve, reducing transient nerve paralysis,
and eliminating the risk of bilateral paralysis, and has changed surgical strategies [1].

The most common early complication after thyroid surgery is hypocalcemia [5]. It develops due
to disruption of the parathyroid gland blood supply, iatrogenic removal of the parathyroid gland,
interruption of venous drainage, dilutional hypocalcemia, or hungry bone syndrome. In studies,
transient hypocalcemia is observed with a rate of 19% to 38%, while permanent hypocalcemia
is observed with a rate of up to 3% [6]. In the literature, female gender, recurrent operations,
retrosternal location, advanced age, hyperthyroidism, malignant pathology, neck dissection, and
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large thyroid gland are blamed for the factors that increase the risk of
hypocalcemia after thyroidectomy. Apart from all these, prolonged
operation time and failure to protect the parathyroid glands during
surgery are also blamed for the development of hypocalcemia [7]. At
this point, it is likely that the use of the IONM device may predispose
to postoperative hypocalcemia since parathyroid gland functions
may be adversely affected due to the aforementioned reasons such as
prolonged operation time and increased manipulations.

The aim of our retrospective study in terms of complications after
thyroidectomy was to compare the effect of the use of IONM device
on postoperative hypocalcemia that may develop postoperatively in
the patient groups with and without the use of IONM device.

Material and Method

In our study, the records of 612 patients who underwent total
thyroidectomy by the same surgical team between January 2013 and
January 2021 in the General Surgery Clinic of Memorial Kayseri
Hospital were reviewed. The IONM device has been used in our center
since June 2018. Retrospective information was obtained from the
patients' clinical files and hospital automation systems. Demographic
data, radiologic imaging reports, serum biochemistry values,
pathology reports, duration of surgery, IONM reports, and surgical
records of the patients were analyzed. The approval of the study
was obtained from the Ethics Committee of Memorial Hospital. All
patients who underwent IONM were informed about the operation
and informed consent was obtained. Patients with previous thyroid
surgery, patients who underwent radical neck dissection, patients who
underwent unilateral total thyroidectomy and total complementary
thyroidectomy, and 172 patients with comorbidities that may affect
calcium values were excluded from the study. The surgical indication
was not considered to be benign or malignant. Of the 440 eligible
patients, 342 underwent thyroidectomy before the introduction
of the IONM and 98 after the introduction of the IONM. Thus, we
grouped the patients as those who underwent thyroidectomy without
IONM device and those who underwent thyroidectomy with IONM.
Homogeneous distribution was achieved between the groups in
terms of patient characteristics, type of surgery and diagnoses. All
patients underwent vocal cord examination preoperatively and 24 h
postoperatively. Postoperative 24"-h calcium values were recorded. A
calcium value below 8 mg/dl in the first 48 h postoperatively, tingling
in the perioral region and fingers, muscle cramps, and prolonged
QT interval on ECG were considered hypocalcemia. Asymptomatic
hypocalcemic patients received only oral calcium after discharge,
while symptomatic hypocalcemic patients received oral calcium
and active vitamin D. Patients who needed calcium and vitamin D
supplementation for more than two years were considered to have
permanent hypocalcemia and those who needed less than two years
of medical support were considered to have transient hypocalcemia

(8].

All patients were operated by the same surgeon experienced in
endocrine surgery (performing more than 100 thyroidectomies per
year) and his team, and surgical decisions were made according to
the 2015 American Thyroid Associations Guidelines [9]. We did
not estimate a learning period because the surgeon had been using
the IONM device for two years in another center. Patients were
operated in the supine position with shoulders elevated, head back,
and neck tense. All patients received a combination of inhalation
and intravenous anesthesia. Intubation was performed with a Nerve
Integrity Monitor (NIM) Standard Reinforced Electromyography

(EMG) Endotracheal Tube (Medtronic, Xomed, Jacksonville, FL,
USA) with surface electrodes. Intubation was performed by the same
anesthesia team to ensure the correct placement of the electrodes.
Electrode impedance was routinely checked.

Results

Of the 612 patients who underwent total thyroidectomy, 440
patients who met the criteria were included in the study. Total
thyroidectomy was performed in 342 (78%) patients without IONM
device and 98 (22%) patients with IONM device. Of the patients,
363 (82.5%) were female and 77 (17.5%) were male. The mean age
was 49.2 years (20-87) and the mean length of hospitalization was
1.48 (1-5) days. While this period was 1.42 days before the use of
IONM, this period increased to 1.7 days after the use of IONM. The
mean operative time was 118 minutes, which increased to 147 min
in surgeries using IONM and 109.6 min in surgeries without IONM.
Significant amplitude values were obtained at an average of 34.7
min after incision. While 93 (21%) of our patients were operated for
malignant pathology, the others were operated for benign reasons
such as nodular colloidal goiter, follicular lesion, and thyroiditis.
Among all our patients, only one patient (0.2%) in the non-IONM
group developed permanent vocal cord paralysis. Thyroid tissue
showed retrosternal extension in 32 (7%) of our patients, while 53
(12%) patients underwent central lymph node dissection. During
the follow-up period, 22 (5%) of our patients developed transient
hypocalcemia, which resolved after medical treatment. Demographic
data of the patientsare summarized in Table 1. The mean postoperative
24™-h biochemical calcium value was 8.93 mg/dL (6.15-10.9), 9.05
mg/dL (6.15-10.9) in patients without IONM and 8.5 mg/dL (6.6-
10.6) in patients with IONM. A statistically significant difference
was found between the groups in terms of calcium value, operation
time, and age (p<0.05). Calcium values were also compared between
groups according to whether the pathology was benign or malignant.
In the group without IONM device, calcium values were 9.3 mg/dL
(6.8-10.9) in patients operated for benign pathology and 8.7 mg/dL
(6.1-10.6) in patients operated for malignant causes. Calcium values
of 8.5 mg/dL (6.6-10.4) were observed in those operated for benign
pathology and 8.4 mg/dL (7.0-10.6) in those operated for malignant

Table 1: Demographic and other characteristics of the patients.

Demographic and Other Characteristics n=440 (%)

Age 49.2 (87-20)
Gender

Female 363 (82.5%)

Male 77 (17.5%)
Thyroid Pathology

Benign 347 (79%)

Malignant 93 (21%)
Retrosternal Extension

Yes 32 (7%)

No 408 (93%)
IONM

Yes 98 (22%)

No 342 (78%)
Central Lymph Node Dissection

Yes 53 (12%)

No 387 (88%)
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Table 2: Patient characteristics between groups.

Total IONM IONM-free| p-value
Count 440 98 342
Mean age 49.2 43.05 51 <0.001
Length of hospitalization (days) 1.48 1.7 1.42 <0.05
Operation time (minutes) 118 147 109.6 <0.001
Calcium values 24. h (mg/dL) 8.93 8.5 9.05 <0.001

pathology. Similarly, when calcium values were evaluated according
to whether the thyroid gland was located retrosternally between
the groups before and after IONM use, 9.2 mg/dL (6.1-10.2) was
found in patients with retrosternal extension of thyroid tissue in the
group without IONM and 9.2 mg/dL (6.3-10.9) in patients without
retrosternal extension. In the group using IONM device, calcium
values of 7.9 mg/dL (6.6-9.9) in patients with retrosternal extension
and 8.6 mg/dL (6.6-10.6) in patients without retrosternal extension
were reported. Statistically significant results were found when
calcium values were compared with benign or malignant pathology in
the group without IONM device (p<0.001). There was no significant
difference between the retrosternal extension of thyroid tissue and
calcium values between the groups with and without IONM device.
Similarly, no significant difference was found between the calcium
values of patients who underwent central lymph node dissection and
the groups with and without IONM device. A significant difference
was found between the groups in terms of length of hospitalization
(p<0.05). Comparative results of the groups are shown in Table 2.

Discussion

Total thyroidectomy is currently the standard surgical procedure
for many thyroid diseases. Although it is accepted as a safe method,
RLN injury that develops during thyroid surgery is considered as a
major complication of thyroidectomy because it negatively affects
the patient's postoperative quality of life and leads to medico-legal
problems [3]. Intraoperative RLN injuries develop due to transection
of the nerve, suturing of the nerve, nerve traction, aspiration,
compression, contusion, applied pressure, ischemia during tissue
skeletonization, and electrothermal injuries [1,2]. The largest
multicenter study was conducted in Germany on 16,000 patients
and it was reported that the use of IONM reduced the risk of nerve
injury [10-12]. Today, there is no doubt about the importance of
knowing the anatomy of RLN in thyroid surgery and its protection
during surgery. Despite all these advances, transient nerve injury
is seen in 5% to 8% of patients, while permanent damage is seen in
0.3% to 3% of patients [1,2]. IONM has been widely used all over
the world in recent decades to reduce nerve injuries, visualize the
nerve, and determine intraoperative and postoperative strategies
with information about its function [4]. Despite all these, the role
and benefits of IONM use in thyroid surgery remain controversial.
There is no consensus on the reduction in nerve injury rates in studies
and meta-analyses conducted after the introduction of the IONM
device [13,14]. However, a meta-analysis conducted in 2014 showed
a decrease in nerve injury rates [15]. In our study, permanent nerve
injury developed in only one patient in the control group, and no
permanent nerve injury was observed in the group using the IONM
device.

Hypocalcemia is the most common complication after thyroid
surgery and usually occurs in the first 24 h after surgery and may be
symptomatic or asymptomatic. If hypocalcemia develops, patient

satisfaction decreases, the length of hospitalization increases,
hospital costs increase and health resources are consumed. The
definition of postoperative hypocalcemia varies from study to study.
In some studies, parathormone serum levels, tetany, and clinical
symptoms are taken into consideration, while in others serum
calcium levels are based on laboratory reference ranges. Mathur et
al. have also shown that PTH levels are not safe in the evaluation
of postoperative hypocalcemia [16,17]. In the most recent studies,
transient hypocalcemia is observed in 19% to 38%, while permanent
hypocalcemia is observed in up to 3% [6]. In the study by Mahenna
et al,, the incidence of hypocalcemia in the same group was found
between 0% to 46% due to inconsistencies in these definitions [18].
Hallgrimsen et al. also reported an increase in transient hypocalcemia
due to prolonged operation time and enlargement of the dissection
area, especially in patients undergoing thyroidectomy for Graves'
disease [19]. In our study, transient hypocalcemia was observed in
only 22 (5%) patients with lower rates than those reported in the
literature. To date, there have been many studies investigating the
causes of hypocalcemia after thyroidectomy, but they have not been
fully clarified because of inconsistent definitions and heterogeneity
of the studies [20]. In our study, total thyroidectomy was performed
in all patients with the same technique by the same experienced
surgeon and anesthesia team to ensure homogeneity. At the same
time, conditions that may affect calcium levels such as retrosternal
extension, central lymph node dissection, and malignant pathology
werehomogeneouslydistributedamong the groups. In our comparison
between the groups, a significant decrease in postoperative calcium
values was observed in patients using the IONM device, possibly due
to prolonged operation time. The mean calcium value of 8.93 mg/dL
was 9.05 mg/dL in the group without IONM device and 8.5 mg/dL
in the group with IONM device. Dissection around the parathyroid
glands, dissections performed while identifying RLN, venous
stasis, and edema caused by ligation of thyroid veins may disrupt
parathyroid functions and cause hypocalcemia [21]. The hypothesis
we formed based on this, especially the time until the RLN is detected
with the IONM device (the time until significant amplitude occurs)
prolongs the total duration of the operation and increases the risk
of transient hypocalcemia because it will cause more tissue trauma,
tissue edema, and increased inflammation while trying to detect the
nerve. In our study, a significant difference was observed between
prolonged operation time and calcium values (p<0.001). Female
gender, recurrent operations, retrosternal localization, advanced age,
hyperthyroidism, malignant pathology, neck dissection, prolonged
operation time, failure to protect the parathyroid glands during
surgery, and large thyroid gland have been accused among the
factors that increase the risk of hypocalcemia after thyroidectomy [7].
Many studies have searched for an answer to the predisposition to
hypocalcemia after thyroidectomy in women, but although no clear
conclusion could be obtained, it was thought that the effect of sex
steroids on PTH secretion and genetic and anatomical differences
in cellular signal transduction pathways may be the cause [22]. The
importance of the surgeon's experience has also been emphasized.
Although female gender and advanced age have been reported as
risk factors in the development of hypocalcemia in meta-analyses, no
significant difference was found between advanced age and female
gender and the development of hypocalcemia in our study [23-25].
Malignant thyroid pathology has also been found to be effective
in the development of hypocalcemia [21]. In our study, when the
patients were divided into patients operated for benign pathology and
patients operated for malignant pathology, no statistically significant
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result was found when calcium values were compared between
patients with and without IONM device (p>0.05). When retrosternal
extension, which was also evaluated among the risk factors, was
compared with calcium values, no statistically significant result was
found between the group using IONM device and the control group.
However, statistically significant results were found when the length
of hospitalization and calcium values were compared between the
groups (p<0.05).

In light of this information, it is possible that the introduction
of IONM for the protection of the RLN may have an effect on
hypocalcemia due to the reasons mentioned above, such as
prolongation in the total duration of surgery and increased
manipulations in the period until the nerve fixation. Hallgrimsen
et al. reported that the risk of symptomatic transient hypocalcemia
increased in patients operated for Graves' disease and in patients with
prolonged operation time [19]. In other studies, on this subject, no
connection between the duration of surgery and hypocalcemia has
been shown [26-29]. In our study, we found that the mean time to
obtain amplitude after incision was 34.7 min. In terms of the time
to obtain amplitude, we divided our patients into groups with a
mean time to obtain the amplitude of less than 30 min (Group 1),
between 30 min to 60 min (Group 2), and more than 60 min (Group
3). While the calcium values of 24 patients in Group 1 and 36 patients
in Group 2 were close to each other (8.55 and 8.58, respectively), the
mean calcium value of 38 patients in Group 3 was 8.3. In our study,
a significant difference was observed between amplitude acquisition
time and calcium values in the 3™ Group (p<0.001). In light of our
knowledge to date, since there is no study examining the effect of
the use of IONM device on postoperative hypocalcemia in terms of
complications after thyroidectomy, we retrospectively evaluated the
factors that may cause a decrease in calcium values in patients with
and without the use of IONM device in line with our hypothesis.
We found that the use of IONM may have an increasing effect on
hypocalcemia, as the prolongation in the total duration of surgery as
well as the prolongation in the time until the nerve is detected will
bring increased manipulations.

When evaluated in terms of postoperative complications, many
publications have reported a decrease in complication rates with the
use of IONM. Barczynski et al. found a 2.9% decrease in early paralysis
rates in the high-risk group and a 0.9% decrease in the low-risk group
with the use of IONM [30]. Previous studies have also shown that
the use of IONM increased the visibility and identification of RLN
[31,32]. In our study, no permanent paralysis was observed in any of
our patients after IONM use, but permanent paralysis was observed
in one patient in the IONM-free group.

This study also has some limitations. Firstly, the number of
patients in the study group was less than the control group and not all
patient data could be accessed in a computerized environment due to
the retrospective nature of the study. In addition, the approach to vocal
cord examinations performed preoperatively and postoperatively
may be subjective. Because Gianlorenzo et al. emphasized in their
study that fiberoptic laryngoscopy is necessary for the detection of
postoperative vocal cord paralysis [33]. On the other hand, our study
is asingle-center study, all patients were operated by the same surgeon,
anesthesia technique was applied by the same anesthesia team and
intubated by the same anesthesia team. Patients with previous thyroid
surgery, radical neck dissection, unilateral total thyroidectomy, total
complementary thyroidectomy, and 172 patients with comorbidities

that may affect calcium values were excluded from the study to ensure
homogeneous distribution. Since calcium values may be affected by
malignant pathology, retrosternal extension, and central lymph node
dissection, homogeneous distribution of these patients in the groups
was ensured. In addition, the fact that the endocrine surgeon had
been performing operations with IONM in another center for more
than two years prevented any effect on the results that may occur due
to the learning curve. The fact that the blood values of the patients
were checked only on the first morning after surgery may have caused
early hypocalcemia that may develop in the first 48 h to be overlooked.
Therefore, it would be useful to check the electrolyte values in the
following days. Since magnesium values and thus chronic proton
pump inhibitors use may also have an effect on calcium values, these
should also be taken into consideration in further studies [34,35].
There have also been reports suggesting that preoperative calcium
values of patients may also affect postoperative hypocalcemia, but we
did not look at preoperative calcium values in our study [36].

Conclusion

The risk of hypocalcemia after thyroidectomy increases due to
prolonged operation time, retrosternal extension of thyroid tissue,
and thyroidectomy indication. In addition, the development of
hypocalcemia leads to prolonged hospitalization. Identification
of known risk factors before surgery may provide early diagnosis
and treatment for the development of postoperative hypocalcemia,
especially when there are conditions such as IONM use and surgical
technique that may prolong the duration of surgery. Loss of signal
or inability to receive the signal during IONM use is also a technical
issue that needs to be addressed. In our study, it was shown that with
the use of IONM in thyroid surgeries, calcium values may decrease
and the risk of hypocalcemia may increase due to the prolongation of
the time until amplitude acquisition from the nerve and the increase
in manipulations in the surgical area until the nerve is detected.

Further studies should be performed to establish standards on the
effects of IONM device use on hypocalcemia.
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