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Abstract: Background and Objectives: Laparoscopic adrenalectomy (LA) is the standard surgical
approach for adrenalectomy. At present, robotic adrenalectomy (RA) has been introduced at various
hospitals. This study evaluated our initial experience with robotic adrenalectomy compared with
conventional laparoscopic adrenalectomy. Materials and Methods: From October 2018 to March 2022,
56 adrenalectomies were performed by a single endocrine surgeon. Thirty-two patients underwent
LA (LA group), and twenty-four patients underwent RA (RA group). Results: Patients in the RA
group were significantly younger than those in the LA group (48.6 £ 9.7 years vs. 55.1 & 11.4 years,
p = 0.013). The RA group had a shorter operation time than the LA group (76.1 4 28.2 min vs.
118.0 + 54.3 min, p < 0.001). The length of hospital stay and postoperative pain level between the
two groups were similar. There were no complications in the RA group. There was no significant
difference in the pathologic diagnosis between the two groups. The cost of surgery was significantly
higher in the RA group than in the LA group (5288.5 US dollars vs. 441.5 £ 136.8 US dollars,
p <0.001). Conclusions: In our initial experience, RA showed a shorter operation time than LA and no
complications. RA could be a viable alternative surgical option for adrenalectomy, notwithstanding
its higher cost.

Keywords: robotic adrenalectomy; minimally invasive surgery; adrenal gland neoplasm; laparoscopic
adrenalectomy

1. Introduction

The adrenal glands are mustard-colored paired organs located in the superomedial
part of the kidney in the retroperitoneum. They secrete various kinds of steroid hormones,
such as cortisol and aldosterone from the cortex and catecholamine from the medulla.
An adrenalectomy is recommended for malignancies such as adrenocortical cancer, size-
increasing adrenal tumors, and functional adrenal tumors such as those causing primary
aldosteronism, Cushing’s syndrome, and pheochromocytoma [1].

Adprenal surgery has a long history with steady progress. The first adrenal surgery
was performed by Thorton in 1889, wherein an adrenal mass was described as a large
sarcoma with a left suprarenal capsule [2]. In 1914, the first planned adrenalectomy was
performed by Perry Sargent [3]. The first flank approach for a pheochromocytoma was
performed by Charles Mayo in 1927 [4]. Most early adrenal surgeries were conducted to
remove large tumors, and the incisions were essentially similar to those made for renal
surgery. In adrenal surgery, the open method was the only surgical option until 1992 [5].

The first laparoscopic adrenalectomy (LA) using a lateral transperitoneal approach
was reported in 1992 [6]. Another method of LA using a posterior retroperitoneal approach
was introduced in 1995 [7]. Currently, LA is considered the gold standard for the excision
of small, benign functional adrenal tumors [8]. With the emergence of robotic technol-
ogy, robot-assisted adrenal gland surgery was first reported in 1999, and the first robotic
adrenalectomy (RA) was reported in 2001 [9,10]. RA has gradually become popular in
many countries, and the proportion of RAs has gradually been increasing [11,12].
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The da Vinci robotic surgical device facilitates the use of many advanced techniques
including high-quality three-dimensional (3D) vision and intuitive controlled movement
with seven degrees of freedom through the endowrist function. Surgeons can perform
surgery more comfortably and delicately using this robotic device, which can lead to better
surgical results than conventional endoscopic surgery [13]. Robotic surgery may be useful
in adrenalectomy, which involves precise movements in a limited space. However, research
on RA suffers from a lack of cases compared with surgery on other organs [14,15].

Our hospital started performing robotic surgery using da Vinci Xi in 2018, and RA has
also been performed. This study evaluates the initial experiences with RA compared with
conventional LA performed by a single endocrine surgeon.

2. Methods
2.1. Study Design

We analyzed the electronic medical records of patients who underwent either LA or
RA at Inha University Hospital. The potential surgical candidates for transperitoneal RA
were the same as those for LA, and RA was chosen when the patient agreed to undergo
surgery using this technique despite the greater expense than the laparoscopic approach.
We reviewed clinical information data including age, gender, body mass index (BMI),
preoperative clinical diagnosis, tumor location and size, type of combined operation, final
pathology diagnosis, operation time, estimated blood loss volume, postoperative pain,
postoperative length of hospital stay, complications, and surgical cost. All surgeries were
recorded, and the videos were reviewed. We captured important scenes and calculated
the actual surgery time based on the surgery videos. In the case of combined surgery, the
operation time and cost of surgery were only evaluated for the adrenalectomy. The cost of
the surgery was calculated as the fees for surgery only, excluding extra expenses including
hospitalization and other expenses.

2.2. Patients

From October 2018 to March 2022, 62 adrenalectomies were performed by a single
endocrine surgeon (JW Yi) at Inha University Hospital, Incheon, South Korea. All patients
underwent adrenalectomy using a transperineal approach. Two groups were formed: the
LA group and the RA group. We excluded three cases of open conversion (only occurred
in LA) and three cases of initial open surgery. A total of 56 patients (24 patients in the RA
group and 32 in the LA group) were included in the analysis.

2.3. Statistics and Ethical Considerations

All statistical analyses were performed using IBM SPSS Statistics 28 (IBM Corporation,
Armonk, NY, USA). Continuous variables are presented using the mean =+ standard devi-
ation. Unpaired f-tests were used to compare the means. The chi-square test or Fisher’s
exact test was applied to the cross-table analysis, depending on the sample size.

The ethics of this study were approved by the institutional review board of the author’s
institution INHAUH 2022-05-015).

2.4. Operative Procedure for RA

LA was performed via a traditional lateral transperitoneal approach, as previously
reported elsewhere [16]. Our procedure for transperitoneal RA is described below.

Under general anesthesia, the patient was placed in the lateral decubitus position. The
patient’s bed was bent at an angle of 80° to expose the side as much as possible. Figure 1
shows the trocar placement in RA. For the right side, three robotic arms and an additional
5 mm port were required for liver mobilization, as shown in Figure 1A. For the left side,
only three robotic arms were needed, as shown in Figure 1B. For effective movement of
the robotic endowrist in the abdominal cavity, robot trocars were placed 3 cm apart from
the subcostal margin to enable the unrestricted movement of the robotic arms. To prevent
collision of the robot arms, a distance of approximately 5 cm was maintained between
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the trocars. We used three types of robotic endowrist instruments: prograsp forceps, long
bipolar, and vessel sealer extend.

Figure 1. Trocar sites for robotic adrenalectomy. (A) Right adrenalectomy. (B) Left adrenalectomy.

The steps for right RA are shown in Figure 2. The right triangular ligament was
detached to sufficiently mobilize the right liver (Figure 2A). Then, a snake retractor was
inserted, the mobilized right liver pulled up, and the location of the inferior vena cava (IVC)
was identified (Figure 2B). After opening Gerota’s fascia, the upper pole of right kidney
was identified. After dissecting upward along the superior pole of the right kidney, the
right adrenal gland was identified (Figure 2C). The medial side of the adrenal gland was
carefully dissected to find the adrenal vein (Figure 2D), and it was divided after hem-o-lock
ligation (Figure 2E). The adrenal resection was terminated by completing the peripheral
adrenal dissection (Figure 2F).

Figure 2. Procedure for robotic right adrenalectomy. (A) Liver mobilization. (B) Liver retraction
and inferior vena cava identification. (C) Gerota’s fascia dissection and adrenal gland identification.
(D) Adrenal vein identification. (E). Clipping of the adrenal vein. (F) Adrenalectomy completion.

The steps for left RA are shown in Figure 3. The left colon was lowered by dissecting
around the splenic flexure (Figure 3A). Then, the spleen was pulled downward by dissecting
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the splenocolic and splenophrenic ligaments (Figure 3B). After dissection around the distal
pancreas and Gerota’s fascia, the location of the adrenal gland was revealed (Figure 3C).
The superior pole of the left kidney was exposed, and careful dissection was performed
around the adrenal gland (Figure 3D). After identifying the adrenal vein, it was ligated by
hem-o-lock and cut (Figure 3E). The remaining soft tissue around the adrenal gland was
detached, and the adrenalectomy was completed (Figure 3F).

liky .
/% Spleen

Pancreas v

Figure 3. Procedure for robotic left adrenalectomy. (A) Left colon mobilization. (B) Spleen mobiliza-
tion. (C) Pancreas and Gerota’s fascia dissection. (D) Exposure of the left kidney. (E) Adrenal vein
identification and ligation. (F) Adrenalectomy completion.

3. Results

The clinical characteristics of the RA and LA groups are summarized in Table 1. The
mean age in the RA group was significantly lower than that in the LA group (48.6 & 9.7 years
vs. 56.1 £ 11.4 years, p = 0.013). Gender and BMI were not different between the two
groups. The clinical diagnoses included primary aldosteronism, Cushing syndrome, and
the increasing size of a non-functioning adenoma. There were no significant differences in
the tumor location and size between the two groups. The RA group had four combined
operation cases with a robotic approach including cholecystectomy, partial nephrectomy,
and total hysterectomy with bilateral salpingo-oophorectomy. The LA group had one
combined operation case, i.e., laparoscopic cholecystectomy.

Table 2 summarizes the surgical and clinical outcomes of the RA and LA groups.
The RA group exhibited a shorter operation time than the LA group (76.1 & 28.2 min vs.
118.0 & 54.3 min, p < 0.001). There were no significant differences in the estimated blood
loss, hospital stay after surgery, and visual analogue pain scale on postoperative days
1 and 2 between the two groups. There were no postoperative complications in the RA
group, while a port-site hernia occurred in a single case in the LA group. The cost of
surgery was significantly higher in the RA group than in the LA group (5288 US dollars vs.
441.5 4 136.8 US dollars, p < 0.001). The pathologic diagnoses included adrenal cortical
adenoma, pheochromocytoma/paraganglioma, and myelolipoma. There was no significant
difference in the pathologic diagnosis between the two groups.
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Table 1. Clinical characteristics of patients undergoing robotic adrenalectomy and laparoscopic adrenalectomy.

Variable Total (1 = 56) RA (n=24) LA (n=32) p-Value
529 +11.2 48.6 £9.7 56.1+11.4

Age (years, mean + SD) (25-76) (29-71) (25-76) 0.013
Gender

Male 28 (50%) 12 (21%) 16 (29%) 1.000

Female 28 (50%) 12 (21%) 16 (29%)

259+ 44 26.6 +49 254+41
a 2

BMI*® (kg/m?®, mean -+ SD) (17.3-35.0) (18.2-35.0) (17.3-32.7) 0.344
Clinical diagnosis

Primary aldosteronism 16 (28.6%) 9 (37.5%) 7 (21.9%)

Cushing’s syndrome 14 (25.0%) 6 (25.0%) 8 (25%)

Non-functioning o o o
Adenoma 12 (21.4%) 3 (12.5%) 9 (28.1%)

PPGLs P 9 (16.1%) 5 (20.8%) 4 (12.5%)

r/0 Metastatic mass 3 (5.4%) 1(4.2%) 2 (6.25%)

Adprenal cortical cancer 2 (3.6%) 0 (0.0%) 2 (6.25%)
Tumor location

Right 27 (48%) 14 (25%) 13 (23%) 0.196

Left 29 (52%) 10 (18%) 19 (34%)
Tumor size 35+22 31+18 38+24 0.269
(cm, mean + SD) (1.3-9.6) (1.3-8.0) (1.3-9.6) ’
Combined operation 3

Cholecystectomy 2 2 1

Partial nephrectomy 1 2 0

TH + BSO © 3 1 0

2 Body mass index, ® Pheochromocytoma/paraganglioma © Total hysterectomy + bilateral salpingo-oophorectomy.
Table 2. Surgical and clinical outcomes of robotic adrenalectomy and laparoscopic adrenalectomy.
Variable Total (1 = 56) RA (n=24) LA (n=32) p-Value
Operation time 100.0 £ 48.6 76.1 +28.2 118.0 £54.3 <0.001
(minute, mean + SD) (46-295) (46-140) (60-295) '
Estimated blood loss 152.1 +132.7 164.6 + 144.8 142.8 + 1245 0.548
(mL, mean + SD) (0-400) (0-400) (0-400) ’
{:ffesf:aé:’;};n 40419 43+21 38+ 17 0326
P 2-9) 2-9) (2-9) '

(days, mean £ SD)
Visual analog scale
Postoperative day 1 29406 29409 29404

(0-10, mean + SD) (0-5) (0-5) (2-4) 0.737
Postoperative day 2 25407 25+08 25407 0.873
(0-10, mean =+ SD) (0-3) (0-3) (1-3) ’
Complication
Port-site hernia 1(1.8%) 0 (0.0%) 1(3.1%) 0.382
Cost of surger 2528.8 £ 24225 441.5 + 136.8
(US dollar §, anean + SD) (352.8-5288.5) 5288.5 (352.8-1167.1) <0.001
Pathologic diagnosis
Adrenal cortical adenoma 35 (62.5%) 16 (66.7%) 19 (59.4%)
PPGLs @ 6 (10.7%) 5 (20.8%) 1(3.1%)
Myelolipoma 5 (8.9%) 2 (3.6%) 3(9.4%)
Adrenal cortical cancer 2 (3.6%) 0 (0.0%) 2 (6.3%)
Others P 8 (14.3%) 1(4.2%) 7 (21.9%)

# Pheochromocytoma/paraganglioma, b Adenomatoid tumor, Cortical nodular hyperplasia, Ganglioneuroma,
Lymphangioma, Macronodular hyperplasia, Malignant pheochromocytoma, Metastatic Hepatocellular cell,
Pseudocys, © Exchange rate as of 17 April 2022.
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Table 3 summarizes the results of other studies in which RAs were performed. In our
study, the tumor size was similar to that in previous studies, but the operation time was
reported to be shorter than that in previous studies.

Table 3. Case series for robotic adrenalectomy.

Year Study Design Patient (1) Tumor Size (cm) Operation Time (min)
2006 Winter [17] Case series 30 2.4 185
2008 Brunaaud [18] Case series 100 29 171
2011 Giulianotti [19] Case series 42 5.5 118
2011 Nordenstrom [20] Case series 100 5.3 113
2012 Agcaoglu [21] Comparative 31 3.1 163.2
2012 D’Annibale [22] Case series 30 5.1 200
2013 Aksoy [23] Comparative 42 4.0 186
2013 Aliyev [24] Comparative 26 - 149
2014 Brandao [25] Comparative 30 3 120
2016 Lee [26] Case series 33 - 234
2016 Morelli [27] Comparative 41 - 177
2019 Greilsamer [28] Case series 303 3.6 89
2019 Kim [29] Comparative 61 3.7 138
2020 Carmela [30] Comparative 12 - 93.3
2020 Fu [31] Comparative 19 8 166.3
2020 Changwei [32] Comparative 87 4.7 136.1
2020 Ozdemir [33] Case series 111 39 1354
2020 Fang [34] Comparative 41 6.2 210.4
2021 Piccoli [35] Comparative 76 4.0 100.3
2022 Knezevi¢ [36] Case series 12 - 165.1
2022 Erdemir [37] Case series 30 8.3 194.9
2022 Al-Thani [38] Comparative 76 4.8 174

4. Discussion

Compared with conventional open surgery, minimally invasive surgery (MIS) has
many advantages: it is not only cosmetically superior but also results in less postoperative
pain, a shorter hospital stay, and favorable oncologic outcomes in cancer surgery [39-41].
MIS has been mainly performed using a laparoscopic approach. With the development of
robotic surgical systems, MIS using a robotic approach has been established, and many
clinical studies have been conducted [42].

LA allows for better access to adrenal glands than open surgery. The pneumoperi-
toneum enables a wider surgical space into which other organs can easily be retracted in a
downward direction. Dissection around the adrenal glands is also easier because of the fine
and straightforward laparoscopic instruments. The adrenal vessels can be easily ligated
using a laparoscopic clip applier compared with open adrenalectomy [43,44]. The size of
the incision is very small, and only three or four incisions are required for trocar placement
compared with open methods. Given these advantages, LA is considered the standard
method [8].

The first robotic adrenal surgery was reported in 1999 [9]. Currently, several clinical
experiences of robotic adrenalectomy are being reported in various hospitals as described
in Table 3. Some studies that compared RA to the laparoscopic approach suggested that
there are no specific advantages of RA [21,23,24,27,29,32,34,35]. However, we found that
the operation time was significantly shorter in the RA group, as described in Table 1.
Furthermore, there were no postoperative complications in the RA group. We suggest that
the reason for these results may be that the surgeon who performed RA at our hospital
had considerable experience in robotic surgery, i.e., had performed more than 500 robotic
thyroid surgeries. There was no need for adaptation or a learning curve to perform robotic
surgery. In addition, he had sufficient LA experience.

In our study, there was one case of a port-site hernia in the LA group. It occurred
two months after surgery through the 12 mm port site and was corrected by surgical
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treatment. This may have been due to surgical failure to close the 12 mm port site. As 5 mm
and 8 mm trocars are used in robot adrenalectomy, it may be helpful to prevent port-site
hernia. We performed two cases of right RA with cholecystectomy. The lateral decubitus
position is used in adrenalectomy, whereas the supine position is used in cholecystectomy.
We safely performed both surgeries in a single stage using the lateral decubitus position
without changing the position. We believe that right RA and cholecystectomy can be
performed safely in a single stage using the lateral decubitus position without any special
position changes.

The advantages of the robotic system in an adrenalectomy are as follows. First, there
is considerable extracorporeal and intracorporeal fighting in LA because the surgeon and
assistant are too close during surgery. In contrast, RA does not involve such collision,
and more free surgical movement is possible. Second, more and precise free movement
is possible by using the endowrist of the robot arm than by using the laparoscopic device.
This is very convenient for liver mobilization and enables increased mobilization. In LA,
there is also a risk of surrounding structure injury because the angle of the laparoscopic
arm is not parallel to the IVC. The angulation of the robotic arm makes this possible and
reduces this risk. Third, the 3D augmented view of the robotic system provides a very clear
and accurate view to the operator, and the operator can directly control it to obtain the
desired view.

The disadvantages of RA are as follows: First, it does not provide tactile sense from
the instrument to the surgeon’s hand. This makes it difficult for inexperienced surgeons
to distinguish tissues or organs. Second, RA is more than five times as expensive as LA.
Many people have a personal medical insurance system in South Korea, and patients pay
only 0-20% of the surgical cost. In this case, there is no difference between robotic surgery
and laparoscopic surgery. RA showed some advantages compared to LA in our study. RA
can be recommended to patients with personal medical insurance. The final concern is
proper training for surgeons. Although robotic surgery is popular worldwide, there are
few institutions that perform RA on a large scale. This makes it difficult for surgeons to
learn about robotic adrenal surgery.

One limitation of our study is that RA is not yet a widely used surgical technique in
South Korea; thus, there are not enough surgical cases. There are not many indications for
adrenalectomy, and there are not many institutions that perform adrenalectomy in South
Korea. Nevertheless, it is meaningful to analyze 56 cases over approximately two years. As
more cases are accumulated in the future, additional analyses will be conducted.

5. Conclusions

The transperitoneal RA is a promising surgical method for adrenalectomy. RA has
many advantages over conventional LA. The operation time of RA was shorter than that of
LA, and no significant complications occurred.

Several studies have reported their experiences with adrenalectomy using a single-port
robot system [17,44]. We will adopt a new single-port robot system in the near future and
evaluate the advantages and disadvantages of this new robot system.
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Abstract: Introduction: Thyroid nodule incidence is increasing due to the widespread application of
ultrasonography. Fine-needle aspiration cytology is widely applied for the detection of malignancies.
The aim of this study was to evaluate the predictive value of ultrasonography in thyroid cancer.
Methods: This retrospective study included patients that underwent total thyroidectomy for benign
thyroid disease or well-differentiated thyroid carcinoma from January 2017 to December 2022. The
study population was divided into groups: the well-differentiated thyroid cancer group and the
control group with benign histopathological reports. Results: In total, 192 patients were enrolled in
our study; 159 patients were included in the well-differentiated thyroid cancer group and 33 patients
in the control group. Statistical analysis demonstrated that ultrasonographic findings such as micro-
calcifications (90.4%), hypoechogenicity (89.3%), irregular margins (92.2%) and taller-than-wide shape
(90.5%) were correlated to malignancy (p < 0.001). Uni- and multivariate analysis revealed that both
US score (OR: 2.177; p < 0.001) and Bethesda System (OR: 1.875; p = 0.002) could predict malignancies.
In terms of diagnostic accuracy, the US score displayed higher sensitivity (64.2% vs. 33.3%) and better
negative predictive value (34.5% vs. 24.4%) than the Bethesda score, while both scoring systems
displayed comparable specificities (90.9% vs. 100%) and positive predictive values (97.1% vs. 100%).
Discussion: The malignant potential of thyroid nodules is a crucial subject, leading the decision
for surgery. Ultrasonography and fine-needle aspiration cytology are pivotal examinations in the
diagnostic process, with ultrasonography demonstrating better negative predictive value.

Keywords: thyroid malignancy; fine-needle aspiration; ultrasound; thyroid nodule

1. Introduction

The incidence of thyroid nodules (TNs) has been increasing over the last years due
to the wide use of ultrasonography (US) and other imaging tests. Reportedly, TNs can be
found in 2-6% of the population with palpation, in 19-35% on ultrasound and in 8-65%
in autopsy series [1]. Since the incidence of thyroid malignancy has been reported to
5.4% for men and 6.5% for women, only a small fraction of those nodules prove to be
malignant [2]. Fine Needle Aspiration Cytology (FNAc) is a widely accepted method
for the evaluation of TNs and the detection of malignancy with reported accuracy rates
varying and exceeding 90% in some reports [3]. FNAc has indisputably contributed
to the decrease in the number of unnecessary thyroid surgeries and to the increase of
the preoperative diagnosis of malignant thyroid lesions. The 2023 Bethesda System for
Reporting Thyroid Cytopathology recommends six reporting categories: (i) nondiagnostic;
(ii) benign; (iii) atypia of undetermined significance (AUS); (iv) follicular neoplasm; (v)
suspicious for malignancy (SFM); and (vi) malignant [4]. Factors that can influence FNAc
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results are a possibly inaccessible position of the nodule, operator experience, nodule size
and composition, as well as experience in cytology interpretation.

Many authors have advocated the importance of establishing US criteria for diagnos-
ing thyroid malignancy, which will serve as an additional source of information for the
clinician facing a diagnostic dilemma. Certain US characteristics have previously been
strongly correlated with malignancy, such as hypoechogenicity, irregular margins, taller-
than-wide shape and microcalcifications. In 2015 American Thyroid Association published
Management Guidelines for adults with TNs and differentiated thyroid carcinoma, asso-
ciating sonographic patterns of TNs with the risk of malignancy [5]. In order to assess
the risk of malignancy certain sonographic criteria are used. According to ATA, TNs are
discriminated as following: TIRADS 1: normal, TIRADS 2: benign conditions, TIRADS 3:
probably benign nodules (<5%), TIRADS 4: suspicious nodules (5-80%), TIRADS 5: prob-
ably malignant (>80%), TIRADS 6: Biopsy proven malignancy. Risk stratification crite-
ria were conducted by the Korean Thyroid Association (K-TIRADS) [6]. The European
Thyroid Association designed another reporting system for ultrasound assessment, EU
TIRADS. There are five EU-TIRADS categories: EU-TIRADS 1: normal thyroid lesions,
EU-TIRADS 2: benign lesions such us cysts, EU-TIRADS 3: low risk (2-4%) lesions as
for isoechoic/hyperechoic nodules with smooth margins, EU-TIRADS 4: intermediate
risk (6-17%) lesions such as ovoid, mildly hypoechoic nodules with smooth margins, EU-
TIRADS 5: high risk (26-87%) lesions for nodules with suspicious characteristics such as
irregular shape or margins, micro-calcifications, taller than wide morphology and markedly
hypoechoic solid lesions [7]. Finally, the British Thyroid Association (BTA) classified TNs
into 5 categories; Ul = normal thyroid gland, U2 = benign TN, U3 = intermediate /equivocal
TN, U4 = suspicious TN, and U5 = malignant TN [8].

The aim of this study was to evaluate the predictive value of ultrasonographic features
for malignant TNs and to assess the diagnostic performance of these features in thyroid
cancer patients.

2. Materials and Methods
2.1. Study Population

Approval for this retrospective study was obtained from the institutional review board
of our hospital (Scientific Council of Theageneio Cancer Hospital, Thessaloniki, Greece,
2661/22 February 2024), and informed consent was obtained from all patients. From
January 2017 to December 2022, all patients aged >18 years old who underwent total
thyroidectomy in our institution with a histopathology report of a benign thyroid gland
or well-differentiated thyroid carcinoma were eligible for the study. Exclusion criteria
were insufficient data on the preoperative evaluation of the patients, previous thyroid
surgery and a pathology or cytology report of other types of malignancies apart from
well-differentiated thyroid cancer.

The studied population was divided into two groups, the malignant group (WDTC-
group) which included patients with a histopathological diagnosis of well-differentiated
thyroid cancer following thyroidectomy, and the control group (NC-group) consisting of
patients with a benign histopathology report. All patients included in this study were
preoperatively submitted to a head and neck ultrasound and an ultrasound-guided FNAc
(US-FNACc) of the suspicious nodules.

2.2. Ultrasonography and US-FNAc

A complete thyroid and neck ultrasound was acquired preoperatively from all patients.
The examination was conducted by experienced radiologists (>than 5 years of experience).
A US scoring system was implemented in accordance with the 2015 ATA Guidelines, asso-
ciating thyroid nodules with the risk of malignancy based on their sonographic pattern.
The thyroid nodules were assessed regarding the following ultrasonographic features: size,
microcalcifications, increased vascularity, hypoechogenicity, taller-than-wide shape, irregu-
lar margins, extrathyroidal extension and solid composition. Each of the aforementioned
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features was appointed one point in the scoring system, reported as US score. Regarding
the size, one point was given when the size was more than 10 mm.

A non-aspiration technique using a 23-gauge needle attached to a 5 mL syringe was
performed. The samples were evaluated by experienced cytopathologists that were blinded
to the US findings. The results of the FNAc were classified into the following six categories
according to the Bethesda System for Reporting Thyroid Cytology: (1) nondiagnostic or
unsatisfactory (Bethesda System I), (2) benign (Bethesda System II), (3) atypia or follicu-
lar lesion of undetermined significance (AUS/FLUS) (Bethesda System III), (4) follicular
neoplasm or suspicious for a follicular neoplasm (Bethesda System IV), (5) suspicious
for malignancy (Bethesda System V) and (6) malignant (Bethesda System VI). In cases of
nodules with both cystic and solid components, an FNAc of the solid part of the nodule
was performed. When a multinodular goiter was present, both the largest nodule and the
nodule with the most suspicious characteristics were aspirated.

2.3. Data and Statistical Analysis

Data were analyzed in the Statistical Package for the Social Sciences 25.0 (SPSS Inc.,
Chicago, IL, USA) and R Software (version 3.6.2). Relationships with a two-sided p-
value of less than 0.05 were considered statistically significant. The reference standard for
malignancy was the histopathology report. In cases in which both the largest nodule and
the nodule with the most suspicious characteristics were aspirated and assessed, the data
were analyzed cumulatively, like both nodules being independent. Continuous variables
were demonstrated as means with standard deviation (SD) or as medians with interquartile
ranges (IQRs), depending on normality having been assumed or not, respectively, while
categorical variables were presented as frequencies with percentages (%). The Chi-square
test (X?) and Fisher s exact test were applied to investigate the malignancy rate in categorical
variables for US features. Independent samples t-tests and the non-parametric test of
Mann-Whitney were used to evaluate the relationship between continuous variables and
malignancies. Univariate and multivariate logistic regression analysis was performed to
predict the probability of cancer for both the US score and the Bethesda System. Gender
and age at the time of surgery were both included in the final model. After the univariate
logistic analysis of every possible factor had been performed, a multivariate logistic analysis
was conducted and the final model was built. During univariate regression, a factor was
included in the multivariate logistic regression model when it met a statistical significance
of a p-value less than 0.20. The final model was built using a stepwise backward elimination
method with a significance level of 0.05.

In addition, a receiver operating characteristic (ROC) curve was generated to calculate
the optimal cut-off point of the US score for thyroid malignancy which was chosen based
on the accompanying Youden'’s index; sensitivity and specificity were also measured. After
the optimal cut-off points for NLR and PLR had been calculated, then the sample size was
divided into two groups based on them and the mortality incidence was reassessed [9,10].

3. Results
3.1. Basic Characteristics

One hundred and ninety-two patients were included in the study. The WDTC group
included 159 patients and the NC group included 33 patients. No statistically significant
differences were observed in the demographic characteristics between the two groups. Of
the total 192 patients included in this study, 162 were female (84.4%) and 30 were male
(15.6%). The mean age at the time of the surgery was 52.2 (SD: 13.3) years. The majority of
the patients in both groups (1 = 154, 80.6%) presented with a multinodular goiter (Table 1).
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Table 1. Basic characteristics of the study population.

All Patients WDTC Group NC Group

(n=192) (n =159) (n =33) p-Value
Female Gender (%) 162 (84.4%) 136 (84.0%) 26 (16.0%) 0.331
Mean age at surgery [y] (SD) 52.2 (13.3) 52.1 (13.8) 52.2 (11.0) 0.971
Preoperative median TSH [ng/dL] (IQR) 1.53 (1.60) 1.60 (1.71) 1.71 (1.24) 0.479
Multinodular goiter (%) 154 (80.6%) 125 (81.2%) 29 (18.8%) 0.247

3.2. US Features

In total, 246 nodules were evaluated. Nodule size ranged from 8.0 to 58.0 mm, with a
median of 21.0 mm (IQR: 17.3 mm). Malignant nodules tended to be slightly smaller in
size than benign ones (p = 0.005). Microcalcifications were present in 125 (50.8%) of the
examined nodules, while the majority of them (113, 90.4%) were proven to be malignant
(p < 0.001). Hypoechogenicity also showed a high correlation with malignancy (p < 0.001),
as 89.3% of the hypoechoic nodules represented well-differentiated thyroid carcinomas
(134 out of 150 hypoechoic nodules in total), while 61.0% of the malignant nodules were
hypoechoic. Hyperechogenicity was rarely observed within both groups. Both irregular
margins and taller-than-wide shapes were much more common in malignant nodules
(92.2% vs. 7.8%, and 90.5% vs. 9.5%, respectively) and, thus, were highly associated with
malignancy (p < 0.0001). In addition, almost 62% of the malignant nodules had a taller-
than-wide shape (124 out of 201). No correlation was proven between malignancy and
the vascularity pattern of the nodules in this study. All of the nodules that demonstrated
extra-thyroidal extension on US evaluation proved to be thyroid carcinomas, but it was a
rarely noted feature (4.9% of the nodules examined) (Table 2).

Table 2. Ultrasound characteristics of the thyroid nodules.

All Nodules WDTC Group NC Group

(1 = 246) (n = 201) (1 = 45) p-Value
Median nodule size [mm] (IQR) 21.0 (17.3) 20.0 (10.0) 27.0 (60.0) 0.005
Microcalcifications (%) Yes 125 (50.8) 113 (56.2) 12 (26.7) <0.001
Hypervascularity of nodule (%) Yes 155 (63.0) 122 (60.7) 33 (73.3) 0.112
Hyperechoic nodule (%) Yes 10 (4.1) 3(2) 7 (15.6) <0.001
Hypoechoic nodule (%) Yes 150 (61.0) 134 (66.7) 16 (35.6) <0.001
Cystic elements (%) Yes 72 (29.3) 50 (24.9) 22 (48.9) 0.001
Taller than wide (%) Yes 137 (55.7) 124 (61.7) 13 (28.9) <0.001
Extrathyroidal Extension (%) Yes 12 (4.9) 12 (6.0) 0(0.0) 0.093
Irregular margins (%) Yes 103 (41.9) 95 (47.3) 8 (17.8) <0.001

3.3. Multivariate Regression Analysis and Diagnostic Performances

Multivariate logistic regression analysis was performed to determine the malignancy
prediction and the odds ratios for the US score (and its components separately) and the
Bethesda System, respectively. In the final multivariate model, gender and age were also in-
cluded for both models. Independent risk factors for malignancy were independently both
US score (OR: 2.177; p < 0.0001) and Bethesda System (OR: 1.875; p = 0.002) (Tables 3 and 4).
It is interesting to see that the characteristics included in the US score did not contribute
equally. The risk score for irregular margins was more elevated than that of “taller-than-
wide” or hypoechoic character of the nodule. On the other hand, the nodule size had risk
score values near zero.
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Table 3. Logistic models for the US score (WDTC group vs. NC group) prediction.

Univariate Analysis Multivariable Analysis
Parameter i i
U““d"}““ed SE  OR 95% CI p-Value Ad";‘“ed SE  OR 95% CI p-Value RS
Gender 0.257 0405 1.9 0.59,2.86 0.525
(male/female)
Age at surgery —0.004 0011  1.00 0.98,1.02 0.746
(years)
TSH 0.121 0115 1.13 0.90, 1.41 0.293
pre-surgery
US score 0.788 0.157 2200 1.616-2.994  <0.001 0778 0157 2177  1.599-2.963 <0.001
Nodule size —0.026 0011 097 0.95,0.99 0.018 0009 0017 101 0.98,1.04 0.606 0.01
Taller than wide 2.358 0353 1057  529,21.11 <0.001 3580 0676 3586  9.54,134.83 <0.001 36
[rregular 2.703 0372 1492  7.20,30.90 <0.001 3925 0678 50.67  13.41,191.54 <0.001 39
margms
Hﬁ‘fﬂ:’m 1.504 0329 450 2.36,8.57 <0.001 2208 0561 9.10 3.03,27.31 <0.001 22
Abbreviations: {3, coefficient of the explanatory variable; SE, standard error; OR, odds ratio; CI: confidence interval;
RS: risk score.
Table 4. Logistic models for the Bethesda (WDTC group vs. NC group) prediction.
Univariate Analysis Multivariable Analysis
Parameter i i
Umd"s“s*ed SE  OR 95% CI p-Value Ad';S*ed SE  OR 95% CI p-Value RS
Gender —0.932 0567 039 0.13,1.20 0.100 —0976 0607 0.38 0.12,1.24 0108  —0.98
(male/female)
Age(;te?:sr)gery —0.029 0013 097 0.95,0.99 0.021 —0.021 0014 098 0.95,1.01 0124  —0.02
TSH 0.106 0130 111 0.86,1.43 0415
pre-surgery
Bethesda 0.677 0207 1969  1.312-2.951 0.001 0629 0484 1875  1.257-2.798 0.002
System
Nodule size —0.052 0015 095 0.92,0.98 <0.001 —0.039 0016 096 0.93,0.99 0013  —0.04
Taller than wide ~0.029 0337 097 050, 1.88 0.931
[rregular 0.782 0336 2.19 1.13,4.22 0.020 0551 0364 174 0.85, 3.54 0.131 0.55
margms
Hf’;ﬁfﬁ:"c 0.586 0367 1.80 0.87,3.69 0.111 0406 0415 150 0.67,3.39 0.328 041

Abbreviations: {3, coefficient of the explanatory variable; SE, standard error; OR, odds ratio; CI: confidence interval;
RS: risk score.

The discriminatory performance of US score for predicting thyroid nodule malignancy
and the respective ROC curve is presented in Figure 1. More specifically, the US score ex-
hibited a significant strong discriminatory performance (AUC = 0.784, CI 95%: 0.693-0.875).
Regarding the optimal cut-off point of the US score, this was 3.5, with sensitivity of 79.9%
and specificity of 66.7%.
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Figure 1. Receiver operating characteristic (ROC) curves of the Bethesda System and US score.

3.4. Diagnostic Performances
Diagnostic tests were performed to evaluate the sensitivity, specificity, positive predic-

tive value and negative predictive value of both the US scoring system and the Bethesda
System in this study.

The two methods were compared in regard to their diagnostic accuracy, sensitivity,
specificity and positive and negative predictive value. While the Bethesda System demon-
strated specificity and PPV of 100%, its sensitivity was proven to be as low as 33%. On
the other hand, the US scoring system was found to have a lower specificity rate and PPV
(90.9% and 97.1%, respectively), but with a much higher sensitivity value (64.2%) and a
higher NPV (34.5% vs. 24.4%) with a statistical significance of p < 0.001 (Table 5). The
diagnostic accuracy was 68.75% for the US scoring system and 43.75% for the Bethesda
System. A ROC curve analysis was performed for the evaluation of both systems, and the
AUC was calculated. The reference standard for malignancy was the histopathology report.
When comparing the two AUCs with a Z score test, a statistically significant difference

between the two methods was observed. The AUC for the US score ROC curve analysis
was 88.0%, a significantly higher value compared to the AUC of the Bethesda System ROC

curve analysis with a value of 68.3% (p < 0.001) (Figure 1).

Table 5. Diagnostic accuracy of US score and Bethesda System in the diagnosis of cancer.

Group WDTC Group NC Sensitivity Specificity PPV NPV
US score Positive [3-5] 102 3
Negative [0-2] 57 20 64.2% 90.9% 97.1% 34.5%
Bethesda Positive [5-6] 51 0
Negative [1-4] 102 3 33.3% 100% 100% 24.4%
p-value <0.001 0.083 0.083 <0.001
Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
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4. Discussion

The diagnostic evaluation of thyroid nodules is a difficult process. It involves a careful
history and clinical examination, followed by a thyroid ultrasound and hormonal tests to
assess the thyroid function and the presence of autoantibodies. The clinical importance of
thyroid nodules hinges on the need to diagnose thyroid cancer, which occurs in 7-15% of
cases based on age, sex, radiation exposure history, family history, smoking habit, obesity
and other factors [5,11]. Nowadays, about 40% of the WDTCs diagnosed are less than
1 cm. This tumor shift may be due to the increasing use of ultrasonography or other
imaging methods and early diagnosis and treatment [12,13]. In a large retrospective study
by Chen et al., the higher incidence of thyroid cancer in thyroid nodules screened with
ultrasound rather than palpation was established, and thus, two-thirds of the thyroid
nodules believed to be normal were microcarcinomas [13]. The optimization of long-term
health outcomes and education about potential prognoses for individuals with thyroid
neoplasms is critically important.

In the international literature, there are some systematic reviews and meta-analyses
that tried to analyze ultrasound and FNA diagnostic accuracy in thyroid malignancy [14,15].
Ospina et al. concluded that the available evidence only warrants limited confidence on
the diagnostic accuracy of FNA due to risk of bias, imprecision and inconsistency among
studies, but the likelihood for purely benign and purely malignant potential was found to
be high [15]. Regarding ultrasound, Remonti et al. reported that solitary ultrasonographic
findings alone could not predict malignancy, but the combination of microcalcifications, a
taller-than-wide shape, irregular margins or the absence of elasticity could offer reliable
information in terms of malignant potential [14]. The absence of elasticity had the best ultra-
sonographic performance for malignant results [14]. The study by Ito et al. demonstrated
a positive predictive value of ultrasound in 97.2%, while Nie et al. reported ultrasound
as being a highly accurate examination for thyroid nodule nature discrimination with a
specificity of 33.88% and sensitivity of 92.53% [16,17]. In terms of cytology, FNA was found
to have positive predictive value of 100% and negative predictive value of 43.75% in a
randomized cross-sectional study [18]. Thus, our study tried to interpret the diagnostic ac-
curacy of ultrasound and FNA in thyroid malignancy diagnosis retrospectively. Our results
demonstrated ultrasonographic findings such as microcalcifications, hypoechogenicity,
irregular margins and taller-than-wide shapes to be correlated to malignancies with high
statistical significance. Furthermore, our study is in concordance with the international
available data in terms of positive and negative predictive values of FNA and ultrasound
scores, while we concluded that ultrasound specificity was higher and sensitivity was
lower than the values proposed in other studies.

Several studies have reported the utility of ultrasonography alone for distinguishing
benign from malignant nodules [6,19]. In addition, it is cost-effective, widely available
and not invasive. Therefore, ultrasonography has been adopted as the first useful step in
determining the location and nature of thyroid nodules [16,20-24]. Alshoabi et al. reported
that B-mode ultrasonography alone could differentiate benign nodules with excellent
diagnostic accuracy [20]. In this context, we tried to separately examine the sonographic
characteristics of thyroid nodules. Their characteristics together with the total US score
were analyzed. Moreover, we analyzed the Bethesda score and compared the diagnostic
accuracy of the scores. From the uni- and multivariate analysis of both the Bethesda and
US scoring systems, we can safely conclude that both could effectively predict the existence
of a TN containing a malignancy. Interestingly, the US score displayed higher sensitivity
and better negative predictive value than the Bethesda score, while both scoring systems
displayed comparable specificities and positive predictive values. Not surprisingly, in the
present study, the diagnostic accuracy of the US score was superior to Bethesda score.

When looking closely at the US score and its” various components, we observed
that microcalcification, hypoechogenicity, cystic element, “taller-than-wide” and irregular
margins are parameters that are separately strongly correlated with the malignant potential
of the TN. This is in consistency with other studies in the literature. Nabahati et al. and
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Ram et al. proposed the same parameters as indicators of malignancy [19,21]. This means—
on a clinical basis—that a patient presenting with one of those characteristics should be
considered as having a malignancy and treated adequately.

Moreover, the uni- and multivariate analysis of the logistic regression model of US
scoring showed that regardless of the other characteristics, irregular margin, hypoechoic
nodule and “taller-than-wide” are strong predictors of malignancy. On the contrary, the
nodule size seems not to have a role in the malignant potential of a TN, which is in
agreement with Rahimi et al.’s study, concluding that nodule size should not be a criterion
for malignancy, but irregular edges, being solid, hypoechogenicity and being a single
nodule are major components of malignancy [24]. In the analysis of the Bethesda System,
nodule size seems to have a pivotal predictive role in malignancy. Thyroid cytology
faces pitfalls in false positive and negative results, such as the misinterpretation of cystic
degeneration and squamous cells in partially cystic lesions or the underestimation of
architectural and cellular features in follicular patterns, with a wide range of sensitivity
(65-99%) and specificity (72-100%) [25]. Zhu et al. resulted that sampling error (86.7%) was
the most common cause of false negative diagnoses in FNA, mainly due to nodule size,
while interpretation error (80.9%) was the most common cause of false positive diagnoses,
affected by overlapping cytological features in adenomatous hyperplasia, thyroiditis and
cystic lesions [26]. In our study, the Bethesda System demonstrated specificity and PPV
of 100%, while its sensitivity was proven to be as low as 33% and its diagnostic accuracy
was 43.75%.

This study has critical clinical implications. First of all, the results of our retrospective
study reinforce the fact that ultrasound and FNA biopsy could lead the decision behind the
surgical management of suspicious thyroid nodules. Ultrasound has high specificity and
positive predictive value for malignant potential, while we found that ultrasound sensitivity
is less than already proposed values. FNA biopsy also features high specificity and positive
predictive value for thyroid malignancy. Compared to one another, especially in terms
of sensitivity and negative predictive values which are lacking in both examinations,
ultrasound was found to score higher than FNA biopsy. This is a pivotal new finding that
could provide advanced perspectives in the management of suspicious thyroid nodules.
In terms of indetermined results between ultrasound and FNA biopsy, we propose that
ultrasound findings are more reliable than FNA biopsy of suspicious thyroid nodules,
based on the findings of a fully experienced radiologist in the field of the thyroid gland.

5. Limitations

A major limitation of our study is the retrospective form of collection of data. We had
strict inclusion criteria to lower the risk of selection bias.

6. Conclusions

The diagnostic evaluation of thyroid nodules is a difficult process. Sonographic find-
ings dictate fine-needle aspiration cytology and combined approaches lead the diagnostic
process of thyroid malignancy. Our study demonstrates that US score has higher sensitiv-
ity and better negative predictive value than Bethesda score, while both scoring systems
displayed comparable specificities and positive predictive values. Ultrasound seems to be
more reliable in predicting thyroid malignancy, with microcalcifications, hypoechogenicity,
irregular margins, and taller-than-wide shapes being major factors of malignant potential.
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Abstract: Background and Objectives: Incidental thyroid cancers (ITCs) are often microcarcinomas. The
most frequent histologic type is a papillary microcarcinoma. Papillary thyroid microcarcinomas are
defined as papillary thyroid tumours measuring less than 10 mm at their greatest diameter. They
are clinically occult and frequently diagnosed incidentally in histopathology reports after a thyroidec-
tomy. The aim of this study is to evaluate the rate of papillary thyroid microcarcinomas (PTMC) in
patients who were thyroidectomised with indications of benign disease. Materials and Methods: We
retrospectively evaluated the histological incidence of PTMC in 431 consecutive patients who, in a 5 year
period, underwent a thyroidectomy with benign indications. Patients with benign histology and with
known or suspected malignancy were excluded. Results: Histopathology reports from 540 patients who
underwent a total thyroidectomy in our department between 2016 and 2021 were reviewed. A total
of 431 patients were thyroidectomised for presumed benign thyroid disease. A total of 395 patients
had confirmed benign thyroid disease in the final histopathology, while 36 patients had incidental
malignant lesions (33 PTMC—7.67%, one multifocal PTC without microcarcinomas—0.23%, two fol-
licular thyroid carcinoma—0.46%). Out of the PTMC patients, 29 were female and four were male
(7.2:1 female-male ratio). The mean age was 54.2 years old. A total of 24 out of 33 patients had multifocal
lesions, 11 of which co-existed with macro PTC. Nine patients had unifocal lesions. A total of 21 of
these patients were initially operated on for multinodular goitre (64%), while 13 were operated on for
Hashimoto/Lymphocytic thyroiditis (36%). Conclusions: PTMC—often multifocal—is not an uncommon,
incidental finding after thyroidectomy for benign thyroid lesions (7.67% in our series) and often co-exists
with other incidental malignant lesions (8.35% in our series). The possibility of an underlying papillary
microcarcinoma should be taken into account in the management of patients with benign—especially
nodular—thyroid disease, and total thyroidectomy should be considered.

Keywords: thyroidectomy; papillary; microcarcinoma; incidental; thyroid

1. Introduction

Thyroid cancer is the most frequent type of endocrine cancer. A papillary thyroid
carcinoma is the most frequently encountered thyroid tumour and comprises 70-90% of
well-differentiated thyroid cancers [1]. Incidentally found thyroid carcinomas imply lesions
that were not clinically suspected prior to their diagnosis. In previous years, these carcinomas
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were all considered incidentalomas and were not specifically categorised. More recently, they
were thought of as a separate entity and were classified into four broad categories based on
the way they are diagnosed [2]: (i) microcarcinomas diagnosed incidentally in histopathology
reports post thyroidectomy despite no clinical suspicion for malignancy pre-operatively,
(ii) microcarcinomas incidentally detected during imaging, usually ultrasound, which were
confirmed with fine needle aspiration cytology (FNAC), (iii) carcinomas that first present
with lymph node metastases and the primary lesion—a microcarcinoma—is identified in
post-operative histopathology, and (iv) carcinomas in ectopic thyroid tissue that present with
metastases or clinical symptomatology [2]. In clinical practice, these microcarcinomas are
most frequently found in histopathology reports of thyroidectomy specimens in patients with
benign indications for surgery [3]. The most frequent histotype encountered is a papillary
thyroid microcarcinoma (PTMC).

The World Health Organisation (WHO) defines thyroid microcarcinoma as thyroid
carcinoma with a maximum diameter under 1 cm and without including any further tu-
mour characteristics, such as the presence of metastatic lesions or local extra-thyroidal
extension of the tumour [4]. The recently published WHO classification of thyroid tumours
(2022) notes that a papillary thyroid carcinoma should be classified based on the tumour’s
histopathologic characteristics, irrespective of size. It is also stressed that tumours under
1 cm in diameter should not be considered low-risk simply because of their size [5]. Papil-
lary thyroid microcarcinomas are usually multifocal and most frequently found in thyroid
glands with a multinodular pathology.

The improved sensitivity of imaging modalities, especially ultrasound, as well as the
increased accuracy of histopathology examination of the thyroid specimen, can explain
the increased incidence of incidentally found thyroid microcarcinomas [1]. The incidence
of papillary thyroid microcarcinomas in autopsy and clinical studies is 100- to 1000-fold
higher than the incidence of such tumours that develop into clinically apparent cancers en-
countered in clinical practice [2]. It is, therefore, reasonable to consider if the diagnosis of a
papillary microcarcinoma should automatically become an indication for surgical resection.

The clinical significance of papillary thyroid microcarcinomas and their clinical course
remains a matter of interest and debate. Papillary thyroid microcarcinomas do not appear
to be a unified entity. The clinical progress of these lesions is not yet clear or specific. While
the majority have an excellent prognosis, with a 20 year mortality rate of less than 1%,
they do have metastatic potential to neck lymph nodes (via lymphatic spread) and less
frequently to distant sites (via haematogenous spread). It has also been observed that 4-16%
of papillary thyroid microcarcinomas recur locally after initial excision, and a significant
percentage of these patients develop distant metastases [6]. Roti et al. tried to identify the
clinical characteristics that differentiated incidentally diagnosed papillary microcarcinomas
from thyroid lesions suspicious of malignancy. The only differentiating factor between the
two groups was size. No lesions smaller than 8 mm in diameter developed metastases [7].

At this point, it is important to mention a subtype of papillary thyroid microcarcinoma,
an aggressive PTMC. Ardito et al. conducted a retrospective study on papillary thyroid
microcarcinoma and concluded that although most of them had uncomplicated clinical
progress, 19% recurred [8]. The microcarcinomas that recurred had common histopathologic
characteristics. More specifically, they were multifocal, lacked a capsule, and were solid.
As a result, they suggested that this subtype of papillary thyroid microcarcinomas should
be treated aggressively with a total thyroidectomy, central lymph node clearance, and
radioiodine [8].

There is currently no consensus regarding the clinical progression of papillary thyroid
microcarcinomas or the most appropriate treatment strategy. Options range from watch
and wait to a total thyroidectomy with central lymph node clearance and radioiodine,
as in the patients from the aforementioned study. The American Thyroid Association
2015 guidelines suggest that for cNO tumours < 1 cm without extrathyroidal extensions,
a hemithyroidectomy should be the operation of choice [9]. Despite this guideline, many
authors suggest that a total thyroidectomy and central lymph node clearance should be
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the treatment strategy of choice due to the frequency of multifocality of such tumours as
well as their tendency to metastasise to level IV lymph nodes in the neck. This avoids
re-operation and reduces the risk of local recurrence. Spaziani et al. [10] published a recent
prospective observational study that identified a high percentage of incidental papillary
thyroid microcarcinomas (15.3%) with high rates of bilateral lesions and multifocality
(63.1%). They go on to suggest a total thyroidectomy as the surgical treatment of choice,
even for presumed benign thyroid disease [10]. The main counterargument is the increased
frequency of central lymph node clearance, especially permanent hypocalcemia [11].

This retrospective study aims to investigate the frequency and multifocality of inciden-
tally diagnosed thyroid papillary microcarcinomas within the thyroid gland. The literature
suggests that the incidence of such tumours ranges from 3% to 16%, although, occasionally,
much higher numbers have been documented (up to 81%) [1]. Keeping in mind the high
incidence of these incidental microcarcinomas, as well as their tendency for multifocality,
a total thyroidectomy seems to be a reasonable treatment strategy, especially in cases of
underlying multinodular goitre when both thyroid lobes are affected.

All the patients included in this study underwent a total thyroidectomy. Given that
the main counterargument against a total thyroidectomy vs a hemithyroidectomy for
benign thyroid lesions is the increased rate of complications, we mention the postoper-
ative complications in the patient cohort studied and proceed to compare them to the
international literature.

2. Materials and Methods

This is a 5 year retrospective study for which we retrieved 540 histopathology reports
of patients that underwent a total thyroidectomy at the 3rd General Surgical Department
of AHEPA University Hospital from 2016 until 2021. A total of 145 histopathology re-
ports confirmed thyroid malignancies, while 395 reports confirmed benign thyroid lesions
(multinodular goitre, Graves disease, and Hashimoto thyroiditis). A total of 58 papillary
microcarcinomas were confirmed, 33 of which were incidental findings in patients who
underwent a total thyroidectomy with benign pre-operative indication. These were divided
into unifocal and multifocal; their mean diameter and the standard deviation (SD) were
calculated, as well as the number of lesions in multifocal carcinomas.

Patients with a confirmed pre-operative diagnosis of malignancy (post-fine needle
aspiration cytology) were excluded from the study. Patients with histopathology that
confirmed exclusively benign thyroid diagnoses were also excluded from the study. Finally,
2 patients with incidentally diagnosed follicular thyroid carcinomas were excluded. All
patients underwent a preoperative endocrinology assessment, clinical examination of
the neck, laboratory examination for thyroid hormones (TSH, T3, T4, procalcitonin, anti-
thyroid peroxidase (anti-TPO), and thyroglobulin), neck/thyroid ultrasound, pre-operative
laryngoscopy, and, based on indication, a neck computed tomography (CT) scan and fine
needle aspiration (FNA). Intraoperative nerve monitoring was used in all operations.

There was telephone contact with 431 patients who underwent a total thyroidectomy
due to presumed benign thyroid disease to confirm complications and recurrence. The
histopathology reports of all patients were also reviewed, and parathyroid glands were
included. Complications were divided into immediate/transient and permanent.

3. Results

From a total of 540 patients, 431 had a preoperative benign indication for total thy-
roidectomy (395 had confirmed benign diagnosis in the histopathology report of the thy-
roidectomy specimen, 33 had incidentally diagnosed papillary microcarcinomas, one had
incidentally diagnosed papillary macro carcinoma and two had incidentally diagnosed
follicular carcinomas). In total, 33 out of 431 (7.67%) patients were found to have papil-
lary thyroid microcarcinomas. These patients had benign indications for thyroidectomy
pre-operatively and no suspicion of thyroid malignancy during the pre-operative work-up.
These patients constitute the focus of this study.
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Out of the 33 patients with incidentally diagnosed papillary microcarcinomas, the
pre-operative diagnosis for 20 of them (60.6%) was a multinodular goitre, and for the
remaining 13 patients (39.4%), Hashimoto thyroiditis. These diagnoses were confirmed in
the histopathology reports post-operatively. There were no papillary microcarcinomas in
the histopathology specimen of patients with Graves disease. A total of 29 patients were
women, and four were men (7.2:1 F-M ratio). The mean age for women was 54.2 years old
(31-72) and 54.2 years old (50-59) for men.

A total of 24 patients (72.7%) had multifocal papillary microcarcinomas (23 women
with a mean age of 52.2 years old and one 52 year old man). Nine patients (27.3%) had
unifocal papillary microcarcinomas (six women with a mean age of 61.8 years old and
three men with a mean age of 55 years old). The mean maximal diameter of multifo-
cal microcarcinomas was 3.5 mm =+ 0.19 mm SD, and for unifocal microcarcinomas was
3.5 mm = 0.23 mm SD. The mean number of lesions in multifocal microcarcinomas was
2.83 (2-6 lesions per patient). In 11 (45.8%) out of 24 patients, multifocal papillary microcar-
cinomas co-existed with papillary thyroid carcinomas (macro PTC > 1 cm).

There was telephone communication with 431 patients who underwent a total thy-
roidectomy with a benign indication for surgery. Contact was not achieved with eight
of these patients. Patients were asked about immediate/transient and permanent post-
operative complications, specifically about hypoparathyroidism and vocal cord palsy
symptoms (numbness, hoarseness of voice, stridor, breathing difficulty, and emergency
tracheostomy). A total of 11 out of 423 patients (2.60%) reported transient hypocalcaemia,
three reported permanent hypocalcaemia (0.70%), and four reported transient unilateral vo-
cal cord paresis (0.94%), which normalised in repeat laryngoscopy one year post-operatively.
No patients reported stridor or required an emergency tracheostomy due to bilateral vocal
cord paresis. Parathyroid glands were found in 5 out of 431 (1.16%) histopathology reports,
four of which contained one parathyroid gland, while 1 contained two parathyroid glands.
There were no cases of local recurrence, lymphatic spread, or distant metastases to date.
Table 1 below shows the characteristics of the patients and the microcarcinomas, focusing
on the multifocality of the tumour.

Table 1. Characteristics of patients with papillary thyroid microcarcinoma.

Characteristics Female Male Total
Multifocal tumours 23 1 24
Unifocal tumours 6 3 9

Mean age 54.2 years old (31-72) 54.2 years old (50-59) n/a
Multinodular goitre 16 4 20
Hashimoto thyroiditis 13 0 13

4. Discussion

Papillary thyroid microcarcinomas are a unique subdivision of papillary thyroid carci-
nomas, which heralds attention due to their increasing frequency as well as the implications
for patient management [12]. Although currently considered a unified category of thyroid
tumours, many authors have started to consider papillary thyroid microcarcinomas as a
group of tumours that may exhibit different biological behaviours. This would explain why
some microcarcinomas have an indolent course while others behave aggressively. Different
studies have suggested many risk factors for the more aggressive subdivision of papillary
thyroid microcarcinomas without a unified opinion in the literature.

Papillary thyroid microcarcinomas and truly incidental thyroid carcinomas do not
always belong to the same category. It is possible to detect incidental microcarcinomas in
patients with an already-known thyroid carcinoma. This group of microcarcinomas would
not be strictly defined as incidental. In this study, 63.6% of patients with incidental thyroid
papillary microcarcinomas had a preoperative diagnosis of multinodular goitre. This
finding is in accordance with reports in the literature, as microcarcinomas are encountered
more frequently in nodular thyroid glands. The incidental diagnosis of a PTMC in patients
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with multinodular goitre requires frequent monitoring. The management of such patients
should be dictated by the characteristics of the lesion as well as the age and sex of the
patient, which Bove et al. found to be the most decisive factor [13]. These patients should
be regularly monitored due to their high risk of developing papillary thyroid carcinomas.

Multiple authors have investigated the link between Hashimoto thyroiditis and an
increased risk of developing thyroid cancer, especially papillary thyroid cancer. In this
study, 39.4% of the patients incidentally diagnosed with a PTMC had histopathologically
confirmed Hashimoto thyroiditis (HT)/chronic lymphocytic thyroiditis (CLT). Hu et al. [14]
performed a systematic review and meta-analysis of the cancer risk in Hashimoto’s thy-
roiditis and found an increased risk of developing thyroid cancer (RR = 1.49 p < 0.067). The
increased risk is attributed to chronic inflammation [14-18], especially through the release of
free oxygen radicals, inflammatory cytokines [14], and the expression of oncogenes [15,18].
Unger et al. [15] found a potentially linked expression of p63 in patients with Hashimoto’s
thyroiditis and patients with papillary thyroid carcinomas. Jackson et al. [16] also found a
1.5-fold increased risk of developing PTCs in patients with chronic lymphocytic thyroiditis
while conducting a retrospective study of 1268 patients. Vargas-Uricoechea [17] notes a
potential pathobiological link between autoimmune thyroid disease (Graves and HT) and
thyroid cancer, especially papillary thyroid carcinoma, during their review of the literature.
They stress, however, that the existing evidence from observational studies is not enough
to establish causality [17]. Interestingly, they mention that the category of patients with
“indeterminate” nodules (Bethesda IIl and IV) may benefit from better classification by
using molecular markers [17]. Finally, Lee et al. [18] conducted a 9 year retrospective
study of 2928 patients and found that chronic lymphocytic thyroiditis correlated positively
with multifocality, smaller tumour size, extrathyroidal extension, and p53 expression but
negatively with lymph node metastases.

Due to the uncertain clinical progression of papillary thyroid microcarcinomas, com-
munication with the patient is key so that they are fully informed about the risks and
benefits of different management options—surgical vs. active monitoring—and that they
can be actively involved in the decision-making process [19]. Fine needle aspiration is
known to be useful in the diagnosis of thyroid nodules. However, the role of fine needle
aspiration cytology (FNAC) in patients with multinodular goitre remains controversial, es-
pecially when aiming to diagnose microcarcinomas. Lasithiotakis et al. reported suspicious
FNA findings for carcinomas in 6.7% of cases [19], while Baier et al. had a 12% rate of false
negative samples [20]. Miccoli et al. found the role of fine needle aspiration cytology in
their study of incidental thyroid carcinomas to be inconclusive, even for tumours larger
than 2 cm [21]. Evranos et al. concluded that cytologically suspicious nodules proved to
be benign in surgical pathology, while cancer foci were identified in previously undefined
areas of the thyroid in patients with incidentally diagnosed carcinomas [22]. None of the
33 patients that were included in this study had suspicious features on imaging and thus
did not undergo FNA.

The size of microcarcinomas poses challenges in diagnosis both when imaging and
when performing fine needle aspiration on such lesions. In the current study, the mean
maximal diameter of multifocal PTMC and unifocal PTMC was 3.5 mm =+ 0.19 SD and
3.5 mm =+ 0.23 SD, respectively. A total of 11 patients had co-existing papillary thyroid
carcinomas > 1 cm in diameter. It is evident that in cases of underlying multinodular goitre,
the challenges are increased due to the morphology of the underlying gland. Lucandri
et al. support this as they found that the mean diameter of non-incidental papillary thyroid
microcarcinomas is double when compared to the incidental PTMC group (7.2 vs. 3.8 mm;
p < 0.001) [23].

In most cases of patients with papillary thyroid microcarcinoma, the life expectancy
is excellent, with a mortality of <1% in 20 years [1]. Despite the excellent life expectancy,
papillary thyroid microcarcinomas often metastasise to cervical lymph nodes and occa-
sionally to distant sites [1]. In the 4-16% of patients that have a local recurrence, the risk
for distant metastasis is significantly higher [1]. Kaliszewski et al. [24] investigated the
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high-risk characteristics of papillary thyroid microcarcinomas in order to aid in guiding the
management of such patients, especially when considering active surveillance versus more
limited surgical resections, for example, a hemithyroidectomy. They found that an age of
>55 years, hypoechogenicity, microcalcifications, irregular tumour shape, smooth margins,
and high vascularity increased the risk for minimal extrathyroidal extension, lymph node
metastasis, and capsular and vascular invasion [24]. Tt is certainly evident that some of
these characteristics are very difficult to identify, both due to the small size of these lesions
as well as due to the frequent lack of clinical suspicion. The findings of Slijepcevic et al. [25]
are in agreement with Kaliszewski et al. [26] when it comes to the size of the lesion. They
both mention that lesions under 5 mm are less likely to have intrathyroid extension and
lymph node or distant metastases. The characteristics of imaging, and especially conven-
tional ultrasound that is mentioned above (hypoechogenicity, microcalcifications, tumour
shape, margins, and vascularity), are useful when aiming to categorise thyroid nodules,
especially when attempting to identify malignant nodules. The Thyroid Imaging Reporting
and Data System (TIRADS) has been developed and used widely based on such ultra-
sound characteristics. The TIRADS system is not particularly useful in “indeterminate
nodules”, for example, TIRADS III. Chen et al. [27] used conventional ultrasound-based
radiomics to create a predictive model for identifying papillary thyroid microcarcinomas
in patients with TIRADS IIl nodules. They created three predictive models: one based on
radiomics, one using clinical features, and a predictive model combining both. They found
excellent predictive results for papillary thyroid microcarcinoma in TIRADS III nodules.
Interestingly, there was no statistical difference between the radiomics-based model and
the combined radiomics-clinical-based model [27]. These results show promise for more
accurate diagnostic techniques and better risk stratification of patients with benign thyroid
disease and suspected papillary thyroid microcarcinomas.

In recent years, molecular profiling has become more feasible due to next-generation
sequencing technology. Molecular profiling is the focus of many studies for different
types of cancer. There is hope that these studies will aid the overall individualisation
of risk profiling and cancer management in the future. Li et al. [28] performed whole
exome and RNA sequencing on 64 patients with a papillary thyroid microcarcinoma
(PTMC) and compared their findings to the patients in the Cancer Genome Atlas Program
(TCGA). Apart from the well-known BRAF and RET mutations, they identified a molecular
signature that they named PTMC-inflammatory, which they hypothesise presents a link to
immune intervention [28]. Molecular profiling and further understanding of the immune
microenvironment of these tumours can aid in the better classification of thyroid papillary
microcarcinomas and risk stratification of patients. It can also provide potential targets for
individualised treatment strategies, especially immunotherapy.

Papillary thyroid microcarcinomas are often multifocal (15.5-40% in surgical series
and >80% in systematic autopsy studies) [1]. In the current study, 72.7% of PTMCs were
multifocal, a percentage higher than reported in most surgical series. Kaliszewski et al.
showed that multifocal or bilateral tumours and tumour sizes above 5 mm were the
best predictors of lymph node metastasis in papillary thyroid microcarcinomas and thus
require a more aggressive treatment approach; capsular invasion, age, and gender were not
found to be statistically significant risk factors [26]. They also note that in cases of lymph
node metastases or tumours larger than 5 mm, the entirety of thyroid tissue should be
pathologically examined to exclude the multifocality of PTMCs [26]. This would result in a
completion thyroidectomy in case a thyroid lobectomy was initially performed. Maturo
et al. noted that the microcarcinoma foci were frequently found in the Zuckerkandl tubercle
or in the pyramidal lobe, areas that are often not excised during thyroid lobectomy [29].

One of the main arguments used against a total thyroidectomy in benign thyroid
disease is the increased risk for postoperative hypoparathyroidism as well as injury to
recurrent laryngeal nerves. The postoperative complication rates reported in this study,
0.70% hypoparathyroidism and 0.94% unilateral vocal cord paresis, are similar to the
postoperative complication rates reported in patients who underwent lobectomy [29,30].
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Studies from specialist thyroid surgery units argue that the recurrent laryngeal nerve
dissection technique, as well as thyroid vessel ligation near the thyroid capsule in total
thyroidectomy by specialist thyroid surgeons, reduces the complication rates to levels
comparable to lobectomy [29-31]. It needs to be stressed that a completion thyroidectomy
in case of local recurrence post-lobectomy is certainly a more challenging operation with
much higher complication rates [30].

The main limitation of this study is that it is a retrospective study from a single centre.
The main benefit of the study, apart from the reasonable number of participants, is that all
patients were operated by the same specialist endocrine surgical team and all specimens
were examined in the same histopathology laboratory by histopathologists specialising in
endocrine and thyroid pathology.

5. Conclusions

Papillary thyroid microcarcinomas are a common incidental finding in patients with
benign thyroid disease, especially multinodular goitre. The incidental diagnosis of such
lesions presents a challenge for the endocrine surgeon and can be especially stressful for
the patient. It is important to consider all therapeutic options and tailor them to each
patient based on their individual risk profiles in addition to the imaging characteristics and
cytological characteristics of the microcarcinoma.

Based on the findings of this study, as well as a review of the literature, a total
thyroidectomy should be considered as the operation of choice in patients with benign
thyroid disease requiring surgical excision, especially in the case of multinodular goitre.
Patient selection as well as open communication with the patient and the multidisciplinary
team remain key in the management and follow-up of these patients.

There are multiple studies focusing on novel techniques for risk stratification and
diagnosis of patients with papillary thyroid microcarcinomas. The improvement of imaging
techniques, as well as the incorporation of computational methods and the development of
radiomics, provide promise for more accurate diagnosis and individualisation of treatment
approaches for patients with thyroid microcarcinoma. It should aid in providing the
utmost diagnostic accuracy in order to avoid overtreatment without misdiagnosing in
this particular patient group. Further prospective, randomised trials, as well as studies
focusing on the molecular characteristics and immune microenvironment of papillary
thyroid microcarcinomas, are needed in order to understand this distinct category of
thyroid tumour and to determine the best treatment strategy for this increasingly common
and diverse group of patients.
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Abstract: Background and Objectives: Recently, the single-port (SP) robotic system was introduced
for minimally invasive operative techniques. Thus, this study aimed to validate the safety and
feasibility of SP trans-axillary robotic thyroidectomy (SP-TART) through experiences in a single
tertiary institution. Materials and Methods: This study retrospectively analyzed 100 consecutive
patients who underwent SP-TART from October 2021 to June 2022 in Seoul St. Mary’s Hospital
in Seoul, Korea. We analyzed the clinicopathological characteristics and perioperative outcomes,
including complications. Results: Less than total thyroidectomy (LTT) was performed in 81, total
thyroidectomy (TT) in 16, and TT with modified radical neck dissection (mRND) in 3 patients. The
mean operation time (min) was 53.3 £ 13.7, 86.3 & 15.1, and 245.7 & 36.7 in LTT, TT, and TT with
mRND, respectively. The mean postoperative hospital stay was 2.0 +- 0.2, 2.1 4 0.3, and 3.7 & 1.5 days,
respectively. A total of 84 cases of thyroid cancer were included, and 97.6% of them (82 cases) were
papillary carcinoma and the rest were follicular and poorly differentiated carcinomas. Regarding
complications, five cases had major complications, including three cases of vocal cord palsy and
two cases of transient hypoparathyroidism. Conclusions: SP-TART is safe and feasible with a short
operation time and a short length of hospital stay.

Keywords: robotic thyroidectomy; single-port robotic system; safety and feasibility; trans-axillary
thyroidectomy

1. Introduction

Thyroid cancer is the most common cause of thyroidectomy. An estimated 43,800 adults
will be diagnosed with thyroid cancer this year in the United States according to cancer
statistics released by the American Cancer Society [1].

In the mid-2000s, robotic thyroidectomy was first introduced using a gasless trans-
axillary approach [2,3]. Then, endocrine surgeons tried various types of remote access
approaches, such as the bilateral axillo-breast, the gasless post-auricular facelift, and the
trans-oral approach [4,5]. Trans-axillary robotic thyroidectomy (TART) is an application
of an endoscopic thyroidectomy to a robotic system. Huscher et al. performed the first
endoscopic thyroidectomy after Gagner pioneered the endoscopic parathyroidectomy [6,7].
Later, Chung et al. devised a gasless trans-axillary technique [8,9].

Conventional open thyroidectomy (COT) using Kocher’s incision was long considered
a safe operation among surgeons. However, COT is associated with two disadvantages.
One is swallowing discomfort due to adhesion between the subplatysmal flap and the
strap muscles [10]. Two is the scar location which is prone to exposure [11]. TART with a
multi-port robotic system became widespread in Asian countries, where people care about
other people’s eyes or opinions because it can hide scars. Additionally, the short access
distance from the armpit of Asian patients would have helped surgeons try TART in the
early stage.

TART with the previous robotic system still has drawbacks [8,12], such as longer
incisions and a broader extent of the skin flap than COT. Endoscopic thyroidectomy uses
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the same surgical instruments as in laparoscopic surgery, whereas TART uses three robotic
arms with wrist articulation for counter-traction, dissection, and cutting with cauteriza-
tion. However, the two methods require the same anatomical working space where an
external retractor is inserted to lift the sternal head of the sternocleidomastoid muscle
(SCM) and strap muscles surrounding the thyroid gland [2]. Therefore, some patients have
postoperative pain and paresthesia in the supra- and infra-clavicular areas [13].

The single-port (SP) robotic system (Intuitive Surgical Inc., Sunnyvale, CA, USA) has
advantages when it comes to thyroid surgery. SP trans-axillary robotic thyroidectomy
(SP-TART) requires a shorter incision length and a narrower skin flap for working space
that enables less sensory nerve injury [5]. However, little is known about its safety and
feasibility. Thus, this study aimed to share experiences and help endocrine surgeons who
would like to introduce SP-TART by reporting consecutively performed 100 cases in a
single tertiary institution.

2. Materials and Methods
2.1. Patients

This study retrospectively analyzed 100 consecutive patients who underwent SP-TART
from October 2021 to June 2022 in Seoul St. Mary’s Hospital in Seoul, Korea. All patients
who underwent SP-TART during the period were enrolled regardless of pathology or
surgical extent. All operations were performed by a single surgeon (K.K.). The medical
charts and pathology reports were reviewed and analyzed. There were no selection criteria
for SP-TART, which was performed for all the patients who agreed with our procedure and
possible complications.

This study was conducted following the Declaration of Helsinki (as revised in 2013)
and approved by the Institutional Review Board of Seoul St. Mary’s Hospital, the Catholic
University of Korea (approval No.: KC22RISI0657), which waived the requirement for
informed consent due to the retrospective nature of the study.

2.2. Operative Procedure of Less Than Total Thyroidectomy (LTT)

The patient is positioned supine with a soft pillow behind their shoulders to allow
for neck extension under general anesthesia. The lesion-side arm is lifted overhead and
fastened to expose the axilla. Landmarks, such as the cricoid cartilage, the sternal notch,
and the upper pole of the ipsilateral lobe, are marked. A 3.5-4 cm curvilinear skin incision
is made just posterior to the anterior axillary line so that the scar is covered when the arm
is lowered. A subcutaneous skin flap is made along the anterior surface of the pectoralis
major muscle and clavicle until the SCM is identified. The SCM is exposed after opening
the superficial layer of the deep cervical fascia and raising the subplatysmal skin flap. The
avascular plane between the sternal and clavicular heads of the SCM is identified and
separated. The dissection is continued until the omohyoid, and other strap muscles are
identified. The ipsilateral lobe of the thyroid gland is exposed after lifting the lateral border
of the strap musculature upward and the internal jugular vein (IJV) downward. The space
between the strap muscles and the thyroid gland is further dissected. After visualizing the
upper pole of the ipsilateral lobe and part of the contralateral lobe of the thyroid gland,
an external retractor [2] is inserted through the axillary skin incision to elevate the strap
muscles. The procedure described above is based on the gasless method without using
CO; insufflation during surgery.

The camera and instruments are inserted into the surgical field through a single
cannula placed lateral to the skin incision. In the cannula, a camera is placed on the bottom;
two pairs of Maryland dissecting forceps with bipolar electrocautery are positioned on
both lateral-side arms, and a pair of Cadiere forceps are inserted on top.

All dissection and vessel ligations are performed via the Maryland bipolar dissectors.
Intraoperative neuromonitoring is utilized for all patients. Thyroidectomy proceeded in
the same manner as previous trans-axillary approaches with a single incision. The operator
is seated at the console, and the assistant is placed next to the lesion-side of the patient.
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The clavicular head of the SCM and the IJV are softly retracted downward with the suction
device by the assistant. The ipsilateral lobe of the thyroid gland is retracted in the caudal
direction. Dissection proceeded until the upper pole of the ipsilateral lobe is sufficiently
mobilized. The superior thyroidal vessels are ligated in contact with the thyroid gland to
preserve the external branch of the superior laryngeal nerve. The superior and inferior
parathyroid glands are identified, dissected, and gently swept laterally while keeping the
vasculature intact. Cadiere forceps are used to medially retract the ipsilateral lobe to better
visualize the tracheoesophageal groove and the course of the recurrent laryngeal nerve
(RLN). The perithyroidal tissue is dissected keeping the nerve from thermal injury by the
energy device once the nerve is identified near the lower pole of the ipsilateral lobe. The
ipsilateral lobe is carefully retracted and dissected from the trachea using a Maryland
dissector. Care is taken to avoid thermal injury to the RLN at the ligament of Berry. The
surgical specimen is removed through the axillary skin incision with a laparoscopic grasper.
The Nerve Integrity Monitor (Medtronic Inc., Minneapolis, MN, USA) is utilized to confirm
the RLN function. After the closed suction drain insertion, the axillary skin incision is closed
with an absorbable subcuticular skin stapler (INSORB, Incisive Surgical Inc., Plymouth,
MN, USA).

2.3. Operative Procedure of Total Thyroidectomy (TT)

The flap dissection for working space and the ipsilateral thyroid lobectomy is the
same as the LTT procedure. However, an external retractor is inserted in a slightly upper
direction than ipsilateral lobectomy due to the difficulty of approaching the contralateral
upper pole of the thyroid gland. The contralateral thyroid lobectomy proceeds after taking
out the specimen of the ipsilateral lobe of the thyroid gland of the neck.

The isthmic portion is first dissected and detached from the trachea to complete the
thyroidectomy. Afterward, the upper pole of the contralateral lobe is dissected to be
sufficiently mobilized. Care should be taken for the course of the RLN and the location of
the parathyroid glands when dissection proceeds.

2.4. Operative Procedure of Modified Radical Neck Dissection (mRND)

The patient is placed in the supine position on the operating table with a soft bar below
the shoulders under general anesthesia. The lesion-side arm is abducted to expose the axilla
and lateral neck. A 7-10-cm skin incision is made in the axilla along the anterior axillary
fold and the lateral border of the pectoralis major muscle. The flap is medially dissected
over the SCM toward the midline of the anterior neck under the platysma muscle. Laterally,
the trapezius muscle is identified and dissected upward along its anterior border. The
mRND procedure is similar to that of the open-conventional procedure after the docking
procedure with an external retractor. After finishing levels III, IV, and V node dissections,
redocking is required to provide a better view for level II lymph node (LN) dissection.
The external retractor is removed and reinserted through the axillary incision toward the
submandibular gland superiorly. A drainage tube is inserted under the incision line after
delivering the specimen. Finally, the wound is cosmetically closed [14].

2.5. Surgical Outcome Assessment

Surgical outcomes were evaluated based on the medical chart review of all patients
to collect data on tumor size, multifocality, extrathyroidal extension (ETE), thyroiditis,
number of harvested and metastatic LNs, amount of blood loss, postoperative hospital
stay, and postoperative complications. The pathologic stage was classified according to the
8th edition of the American Joint Committee on Cancer/Union for International Cancer
Control (AJCC/UICC) tumor-node-metastasis (TNM) staging system. The duration of
surgical phases, including flap elevation, docking, console operation, and total operation
times, was determined.
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3. Results
3.1. Baseline Clinicopathological Characteristics of the Study Patients

Table 1 presents the clinicopathological characteristics of 100 cases in the study. The
mean age was 41.8 & 13.3 (range, 17-69) years, and 9 (9.0%) patients were male. The mean
body mass index was 23.4 + 3.6 (range, 16.5-32.8) kg/m?. LTT was performed in 81 (81.0%)
patients, which included lobectomy with tumerectomy, isthmusectomy, and simple lobec-
tomy. One patient was confirmed to have a poorly differentiated thyroid carcinoma (PDTC)
after lobectomy and underwent completion of TT. Additionally, 16 (16.0%) patients under-
went TT, including this case, while TT with mRND was performed in 3 (3.0%) patients. In
terms of pathology, papillary carcinoma (PTC) accounted for 82%, while follicular adenoma
and noninvasive follicular neoplasm with papillary-like nuclear features were 8% and 3%,
respectively. The mean tumor size was 1.5 & 1.3 (range, 0.3-7.0) cm and 1.3 & 1.2 (range,
0.1-5.9) cm, when measured in ultrasound and pathology, respectively. Thyroiditis was
confirmed in 46 (46.0%) cases.

Table 1. Baseline clinicopathological characteristics of the study patients.

Total 100 Cases
Age (years) 41.8 £ 13.3 (range, 17-69)
Male:Female 1: 10.1 (9:91)
Body mass index (kg/m?) 23.4 + 3.6 (range, 16.5-32.8)
Extent of operation
LIT 81 (81.0%)
T 16 (16.0%)
TT with mRND 3 (3.0%)
Direction of approach
Right/Left 56 (56.0%) /44 (44.0%)
Pathologic subtype
PTC 82 (82.0%)
Follicular adenoma 8 (8.0%)
NIFTP 3(3.0%)
FTC 1(1.0%)
Nodular Hashimoto thyroiditis 1(1.0%)
Oncocytic (Hurthle cell) adenoma 1(1.0%)
Nodular hyperplasia with oncocytic (Hurthle cell) changes 1 (1.0%)
PDTC 1 (1.0%)
Diffuse hyperplasia with Hashimoto thyroiditis 1 (1.0%)
No residual tumor (completion TT) * 1(1.0%)
Tumor size (cm) **
Sonographic (n = 98) 1.5 & 1.3 (range, 0.3-7.0)
Pathologic (n = 97) *** 1.3 4 1.2 (range, 0.1-5.9)
Thyroiditis
Hashimoto/Focal 40 (40.0%) /6 (6.0%)

Data are expressed as the patient number (%) or mean =+ SD. * The patient with PDTC underwent two surgeries
to perform completion TT. ** The tumor size was measured based on the largest one when multifocal tumors
were observed. *** The tumor size was not reported as measured in the pathology of one patient with PTC.
Abbreviations: LTT, less than total thyroidectomy; TT, total thyroidectomy; mRND, modified radical neck
dissection; PTC, papillary thyroid carcinoma; NIFTP, noninvasive follicular neoplasm with papillary-like nuclear
features; FTC, follicular thyroid carcinoma; PDTC, poorly differentiated thyroid carcinoma.

3.2. Perioperative Outcomes According to the Extent of Operation

Table 2 summarizes the perioperative outcomes according to the extent of the operation.
the mean operation time (min) was 53.3 & 13.7, 86.3 £ 15.1, and 245.7 £ 36.7, and the
average amount of blood loss (ml) was 8.4 4 5.4, 23.3 - 48.9, and 38.3 £ 53.5in LTT, TT, and
TT with mRND, respectively. The mean postoperative hospital stay was 2.0 0.2, 2.1 £ 0.3,
and 3.7 £ 1.5 days, respectively. Out of 9 patients who had postoperative complications,
6 (7.4%) underwent LTT, 2 (12.5%) underwent TT, and 1 (33.3%) underwent TT with mRND.
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Table 2. Perioperative outcomes according to the extent of operation.

LTT (n=81) TT (n = 16) TT with mRND (n = 3)

Operation time (min) 53.3 £13.7 86.3 £ 15.1 245.7 £+ 36.7
Flap time 14.8 £2.8 22.8 +£3.6 39.0+5.6
Docking time 21+09 2.0£0.0 4000

Console time 225499 478 £12.2 158.0 +14.4

Blood loss (ml) 84+54 23.3 +489 38.3 +53.5
Hospital stay (POD) 20402 214+03 3.7+£15
Postoperative complications 6 (7.4%) 2 (12.5%) 1(33.3%)

Data are expressed as the patient number (%) or mean =+ SD. Abbreviations: LTT, less than total thyroidectomy;
TT, bilateral total thyroidectomy; mRND, modified radical neck dissection; POD, postoperative day.

3.3. Clinicopathological Characteristics of Patients with Cancer

The clinicopathological characteristics of patients with cancer are demonstrated in
Table 3. On a pathological basis, 84 cases were cancer. Additionally, 82 (97.6%) cases were
PTC, while the others were 1 (1.2%) follicular carcinoma and 1 (1.2%) PDTC. Surgical extent
accounted for 79.8%, 20.2%, and 3.6% for LTT, TT, and TT with mRND, respectively. The
mean tumor size was 1.3 £ 1.3 (range, 0.3-7.0) cm and 1.1 & 1.2 (range, 0.1-5.9) cm, when
measured in ultrasound and pathology, respectively. Multifocal tumors were observed
in 30 (35.7%) cases. Tumors were invaded to the outside of the capsule of the thyroid
gland in approximately two-thirds of the patients with cancer (55 cases, 65.5%), of which
5 (6.0%) cases had gross ETE. Thyroiditis was pathologically confirmed in half of the
patients with cancer (42/84 cases). In terms of 81 patients (96.4% of cancer cases) who
underwent LN dissection, the mean harvested LNs was 8.0 £ 9.0 (range, 0-56), while LNs
positive for metastasis were 2.4 + 4.8 (range, 0-27). According to the eighth version of
the AJCC/UICC TNM staging system, 79 (94.0%) patients were pathological stage I, and
5 (6.0%) were stage II.

Table 3. Clinicopathological characteristics of the patients with cancer.

Total 84 Cases

Extent of operation

LTT/TT/mRND 67 (79.8%) /14 (16.6%) /3 (3.6%)
Pathologic subtype
PTC 82 (97.6%)
FTC 1(1.2%)
PDTC 1(1.2%)
Tumor size (cm)
Sonographic 1.3 & 1.3 (range, 0.3-7.0)
Pathologic 1.1 4 1.2 (range, 0.1-5.9)
Multifocality 30 (35.7%)
ETE
Minimal/Gross 50 (59.5%)/5 (6.0%)
Thyroiditis
Hashimoto/Focal 36 (42.9%)/6 (7.1%)
LN dissection 81 (96.4%)
Harvested LNs 8.0 & 9.0 (range, 0-56)
Positive LNs 2.4 + 4.8 (range, 0-27)
T stage
Tla/T1b/T2/T3a/T3b 59 (70.2%) /12 (14.2%) /3 (3.6%) /5 (6.0%) /5 (6.0%)
N stage
NO0/N1la/N1b/Nx 38 (45.2%) /39 (46.4%) /3 (3.6%) /4 (4.8%)
TNM stage
Stage 1/11 79 (94.0%)/5 (6.0%)

Data are expressed as the patient number (%) or mean + SD. Abbreviations: LTT, less than total thyroidectomy;
TT, bilateral total thyroidectomy; mRND, modified radical neck dissection; PTC, papillary thyroid carcinoma;
FTC, follicular thyroid carcinoma; PDTC, poorly differentiated thyroid carcinoma; ETE, extrathyroidal extension;
LN, lymph node; T, tumor; N, node; M, metastasis; TNM, tumor-node-metastasis.
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3.4. Postoperative Complications of the Study Participants

Postoperative complications are listed in Table 4. Nine patients experienced postop-
erative complications, including three vocal cord palsy, two surgical site infections, and
two transient hypoparathyroidisms. Additionally, chyle leakage, bleeding at the drain
insertion site, and wound dehiscence occurred in one case each. Of the patients with vocal
cord palsy, two patients developed after LTT while one patient was after TT. A case of
intraoperative transection of the recurrent laryngeal nerve was developed in one patient
during left thyroid lobectomy.

Table 4. Postoperative complications of the study participants.

Total 100 Cases
Vocal cord palsy 3 (3.0%)
Surgical site infection 2 (2.0%)
Transient hypoparathyroidism * 2(2.0%)
Chyle leakage ** 1 (1.0%)
Drain insertion site bleeding 1 (1.0%)
Wound dehiscence 1 (1.0%)

Data are expressed as the patient number (%). * One was developed after TT while the other was after TT with
mRND. ** The same patient experienced chyle leakage and transient hypoparathyroidism after TT with mRND,
left. Abbreviations: TT, bilateral total thyroidectomy; mRND, modified radical neck dissection.

4. Discussion

The concept of endocrine surgery has changed with time. In the past, surgeons were
focused on the organ that had to be removed. Some patients suffered from voice change
or hypocalcemia postoperatively. Nowadays, both surgeons and patients are interested in
preserving the function of adjacent structures as much as possible. Since Gagner published
a paper on the first endoscopic subtotal parathyroidectomy, many have developed remote-
access thyroid surgery with various approaches [6,7]. However, the experience of TART
is limited to a few countries, such as South Korea [15]. Concerns about different surgical
outcomes between TART and COT remained [16]. We analyzed 100 consecutive patients
who underwent SP-TART at a single tertiary institution. Herein, we would like to discuss
our learning from our experience.

SP robotic system has a single arm with a flexible scope and three multi-jointed instru-
ments that can easily approach blind spots without preparing a broad flap dissection [17,18].
The camera and instruments in the previous multi-port system have no flexibility, but it
was multiple arms connected with them that moved. In comparison, the latest flexible
system has instruments with multiple joints in the distal part to move like a fiber-optic
endoscope. Making a long vertical incision and creating a broad flap dissection along the
pectoralis major muscle and the clavicle was not necessary because the proximal part of
the instruments and the camera are rigid and clustered like a bundle in a single cannula.
The three-dimensional high-resolution camera is fully wristed to reach narrow spaces or
blind spots. With the high resolution of the camera and the counter-traction of the third
arm, differentiating the parathyroid glands and finding the course of the RLN was much
easier in TART than in COT.

Kim et al. studied 200 cases of SP-TART and revealed that the position of the patient’s
arm was laterally extended during upper pole dissection [18]. In contrast, we never had the
patient’s arm moved during surgery. All patients were kept in the same position during all
surgical procedures. The lesion-side arm was fixed overhead so that the armpit could be as
close to the neck as possible for those who underwent LTT and TT. Patients who underwent
TT with mRND were positioned with their lesion-side arm laterally extended.

A 3.5-4-cm long incision was made for LTT and TT, while a 7-8-cm long incision for
TT with mRND. Based on our experience, relatively short incisions and a narrow extent
of flap dissection were needed for SP-TART compared to the previous robotic system. A
3.5-4 cm long incision was sufficient to make a working space and for the instruments and
camera to move, regardless of tumor size. Despite the smaller incision size, putting gauze
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in or taking the specimen out was not as difficult for the assistant as the previous multi-port
robotic system. Less collision with the instruments occurred in the SP robot setting.

The operative view of TART is a lateral view which is similar to COT. Manipulating
the upper pole of the ipsilateral lobe and dissecting the central LNs is relatively easier
compared with the bilateral axillo-breast or trans-oral approach [2,19]. However, the upper
pole of the contralateral lobe is more difficult to approach when performing TT. In this
study, the console time was 22.5 £ 9.9 min in the LTT group (n = 81), while 47.8 + 12.2 min
in the TT group (n = 16), which was more than twice as long. This time difference will be
shorter, as the surgeon gets more experienced.

The absence of neck incision postoperatively is one of the greatest benefits of SP-TART.
The normal arm position conceals the surgical scar in the axilla, providing good cosmetic
results [11]. Most of the patients undergoing thyroid surgery are females and are under
the age of 40 years. In our data, the mean age of 100 patients was 41.8 years and 91 of
them were female. Some young females, especially those who are interested in beauty, are
reluctant to expose surgical wounds. Endocrine surgeons need to cater to those needs. The
axillary approach has the advantage of avoiding swallowing symptoms postoperatively in
addition to cosmetic outcomes [11]. Several studies revealed that TART is safe and feasible
and not inferior to COT [19-22].

SP-TART is a safe operation regardless of the patient’s physique. Creating a working
space via the axilla is easier in female patients with short height than in tall males or
obese patients due to the difference in the extent of the skin flap [23]. However, this is
not difficult for an experienced surgeon to overcome. Data from Yonsei University in
South Korea revealed that obesity was not a major factor that affect the oncological and
surgical outcomes of TART [24]. This study revealed that 6 patients have a body mass
index of >30 kg/m?, and one of them experienced vocal cord palsy postoperatively due to
intraoperative transection of the RLN. Making trans-axillary skin flaps is considered more
difficult in male patients due to the long distance and tightness. Our data included 7 male
patients, of whom two had postoperative complications. One experienced vocal cord palsy
after TT and the other experienced transient hypoparathyroidism and chyle leakage after
TT with mRND.

Generally, TART does not differ in the oncological outcome of low-risk groups with
early thyroid cancer compared to COT [2,12,25-27]. The demand for TART increased as
the number of patients with thyroid microcarcinoma increased in the 2010’s due to the
development of ultrasound images in quality. Furthermore, TART was performed for
advanced patients who needed mRND. The 5-year surgical and oncological outcomes
between open mRND and robot mRND groups were not significantly different [28].

This study included three patients who underwent TT with ipsilateral mRND. Dis-
secting LNs at the upper jugular level was easier with SP robotic system than the previous
robotic system developed for multi-port surgery. All the procedures, including both thyroid
glands and supraclavicular LN dissection, were performed with the patient’s arm laterally
extended. Afterward, de-docking and redocking were needed for more flap dissection to
create a working space. The patient’s head was rotated toward the contralateral lobe and
the external retractor [18] was reinserted so that the tip of the retractor could reach the
upper jugular level of the ipsilateral lateral neck. We learned that additional retraction
by an assistant was not necessary when dissecting the LNs at level II with the help of the
flexible instruments and camera.

Studies on postoperative pain of TART were reported. Prospective studies reported
that TART did not cause less postoperative pain than COT [13,29]. Similarly, we observed
that quite a few patients had a hard time with postoperative pain at the location of subcu-
taneous flap dissection after SP-TART. We performed ultrasonography-guided pectoralis
nerve block II before making an incision for some patients undergoing SP-TART (n = 28)
and compared the visual analog scale with the no-block group (n = 27). The block group
had significantly lower pain scores than the no-block group [30]. SP-TART may cause pain
shortly postoperatively, but it can be overcome by a pectoralis nerve block.
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One of the shortcomings of TART is sensory nerve injury caused by subcutaneous flap
dissection [5]. Some patients appeal to paresthesia on the supra- and infra-clavicular region
for several months postoperatively. The flexible SP robotic system enabled less extent of
flap dissection which led to minimizing the sensory nerve injury.

This study has limitations. One is its retrospective nature. Additionally, there is
something to consider as selection bias in this study. Getting enough profits from treatment
covered by insurance is difficult in South Korea. Robotic surgery is not covered by public
health insurance; thus, it has been facilitated for the last decade. Some patients can afford
to pay private insurance, while others cannot. Therefore, there may be more demand for
robotic surgery in certain regions with better socioeconomic status.

Of the total 100 cases in this study, 10 were complicated, and 5 of them were associated
with the RLN and the parathyroid gland. Bleeding occurred in one case. No case was con-
verted to open surgery intraoperatively, and there was no re-operation case postoperatively.
Considering the small sample size of this study, SP-TART is safe and feasible with a low
complication rate and short postoperative hospital stay. The complication rate will decrease
as the surgical team gets more experience.

5. Conclusions

To our best knowledge, SP-TART is safe and technically feasible with a short incision
length, a short hospital stay, and a relatively low complication rate. However, further
prospective studies are needed to verify the technical feasibility and evaluate the oper-
ative outcomes. We expect this study to help endocrine surgeons who would like to
perform SP-TART.
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Abstract: Background and Objectives: As the global aging population grows, the incidence of thy-
roidectomy in elderly patients is increasing. This study aimed to evaluate the surgical outcomes
of thyroidectomy in patients aged 80 years and older. Materials and Methods: All patients aged
80 years and older who underwent thyroidectomies at our hospital between January 2015 and De-
cember 2022 were reviewed in this retrospective cohort study. Collected data consisted of patients’
clinical characteristics, functional status, compression symptoms, preoperative assessments, periop-
erative outcomes, postoperative complications (such as bleeding events, recurrent laryngeal nerve
injury, hypocalcemia), pathological findings, readmission, and follow-up outcomes. Results: Seven-
teen patients were included in this study, with female predominance (82.4%). The mean age was
85.6 + 4.8 years. Fourteen patients (82.4%) exhibited compression-related symptoms as surgical
indications. Based on pathological reports, patients were categorized into benign (12/17, 70.6%)
and malignancy (5/17, 29.4%) groups. The benign group had a shorter operation time compared
with the malignancy group (164.3 & 32.0 min vs. 231.0 £ 79.1 min, p = 0.048). No major postop-
erative complications developed. The median postoperative follow-up duration was 28 months
(range: 2-91 months). Thirteen patients (76.5%) were alive at the end of the study period. Conclusions:
Despite potential age-related risks, thyroidectomy is feasible for carefully selected patients aged
80 years and older. It provides benefits not only in terms of oncological curative treatment but also in
improving the quality of life, such as compressive symptoms and wound condition.

Keywords: frailty; geriatric; multinodular goiter; thyroid cancer; thyroidectomy

1. Introduction

As disease prevention and medical advancements continue, physicians will be re-
quired to provide care to the growing older patient population. In 2020, 9% of the global
population was aged over 65 years old. According to the population projection report
of Taiwan, it is estimated that by 2025, the country will have a super-aged society, with
individuals aged over 65 accounting for more than 20% of the total population [1]. The
global older population is expected to increase more than twofold in 2050 [2].

Thyroid nodules represent a prevalent condition in the general population, with a
prevalence increasing with age [3]. Older adults also have a higher prevalence of high-risk
thyroid cancer, as well as an increased risk of multimorbidity, functional decline, and
postoperative complications [3,4].

As society continues to age, the proportion of older patients with thyroid tumors also
increases. Understanding the risks and outcomes associated with thyroid surgery in these
patients is crucial.

Thyroid surgery in older patients is mainly performed in cases suspected of malig-
nancy, thyrotoxicosis, or compressive symptoms. However, patients with difficulty in
breathing or shortness of breath often first seek examination by a cardiologist or pulmo-
nologist. This can inadvertently contribute to diagnostic misdirection, as the potential
underlying thyroid disorders may remain unrecognized.
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Clinically, we often encounter patients or their families expressing concerns about
the limited remaining lifespan, which leads to hesitancy regarding surgical interventions
for those over 80 years. Therefore, to ensure that our findings are more applicable to the
clinical setting, we chose a cutoff age of 80 years for our analysis. Additionally, the existing
data are limited and have shown conflicting results, and data on Asian populations are
lacking [5-10]. Therefore, we aimed to evaluate the detailed characteristics and outcomes
of patients aged 80 years and older who underwent thyroid surgery.

2. Materials and Methods
2.1. Patient Population and Study Design

In this retrospective observational cohort study, patients who underwent thyroid-
related surgery at our hospital between January 2015 and December 2022 were identified
using the operation schedule system in the department’s database. Surgery for unilateral
and bilateral total thyroidectomy was included. Patients were included if they were aged
80 years and older while undergoing thyroidectomy. A total of nineteen patients were
included in the study. No patients with anaplastic carcinoma that underwent surgery
were identified. After reviewing their medical records, two patients with thyroid cancer
recurrence and those who underwent neck lymph node dissection without thyroidectomy
were excluded. Subsequently, we selected patients with malignant pathological reports for
further data analysis. This study ended in June 2023.

2.2. Thyroidectomy Protocol

All patients underwent preoperative neck ultrasonography. Patients identified by
the anesthesiology department as having higher surgical risks (such as American Society
of Anesthesiologists [ASA] classification over class 2 and history of heart disease) were
scheduled for preoperative echocardiography to assess cardiac function. If the preopera-
tive electrocardiogram and echocardiography showed any abnormalities, the patient was
referred to a cardiovascular specialist for further evaluation. In cases where percutaneous
coronary intervention or stent placement was needed, the operation was delayed according
to guideline recommendations. All patients’ blood pressure was typically managed to meet
the standards of maintaining systolic blood pressure (SBP) below 180 mmHg and diastolic
blood pressure (DBP) below 110 mmHg before surgery.

Patients presenting with airway symptoms, such as wheezing or difficulty in breathing,
were scheduled for a pulmonary function test to assess lung capacity and function.

All thyroidectomies were performed by each of the two experienced endocrine sur-
geons in our department. One attending surgeon has 13 years of experience, with a
thyroidectomy volume of approximately 250 patients annually and treated 9 patients in
this study. The other surgeon has 15 years of experience, with a thyroidectomy volume
of approximately 180 and treated 8 patients in this study. During surgery, intraoperative
neurophysiological monitoring (IONM) equipment and an energy device (HARMONIC®
scalpel, Ethicon, Cincinnati, OH, USA, or LigaSure™ sealer, Valleylab, Boulder, CO, USA)
were used routinely, unless the patient could not afford the cost.

On the day after total thyroidectomy, both surgeons checked serum total calcium
concentration to see if signs and symptoms of hypocalcemia were observed. One surgeon
routinely monitored serum total calcium concentration on operation day and postoper-
ative day 1, whereas the other surgeon did so only in response to symptomatic patients.
Prophylactic calcium supplementation was not routinely administered following total
thyroidectomy. It was only provided when blood test indicated hypocalcemia (serum total
calcium concentration lower than 8.5 mg/dL) or when signs and symptoms of hypocal-
cemia, such as tingling or muscle cramps were reported. If no complications developed,
the patients were discharged and followed up in the outpatient department two weeks
after surgery. During follow-up, patients were evaluated for improvement of compression
symptoms, surgical site healing, thyroid function, electrolyte conditions, and any delayed
complications.
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2.3. Clinical and Pathologic Characteristics

Clinical characteristics, including age, sex, body mass index (BMI), family history of
thyroid disease, functional status, comorbidities, modified frailty index (mFI) score, history
of other cancers, compression symptoms, preoperative image evaluation, ASA classification,
size of the dominant tumor, fine-needle aspiration cytology (FNAC) results, use of IONM
or energy devices, operation time, intraoperative blood loss, length of postoperative stay, in-
hospital complications, postoperative survival time, and follow-up period, were collected.

The patients’ preoperative functional status was classified into three categories, in-
dependent, partially dependent, and totally dependent, as assessed 30 days prior to the
operation. Independence means that no assistance is required for daily activities, even
with prosthetics or devices. Partial dependence refers to the need for assistance in daily
activities, regardless of the use of equipment or aids [11]. Chronic kidney disease (CKD)
was defined as an estimated glomerular filtration rate (¢GFR) below 60 mL/min/1.73 m?2
and categorized by stage according to the KDIGO guideline. Compression symptoms,
including palpable mass, foreign body sensation, difficulty in breathing, dysphagia, and
voice change, were analyzed. The size of the dominant tumor was determined using neck
ultrasonography or computed tomography (CT). The results of TI-RADS (Thyroid Imaging
Reporting and Data System) were collected. FNAC results were based on the Bethesda
System for Reporting Thyroid Cytopathology.

The duration of surgery was defined as the time from the initial skin incision to the
completion of skin closure. The weight and volume of the excised thyroid glands were
evaluated based on pathology reports. The events of postoperative intensive care unit
(ICU) stay, delayed extubation, and blood transfusions were recorded. Postoperative com-
plications, such as bleeding events, recurrent laryngeal nerve (RLN) injury, hypocalcemia,
wound infection, pneumonia, cardiovascular events, and mortality, were recorded. Return
to the emergency department and the need for readmission within 30 days of the procedure
were recorded. The classifications of the thyroid pathologies were based on the final perma-
nent pathological reports, which were reviewed by experienced pathologists. The benign
thyroid pathology included nodular goiter, follicular adenoma, follicular neoplasm, and
follicular nodular disease. The malignant tumors included papillary thyroid carcinoma,
poorly differentiated carcinoma, Hiirthle cell carcinoma, and follicular carcinoma.

This study was approved by the Institutional Review Board of Taichung Veterans
General Hospital (TCVGH-IRB No. CE23063C, 7 March 2023) and ended on 30 June 2023.

2.4. Statistical Analysis

Statistical analyses were performed using SPSS ver. 22 (IBM Corp., Armonk, NY,
USA). Chi-square or Fisher’s exact tests were used to analyze categorical variables. For
continuous variables, the Shapiro-Wilk test was used to test the normality of the sample
distribution. A paired t-test or Mann—-Whitney U test was used to compare continuous
variables. Statistical significance was set at p < 0.05.

3. Results
3.1. Clinical Characteristics of the Patients before Thyroidectony

In this retrospective cohort study, 17 patients aged 80 years and older were analyzed.

Benign disease was found in 12 of 17 (70.6%) patients, and malignancy was confirmed
in five (29.4%) patients. Based on the pathological report, the patients were divided into two
groups: benign and malignant. The clinical characteristics of each group are summarized in
Table 1. The mean age was 85.6+4.8 years, with a notable female predominance (14 patients,
82.4%). Patients with benign diseases exhibited a mean age of 84.4 + 2.9 years, which
was lower than that of patients with malignant diseases (88.4 + 7.4 years). However, this
difference was not significant (p = 0.339).

The functional status of most patients was independent (10 patients, 58.8%), followed
by partially dependent (7 patients, 41.2%). None of the patients were completely dependent.
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The participants exhibited chronic comorbid conditions, including hypertension in
12 patients (70.6%) and CKD in 9 patients (52.9%, Supplementary Table S1). Chronic anemia,
type 2 diabetes mellitus (DM), history of other cancers, and chronic pulmonary disease
were observed in 35.3%, 30.4%, 17.6%, and 11.8% of patients, respectively. One patient had
end-stage renal disease and underwent hemodialysis.

Table 1. Preoperative clinical characteristics of patients aged 80 years and older.

Characteristics Overall (N =17) Benign (N =12) Malignant (N = 5) p-Value
Age T (years) 85.6 £ 4.8 84.4£29 88.4+74 0.339
Sex, female, n (%) 14 (82.4%) 10 (83.3%) 4 (80%) 1.000
BMI * 245443 242 +49 251+24 0.383
Family history of thyroid disease, n (%) 1 (6%) 0 1 (20%) 0.294
History of thyroidectomy 2 (11.8%) 1 (8.3%) 1 (20%) 0.515
Functional status, n (%) 1.000
Independent 10 (58.8%) 7 (58.3%) 3 (60%)

Partially dependent 7 (41.2%) 5 (41.7%) 2 (40%)

Totally dependent 0 0 0

Comorbidity, n (%)

Type 2 Diabetes mellitus 5 (30.4%) 2 (16.7%) 3 (60%) 0.117
Hypertension 12 (70.6%) 8 (66.7%) 4 (80%) 1.000
Cardiac vascular disease 2 (11.8%) 1(8.3%) 1 (20%) 0.515
Chronic kidney disease 9 (52.9%) 7 (58.3%) 2 (40%) 0.620
Chronic pulmonary disease 2 (11.8%) 2 (16.7%) 0 1.000
Chronic anemia 6 (35.3%) 3 (25%) 3 (60%) 0.280
Other cancers 3(17.6%) 2 (16.7%) 1 (20%) 1.000
Modified Frailty Index ™ 0.16 + 0.12 (0.2 [0-0.4]) 0.15 4 0.12 (0.15 [0-0.4]) 0.18 + 0.11 (0.2 [0-0.3]) 0.574
All compression s mptoms, n (%) 14 (82.4%) 10(83.3%) 4 (80%) 1
Palpable mass or foreign body sensation 11 (64.7%) 7 (58.3) 4 (80%) 0.600
Difficulty in breathing 9 (52.9%) 6 (50%) 3 (60%) 1.000
Dysphagia 6(35.3%) 4 (33.3%) 2 (40%) 1.000
Voice change 2 (11.8%) 1(9.3%) 1 (20%) 0.515
Preoperative evaluation, n (%)

Neck CT scan 10 (58.8%) 6 (50%) 4 (80%) 0.338
TI-RADS T1/T2/T3/T4/T5,n 0/8/4/5/0 0/7/1/4/0 0/1/3/1/0 0.667
Echocardiography 11 (64.7%) 7 (58.3) 4 (80%) 0.600
Lung function test 5 (29.4%) 3 (25%) 2 (40%) 0.472
ASA-1/2/3/4,n 0/6/11/0 0/4/8/0 0/2/3/0 0.605
Dominant tumor size ' (cm) 55428 55423 5.6 +4.2 1
FNAC 15 (88.2%) 11 (91.7%) 4 (80%) 0.447
Time 1[0-17] 1[0-17] 2[0-9] 1.000
Unilateral % 10 (66.7%) 8 (72.7%) 3 (60%) 0.407
Bilateral % 5 (33.3%) 3 (27.2%) 2 (40%) 0.407
Bethesda category

Nondiagnostic 4 (26.7%) 2 (16.7%) 2 (40%)

Benign 8 (53.3%) 8 (66.7%) 0

Atypia 2 (13.3%) 1 (8.3%) 1(20%)

Suspicious for malignancy 0 0 0

Malignancy 1(6.7%) 0 1 (20%)

Data presented as ¥ Mean & SD, ¥ Median (range). CT—computed tomography; FNAC—fine-needle aspira-
tion cytology.

Fourteen (82.4%) patients exhibited compression-related symptoms. Palpable masses
or foreign body sensations (64.7%) and difficulty in breathing (52.9%) were the most
frequently reported. Two patients (11.8%) experienced significant voice changes.

The TI-RADS classification results and percentage of malignant pathology for the
study population indicated that one out of eight patients (12.5%) in the TR2 group, three
out of four patients (75%) in the TR3 group, and one out of five patients (20%) in the TR4
group had a malignant result, respectively.

More than half of the patients underwent neck CT (58.8%) and cardiac echocardiogra-
phy (64.7%) for preoperative evaluation. Five (29.4 %) patients underwent lung function
tests. Eleven patients were classified as ASA grade III (64.7%), and six patients were classi-
fied as ASA grade II (35.3%). The median mFI score of our patients was 0.2 (range, 0-0.4)
and showed no difference between both groups.

Fifteen (88.2 %) patients underwent FNAC for preoperative diagnosis. Ten patients
(66.7%) underwent unilateral aspiration, and the remaining underwent bilateral aspiration.
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FNAC was performed on 59 nodules across all patients. One (1.7%) major complication
was severe hematoma with airway obstruction.

Based on the preoperative FNAC examinations using the Bethesda System for Report-
ing Thyroid Cytopathology, the incidence rates of non-diagnostic, benign, atypical, and
malignant tumors were 26.7%, 53.3%, 13.3%, and 6.7%, respectively. The mean size of the
dominant tumor was 5.5 + 2.8 cm. The largest tumor was 10.6 cm.

3.2. The Surgical Outcome of the Patients after Thyroidectomy

The surgical outcomes are summarized in Table 2. Unilateral total thyroidectomy
was performed in 13 patients (76.4%); the remaining patients underwent bilateral total
thyroidectomy (23.6%). IONM and energy devices were applied in 12 patients (70.6%).

The mean operation time for the benign group was 164.3 £ 32.0 min, which was no-
tably shorter than the 231.0 &= 79.1 min observed in the malignant group (p = 0.048). The
mean estimated blood loss for the benign group was 33 & 75 mL, which is lower than the
192 4 189 mL observed in the malignancy group. However, this difference was not significant
(p = 0.12). The median length of postoperative stay was 2 days (range, 1-15 days).

No postoperative bleeding events, RLN injuries, wound infections, or in-hospital
mortality occurred in this cohort study. Two of the seventeen patients (11.8%) experienced
transient hypocalcemia. None of the patients had surgery-related pulmonary complica-
tions, such as pneumonia or respiratory failure. Two patients required ICU stay, delayed
extubation, and blood transfusion (11.8%). The reason for ICU admission was unrelated to
thyroid surgery. One patient developed hematoma and respiratory failure after a FNAC test,
which necessitated ICU admission before surgery. The other patient had a large ulcerative
thyroid tumor with neck cellulitis and underwent total thyroidectomy with a left pectoralis
major myocutaneous (PMMC) flap for wound reconstruction. For safety considerations,
postoperative ICU admission, blood transfusion, and monitoring the condition of the flap
were necessary.

One patient (5.9%) visited the emergency room within 30 days of the operation, which
was attributed to the acute exacerbation of chronic obstructive pulmonary disease caused
by pneumonia. The other patients were not readmitted postoperatively. One patient
with dementia visited the emergency room 60 days after surgery due to poor medication
compliance, which led to hypothyroidism.

Until the end of the study in June 2023, the median postoperative follow-up duration
was 28 months (range: 2-91 months). Thirteen (76.5%) patients were alive at the end of the
study period. Two patients died of pneumonia (not surgery-related) at 18 and 46 months
postoperatively; one patient died from newly diagnosed adenocarcinoma of an unknown
primary site with liver and lung metastases, which was diagnosed 1 month postoperatively
and died due to rapidly progressive disease 2 months postoperatively; one patient died
from frailty 9 months postoperatively. These four patients had a median follow-up duration
of 13.5 months (range, 2-46 months).

The clinicopathological results of five patients in the malignant group are summarized
in Tables 3 and 4.

3.3. Two Reports of Rare Presentation

Two patients aged 98 and 92 years had rare presentations before thyroidectomy.

3.3.1. Case 1

The oldest patient was a 98-year-old woman with a 15-year history of hyperthyroidism,
managed with carbimazole and bisoprolol. She had underlying hypertension, type 2 di-
abetes mellitus, and chronic kidney disease and was totally independent, with her daily
living activities only assisted by a walker. The initial symptoms of neck swelling and
palpitations appeared when she was in her 80s. Since then, she has received medical treat-
ment for hyperthyroidism and multinodular goiter. Surgical intervention was suggested;
however, her family refused due to her old age.
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Six months prior to surgery, the patient experienced progressive worsening of symp-
toms, including dysphagia, odynophagia, and hoarseness. Thyroid ultrasonography re-
vealed multiple bilateral nodules and mixed solid cystic calcifications. An endocrinologist
then performed FNAC on 26 October 2021. Subsequently, the patient experienced neck
swelling, pain, and stiffness after 5 min. Follow-up sonography revealed a hematoma at
the puncture site without active bleeding. Compression was applied, and monitoring in the
emergency department was recommended. However, the patient went home after 40 min
of compression.

Later that day, she experienced difficulty in breathing and loss of consciousness at
home. Cardiac massage was briefly performed by her son, after which her consciousness
was regained. Upon arrival at the nearest emergency department, her Glasgow Coma Scale
score was E4V1M1; endotracheal intubation was performed because of airway compression.
Subsequently, the patient was transferred to the ICU of a local hospital.

The neck CT scan on the day of admission revealed bilaterally enlarged thyroid glands
(Figure 1A). The right-side thyroid measured 4.8 x 3.4 x 6.7 cm, and the left-side thyroid
measured 3.9 X 4.6 x 9.1 cm, in addition to multiple nodules, intrathoracic extension,
active bleeding, and a hematoma measuring 5 x 2.3 x 4.1 cm in the left neck. Surgical
intervention was not recommended by the surgeon, and tracheostomy was suggested
because of the difficulty in weaning from ventilator support. However, her family opted to
transfer her back to our hospital on 11 November 2021 for surgical evaluation.

Figure 1. A 98-year-old woman developed hematoma after FNAC. (A): The neck CT showed
enlargement of bilateral thyroid glands with multiple nodules, active bleeding (black arrow), and
hematoma (white arrow), causing upper airway and left jugular vein compression with tracheal
deviation. (B): The follow-up CT scan two weeks after FNAC showed hematoma (white arrow)

in regression.
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A subsequent neck CT scan performed at our hospital revealed a regressing hematoma
(Figure 1B). Thirty-four days after fine-needle aspiration, left thyroidectomy was performed
for airway decompression on 19 November 2021, and the patient remained in the ICU for
postoperative care. The endotracheal tube was removed on postoperative day 5. Fifteen
days postoperatively, the patient was discharged in a stable condition. Pathological exami-
nation revealed nodular goiter and papillary microcarcinoma. Follow-up in the outpatient
department confirmed that the patient had maintained euthyroid status.

3.3.2. Case 2

A 92-year-old woman with a decades-long history of goiter was initially diagnosed
at another hospital; the exact FNAC report remains uncertain owing to a lack of available
records. Surgical intervention was proposed as a management strategy, but the patient
declined it. Since then, the patient has been lost to follow-up.

Before the operation, she experienced progressive enlargement of the neck mass and a
painful sensation associated with skin ulceration for 1 month. The neck CT scan performed
on 2 February 2021 revealed a thyroid lesion measuring 8.8 x 9.1 x 10.6 cm with skin
ulceration (Figure 2). The patient was admitted for the management of cellulitis and the
neck mass.

PMETAE

g e a1 12 A
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Figure 2. (A): A 92-year-old woman suffered from a large thyroid tumor with skin ulceration and
cellulitis. (B,C): The neck CT scan showed an enhancing necrotic mass 10 x 11 x 10 cm with
calcification in lower neck submental space, abutting bilateral thyroid glands.

The FNAC test of the neck mass revealed thyroid squamous cell carcinoma (SCC).
Considering the significant size of the tumor and skin involvement, total thyroidectomy
with a left PMMC flap for wound reconstruction was performed on 27 February 2021.
(Figure 3).
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Figure 3. (A): The wound of a 92-year-old woman with a large thyroid tumor after total thyroidectomy.
(B,C): The wound before and after PMMC flap for wound reconstruction. (D): A soft tumor, 8 x 5 x
3.2 cm, with invasion into bilateral lobes of thyroid and skin tissue.

Postoperatively, the patient was transferred to the ICU care unit to monitor the flap
condition. Extubation was delayed until postoperative day 5 because of the neck wound
swelling, which may cause respiratory failure. Thirteen days postoperatively, the pa-
tient was discharged in a stable condition. The final pathological result was poor-to-
undifferentiated carcinoma with prominent squamous differentiation.

4. Discussion

In this retrospective study, the overall patient cohort comprised 82.4% women, with a
malignancy rate of 29.4%, consistent with the findings of several large-scale analyses [7,8,12].
The mean age of the patients was 85.6 years, which is higher than the average life expectancy
in Taiwan (80.86 years) [13].

As the population continues to age, the frequency of surgical procedures involving
older individuals is expected to increase. The diagnosis and treatment protocols for thyroid
nodules are not influenced by age; therefore, the number of older patients requiring these
surgical procedures is likely to increase.

Compression-related symptoms were the most common indications for thyroidectomy
in this study. Fourteen (82.4%) patients underwent thyroidectomy to treat compression-
related symptoms. Additionally, one patient underwent thyroidectomy due to post-FNAC
complications, including hematoma and respiratory failure. Another study demonstrated
that common surgical indications in older patients include hyperthyroidism resistant to
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medical management, symptoms of compression, and suspicion of malignant nodules [14].
Four of the patients underwent bilateral thyroidectomy, and the other ten underwent unilat-
eral thyroidectomy. David et al. demonstrated that unilateral and bilateral thyroidectomy
are equally effective for the relief of compressive symptoms [15]. Shared decision-making
allows patients to choose the surgical procedure after being informed of the risks and
benefits associated with both.

The study shows a 26.7% rate of non-diagnostic FNAC results. Given the retrospective
nature of this study, data limitations make it difficult to determine the exact reasons.
However, possible causes could include insufficient sampling or challenges in sampling
larger or more complex cystic tumors.

The median time from the diagnosis of a thyroid tumor to thyroidectomy was 12 months
(range, 1 month to 40 years). Concerns regarding potential postoperative complications among
older patients and their families have led to considerable delays in the decision to undergo
surgery. This could be attributed to the high incidence of complications observed in patients
aged over 65 years, as reported in previous studies [7,8].

The incidence of perioperative cardiac complications is high in older patients aged
over 80 years with coronary artery disease [16]. Preoperative electrocardiogram and
echocardiography may provide important information for patients at an increased risk of
cardiac complications [17]. To date, our hospital has updated preoperative protocol, and all
patients aged 80 years and older routinely undergo preoperative echocardiography.

The average duration of our thyroidectomy procedures was 183.9 £ 57.0 min. The
malignancy group (231.0 £ 79.1 min) experienced significantly longer operation times
compared to the benign group (164.3 &= 32.0 min) (p = 0.048). However, owing to the limited
sample size, these differences did not achieve significance in the unilateral and bilateral
thyroidectomy subgroup analyses (p = 0.143, p = 1). The increased operation time in the
malignant group may be due to extensive tissue invasion requiring resection and wound
reconstruction, premalignant desmoid reaction, tumor adherence to adjacent structures
with complicated dissection, and enhanced vascularity demanding meticulous hemosta-
sis. Another explanation for this difference is that more patients with benign conditions
underwent unilateral thyroidectomy (83.3%) than those with malignant conditions (60%),
although this difference was not significant (p = 0.163).

In our study, the size of the dominant thyroid tumor was 5.5 + 2.8 cm. Dellal et al.
compared thyroidectomy in patients aged >65 and <65 years old, revealing that the mean
nodule diameter was significantly larger in geriatric patients [18]. Based on our clinical
experience, the operative time of older patients was longer than those of younger patients,
possibly due to larger tumor size. Further study is needed to examine the differences
and associations between tumor size and operative times in older and younger patients
(Supplementary Table S2).

A majority of post-thyroidectomy complications in our patient groups were transient
hypocalcemia, which occurred in two patients (11.8%). Some older patients are less sen-
sitive to the symptoms of hypocalcemia and are less likely to report symptoms. Routine
monitoring of serum calcium levels within 12-24 h post thyroidectomy may alleviate
hypocalcemia symptoms and enhance the overall safety of patients [19]. We have adapted
to this protocol. In our study, no major complications such as bleeding, RLN injury, wound
infections, pneumonia, cardiovascular events, in-hospital mortality, or instances of readmis-
sion and reoperation were reported. Postoperative complication rates in previous studies
varied from 1.2% to 6.8% [7-10,12,20]. Moreover, recent research has suggested that the
incidence of complications may increase among older patients [7,8]. Post-thyroidectomy
hypocalcemia ranges from 6% to 16.2% [10,13]. In a large national dataset analysis, Sahli
et al. showed that the overall complication rate after thyroidectomies was 1.3%, the need
for reoperation was 0.8%, and the readmission rate was 2.3% [7]. Older age was associated
with an increased overall risk of complications (OR = 2.67). This reduced major compli-
cation rate could be ascribed to the expertise of high-volume surgeons. Supporting this
finding, other studies have indicated a notable decrease in both thyroid cancer recurrence
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rates and postoperative complications among patients treated by high-volume surgeons,
underscoring the importance of surgical experience in improving patient outcomes [21,22].

Matched cohort studies conducted by Papoian et al. showed that a higher Charlson
Comorbidity Index is associated with an elevated risk of postoperative complications [8].
However, calculating the Charlson Comorbidity Index is relatively complex. Frailty is
associated with a higher incidence of complications and mortality [23,24]. Moreover, mFI
is strongly correlated with increased rates of postoperative complications, readmission,
reoperation, discharge to skilled care, longer hospital stays, and higher mortality rates. A
meta-analysis conducted by Panayi et al. revealed that postoperative mortality was more
prevalent among patients with frailty and an mFI score of 0.36 or higher compared to those
with lower scores [24]. The mFI score is simpler to calculate using patient characteristics.
In our retrospective statistical analysis, the median mFI score of the patients was 0.2
(range of 0-0.4). Careful selection of older patients for surgery can decrease postoperative
complications.

One patient developed a hematoma after the FNAC test, which necessitated intubation
for airway maintenance and ICU admission before surgery. The FNAC test is currently
the simplest, safest, and most cost-effective method for the identification of malignant
thyroid nodules. However, this may cause a hematoma and require further surgical
treatment. In this study, a FNAC test was performed for 17 patients with 59 thyroid
nodules. Major complications occurred in one patient (1.7%), which presented as a massive
hematoma and caused airway obstruction. Cappelli et al. reported that the complication
rate of fine needle aspiration was approximately 0.15%, and major complications were
0.075% [25]. In older patients with loose soft tissue, the use of antiplatelet medication
increases the feeding vessels of tumors and may increase the risk of hematoma. Using color
Doppler ultrasonography to detect hypervascularity in a thyroid tumor and scheduling
the withholding of antiplatelet or anticoagulant medications may reduce the risk of post-
procedural bleeding complications.

One patient with dementia visited the emergency department 2 months after undergo-
ing total thyroidectomy due to the discontinuation of medication-related hypothyroidism.
The age of older patients was associated with misunderstanding the medication and med-
ical treatment, eventually decreasing compliance [26]. The prevalence of dementia also
increases with age and worsens comprehension and compliance with medical treatment.
Individual decision-making on prescription appropriateness in patients with dementia and
closely monitoring their understanding of medication could enhance medication adherence
and potentially reduce emergency department visits [27]. The case manager's diligent
follow-up with the patient and reminders to caregivers could enhance medication com-
pliance. Unilateral thyroidectomy in selected patients with thyroid cancer may prevent
hypothyroidism and improve the quality of life of older patients [28]. Shared decision-
making also plays a crucial role in the choice between unilateral or total thyroidectomy, not
only offering benefits in the quality of life and oncological outcomes but also alleviating
the burden on patients and caregivers.

Although our study provides an in-depth analysis of outcomes in patients aged
80 years and older, it has certain limitations. The results were based on the experience of a
single center with only 17 patients. While we recorded the presence of chronic diseases, we
did not collect detailed data on preoperative blood pressure levels or control status, which
may influence perioperative and postoperative outcomes. Future studies that incorporate
more comprehensive data collection in these areas would help clarify their impact on
patient outcomes. The feedback on quality of life we received from patients and their
families was valuable; it was inherently subjective and based on observational data rather
than quantitative measures. Future studies using multicenter or national data banks would
provide stronger and more complete evidence.
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5. Conclusions

Thyroidectomy is feasible for carefully selected patients aged 80 years and older. It
provides benefits not only in terms of oncological curative treatment but also in improving
the quality of life, such as compression symptoms and wound condition.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
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Abstract: Background and Objectives: Hyperparathyroidism (HPT) is a rare endocrine disease associ-
ated with the elevated metabolism of calcium, vitamin D, and phosphate by the hyperfunctioning
of the parathyroid glands. Here, we report our experience of parathyroidectomy using intraopera-
tive parathyroid hormone (IOPTH) monitoring in a single tertiary hospital. Materials and Methods:
From October 2018 to January 2022, a total of 47 patients underwent parathyroidectomy for HPT.
We classified the patients into two groups—primary HPT (PHPT, n = 37) and renal HPT (RHPT,
n = 10)—and then reviewed the patients” data, including their general characteristics, laboratory
results, and perioperative complications. Results: Thirty-five of the thirty-seven patients in the PHPT
group underwent focused parathyroidectomy, while all ten patients in the RHPT group underwent
subtotal parathyroidectomy. IOPTH monitoring based on the Milan criteria was used in all cases.
Preoperative and 2-week, 6-month, and 12-month postoperative parathyroid hormone (PTH) levels
were within the normal range in the PHPT group, whereas they were higher than normal in the RHPT
group. Transient hypocalcemia occurred only in the RHPT group, with calcium levels returning to
normal levels 12 months after surgery. Conclusions: Parathyroidectomy with IOPTH monitoring in our
hospital showed favorable clinical outcomes. However, owing to the small number of patients due to
the low frequency of parathyroid disease, long-term, prospective studies are needed in the future.

Keywords: parathyroid hormone; hyperparathyroidism; intraoperative parathyroid hormone

1. Introduction

Hyperparathyroidism (HPT) is an endocrine disease related to the elevated metabolism
of calcium (Ca), vitamin D, and phosphate (P) due to the excessive secretion of parathyroid
hormone (PTH) [1-3]. HPT is classified into primary (PHPT), secondary (SHPT), and
tertiary (THPT) disease depending on the disease mechanism. HPT raises serum Ca and P
levels and lowers vitamin D levels, resulting in various diseases, including bone, kidney,
gastrointestinal, neuropsychiatric, soft tissue, and cardiovascular disorders. A lack of
proper treatment of the disease associated with HPT, especially cardiovascular complica-
tions, may lead to fatal consequences for the patient [1-3]. The treatment required for PHPT
is surgical resection of the pathologic parathyroid gland; some medically intractable SHPT
and THPT patients also require surgical treatment [4,5].

PHPT is a disease caused by the excessive production of PTH from one or more
parathyroid glands. The incidence of PHPT is reported to be approximately 20-50 cases
per 100,000 people annually, and it is the third-most common endocrine disorder in the
United States [6,7]. Owing to the development of various diagnostic modalities, the
number of cases of PHPT has been increasing [8]. Approximately 85% of PHPT cases
result from a single parathyroid adenoma, while the remaining 15% of the cases are
caused by multiple abnormal glands [9]. In the case of PHPT, surgical excision rather
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than pharmacological therapy is recommended as the gold standard treatment. Previously,
surgery was performed to examine all parathyroid glands using a large incision, but focused
parathyroidectomy using minimal skin incision has been introduced with the development
of preoperative localizing imaging techniques and intraoperative PTH (IOPTH) monitoring
to confirm the complete excision of the pathologic parathyroid glands [10-12].

SHPT is a condition characterized by elevated PTH secretion caused by abnormal
vitamin D and calcium metabolism. The major cause of SHPT is chronic renal failure, but
other causes include gastrointestinal absorption dysfunction, vitamin D deficiency, liver
diseases, and pseudohypoparathyroidism [4,5]. THPT is a condition of persistent HPT after
kidney transplantation [1,12]. SHPT and THPT are both caused by renal problems and can
be classified as RHPT. In most cases of RHPT, pharmacological therapy using cinacalcet is
recommended as the initial treatment. When this pharmacological therapy fails to produce
a proper response, parathyroidectomy—total parathyroidectomy with autotransplantation
or subtotal parathyroidectomy—should be recommended [13,14].

Because the incidence of HPT is very low, parathyroid surgery is performed in very
few institutions in Korea [12,13,15-20]. There are even fewer centers that use the IOPTH
assay for monitoring for parathyroid surgery in Korea [21-24]. A single endocrine surgeon
at our hospital has been performing parathyroid surgery using IOPTH since 2018, and we
report our initial results of parathyroid surgery in this paper.

2. Materials and Methods
2.1. Patients

From September 2018 to January 2022, a total of 47 patients received parathyroid
surgery due to HPT. All patients who underwent parathyroidectomy at Inha University
were included, and there were no special exclusion criteria. The clinical diagnoses were as
follows: PHPT in 37 patients, SHPT in 9 patients, and THPT in 1 patient. In the analysis, the
SHPT and THPT patients were included in the RHPT group as they shared the same origin
of HPT (renal dysfunction). We retrospectively reviewed the electronic medical records for
the patients’ clinical information, laboratory test results (for Ca, ionized Ca, P, and PTH),
surgical findings, hospitalization records, and pathologic reports.

2.2. Surgical Indication

In PHPT, surgery was performed on patients who had symptoms (nephrolithiasis,
fractures, symptomatic hypercalcemia). For asymptomatic PTHP patients, surgery was
performed if serum calcium was more than 1.0 mg/dL above the normal, creatinine
clearance < 60 cc/min, nephrocalcinosis or nephrolithiasis identified on imaging, 24 h urine
calcium > 400 mg/ day, osteoporosis by bone density at any site (T score < —2.5), clinical
fragility fracture, vertebral compression fracture on spine imaging, or age < 50 years. If
medical therapy was refractory, surgery was performed on SHPT patients with symptoms
and markedly elevated PTH levels. That includes a persistent high serum level of intact
PTH level > 500 pg/m, hyperphosphatemia (serum P > 6.0 mg/dL) and/or hypercalcemia
(serum Ca > 10.0 mg/dL), deformity, fracture, progressive reduction in bone mineral
content, ectopic calcification, or neuro-muscular psychiatric symptoms, etc. In THPT,
surgery was performed on patients with persistent hypercalcemia more than 6 months after
kidney transplant, low bone mineral density, renal stone or nephrocalcinosis, deterioration
of kidney graft due to THPT, symptomatic HPT, or enlarged parathyroid gland detected by
the US [2,3].

2.3. Surgery Methods and IOPTH Monitoring

All surgeries were performed by a single endocrine surgeon (JW Yi). A 2-3 cm skin
incision was used to perform focused parathyroidectomy for PHPT. Before the surgery, the
location of the pathologic parathyroid gland was determined by parathyroid SPECT-CT
and ultrasound-guided skin marking. Subtotal parathyroidectomy (the removal of three
and a half parathyroid glands) was applied for RHPT patients using a transverse skin
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incision of ~7-9 cm. Intraoperative neuromonitoring (NIM 3.0, Medtronic, Minneapolis,
MN, USA) was used in all parathyroid surgeries.

The IOPTH assay was performed at four surgical time points: pre-incision, pre-
excision, and 5 min and 10 min after the removal of the pathologic parathyroid gland. The
Miami criterion (a >50% decrease in PTH 10 min after parathyroidectomy compared to
the highest level of PTH before the excision) was indicated for the successful removal of
the hyperfunctioning parathyroid gland in both focused and subtotal parathyroidectomy
in our institution [25]. In focused parathyroidectomy, bilateral exploration was indicated
when the PTH level was not successfully decreased. For the subtotal parathyroidectomy,
all parathyroid glands were identified through bilateral exploration, saving half of the most
normal-looking gland and removing the remaining three glands. Pre-excision PTH was
sampled after one and a half glands were removed, while post-excision PTH was sampled
5 and 10 min after the complete removal of the three and a half glands. Laboratory tests for
PTH, Ca, ionized Ca, and P were performed on the admission day, the day after surgery,
and 6 and 12 months after surgery.

2.4. Statistics and Ethical Consideration

We used R programming language version 4.2.0 for the statistical analysis [15]. Chi-
square or Fisher’s exact test was applied to the cross-table analysis according to the sample
size. The unpaired t-test was used for the mean comparison. Statistical significance
was defined as a p-value < 0.05. Ethical approval for this study was obtained from the
institutional review board of our hospital (IRB number: 2022-05-028).

3. Results

Table 1 presents the clinical and pathologic characteristics of patients. Among all
47 patients, 37 were female and 10 were male; the mean age was 56.50 £ 11.54 years. The
clinical diagnoses were PHPT in 37 patients, SHPT in 9 patients, and THPT in 1 patient. The
pathologic diagnoses were parathyroid adenoma and parathyroid hyperplasia in 31 and
16 patients, respectively. Among the 37 PHPT patients, one-gland parathyroidectomy was
performed in 35 patients, two-gland parathyroidectomy was performed in 1 patient, and
bilateral exploration with the removal of three glands was performed in 1 patient. Subto-
tal parathyroidectomy was performed in all 10 patients with RHPT. Although transient
vocal cord palsy occurred in two patients, no permanent vocal cord palsy was observed.
Hypertrophic scars were observed in two patients.

Table 2 presents the comparative results between PHPT and RHPT. Age did not differ
between the two groups, but the proportion of female patients was significantly higher in
the PHPT group than in the RHPT group (32/37 (86.5%) versus 5/10 (50.0%); p = 0.024).
The major clinical manifestations of PHPT were ureteral or renal stones, osteoporosis,
and a history of bone fracture. The operation time was longer (68.2 £ 42.8 min versus
83.0 £ 21.4 min, p = 0.139), the estimated blood loss was higher (10.8 &= 20.1 mL versus
130.0 £ 248.6 mL, p = 0.164), and the hospital stay days were longer (1.8 & 1.1 days versus
6.0 + 6.2 days, p = 0.059) in the RHPT group. In the PHPT group, the most common
positions of the hyperfunctioning glands were the lower right (14 glands) and lower left
(12 glands). The upper left was the most common location of the saved glands in the
RHPT group.

Table 3 and Figures 1 and 2 show the laboratory findings of the PHPT and RHPT
groups. The preoperative PTH level was significantly higher in the RHPT group
(161.6 £ 95.4 pg/mL versus 1242.1 &+ 1075.3 pg/mL; p = 0.011). The PTH level mea-
sured at 6 months and 12 months after surgery did not differ significantly between the
two groups. According to the IOPTH assay results, the PTH levels at all time points were
higher in the RHPT group than in the PHPT group. A >50% decrease in the PTH level
was observed 10 min after the excision in all patients in the PHPT and RHPT groups. The
preoperative Ca level was significantly higher in the PHPT group (10.9 + 0.9 mg/dL versus
9.6 £ 1.7 mg/dL; p = 0.042). After surgery, the Ca level was normalized in the PHPT
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group, whereas hypocalcemia was observed in the RHPT group at 6 months after surgery
(9.5 £ 1.3 mg/dL versus 6.8 = 1.2 mg/dL; p = 0.003). No difference was observed in the
Ca levels 12 months after surgery (8.6 + 2.8 mg/dL versus 8.6 &+ 2.07 mg/dL; p = 0.942).
There was no significant difference in the ionized Ca level between the two groups before
or after surgery. The P level was significantly higher in the RHPT group before surgery
(2.6 = 0.5 mg/dL versus 3.9 £+ 1.1 mg/dL; p = 0.023) but decreased and increased again
12 months after surgery, without any significant difference between the PHPT and RHPT
groups (3.3 &+ 0.6 mg/dL versus 4.1 + 1.3 mg/dL; p = 0.377).

Table 1. General characteristics of all hyperparathyroidism patients (n = 47).

Variables

Number of Patients

Age (years, mean =+ sd)
Sex
Male
Female
Clinical diagnosis
Primary hyperparathyroidism
Secondary hyperparathyroidism
Tertiary hyperparathyroidism
Parathyroidectomy extent
One-gland parathyroidectomy
Two-gland parathyroidectomy
Bilateral exploration
Subtotal parathyroidectomy
Pathologic diagnosis
Parathyroid adenoma
Parathyroid hyperplasia
Postoperative complications
Transient vocal cord palsy
Permanent vocal cord palsy
Hypertrophic scar or keloid

56.5 £ 11.5

10
37

Table 2. Comparison between primary and renal (secondary and tertiary) hyperparathyroidism.

Variables PHPT (n = 37) RHPT (n = 10) p-Value
Age (years, mean =+ sd) 57.1+121 542 +£9.3 0.425
Sex

Male 5 (13.5%) 5 (50.0%) 0.024

Female 32 (86.5%) 5 (50.0%)
BMI (kg/m?, mean + sd) 24.0+4.0 240425 0.983
Comorbidity (number of patients)

Diabetes 4 1

Hypertension 9 7

Chronic renal failure 0 10

Coronary artery disease 2 0

Arrhythmia 1 0

Cerebrovascular disease 1 0

Hepatitis B 1 0

Tuberculosis 1 0

Osteoporosis 4 0

Fracture history 1 0

Ureter or renal stone 7 0
Operation time (min, mean =+ sd) 68.2 +42.8 83.0 £ 214 0.139
Estimated blood loss (mL, mean =+ sd) 10.8 +20.1 130.0 + 248.6 0.164
Largest gland size (cm, mean =+ sd) 1.8+1.0 14+11 0.407
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Table 2. Cont.

Variables PHPT (n = 37) RHPT (n = 10) p-Value

Hospital stay days after surgery

(days, mean =+ sd)

Pathologic gland location

(Focused parathyroidectomy), number (%)
Lower right 14 (36.8%)
Upper right 5 (13.2%)
Lower left 12 (31.6%)
Upper left 7 (18.4%)

Saved gland location

(Subtotal parathyroidectomy), number (%)
Lower right 1( )
Upper right 2 ( )
Lower left 1(10.0%)
Upper left 6 ( )

1.8+1.1 6.0+ 6.2 0.059

Table 3. Laboratory findings according to primary and renal (secondary and tertiary) hyperparathy-

roidism.
Variables PHPT (n = 37) RHPT (n = 10) p-Value
PTH, preoperative (pg/mL) 161.6 =95.4 1242.1 +1075.3 0.011
PTH, pre-incision (pg/mL) 210.3 + 168.5 1200.4 +£773.4 0.005
PTH, pre-excision (pg/mL) 143.2 +90.8 415.0 £269.4 0.056
PTH, 5 min after excision (pg/mL) 64.0 +39.2 324.6 +258.2 0.087
PTH, 10 min after excision (pg/mL) 39.0 + 25.0 171.7 +138.6 0.021
PTH, 6 months after surgery (pg/mL) 52.1 +31.8 719 £78.2 0.454
PTH, 12 months after surgery (pg/mL) 50.2 +27.0 108.7 +£172.2 0.313
Calcium, preoperative (mg/dL) 109 £0.9 9.6 £1.7 0.042
Calcium, postoperative (mg/dL) 89+0.8 79+19 0.120
Calcium, 6 months after surgery (mg/dL) 95+13 6.8+1.2 0.003
Calcium, 12 months after surgery (mg/dL) 8.6 £28 8.6 £2.0 0.942
Ionized calcium, preoperative (mmol/L) 14+0.1 12+03 0.132
Ionized calcium, postoperative (mmol/L) 1.1+0.1 1.0+02 0.136
Ionized calcium, 6 months after surgery 12401 11403 0.334
(mmol/L)
Ionized calcium, 12 months after surgery 12402 11404 0391
(mmol/L)
Phosphate, preoperative (mg/dL) 2.6 £05 39+11 0.023
Phosphate, postoperative (mg/dL) 3.05+£09 38+12 0.061
Phosphate, 6 months after surgery (mg/dL) 33+0.7 2.7+04 0.075
Phosphate, 12 months after surgery 33406 41413 0377

(mg/dL)
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Figure 1. IOPTH assay according to primary hyperparathyroidism (PHPT) and renal (secondary and
tertiary) hyperparathyroidism (RHPT).
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Figure 2. Laboratory results change before and after parathyroidectomy according to primary
hyperparathyroidism (PHPT) and renal (secondary and tertiary) hyperparathyroidism (RHPT).
((A) PTH. (B) Calcium. (C) Ionized Calcium. (D) Phosphate).

4. Discussion

In 1925, in what is known as the first attempted surgical treatment of HPT, Felix Man
reported that clinical symptoms improved after removing the enlarged parathyroid gland
in a patient with severe bone lesions [26]. With the development of automatic analyzers
that can measure serum Ca levels, the detection rate of hypercalcemia has increased
since the 1970s. Previously, PHPT was mainly diagnosed by characteristic symptoms, but
recently, asymptomatic HPT has been mainly diagnosed through health examinations using
biochemical analyses and neck imaging techniques, including ultrasound and computed
tomography [27]. According to a single-center experience in Korea, there have been more
HPT patients during the last 6 years than during the previous 20 years [28]. This means that
the diagnosis rate of HPT patients is increasing in Korea with the development of health
screening. However, according to national health insurance data, the incidence of PHPT in
Korea is still very low, with an annual incidence ranging from 0.007% to 0.0014% [29]. The
most important laboratory tests for HPT are serum Ca and PTH levels. Traditionally, 24 h
urine Ca amount, serum chloride concentration, serum chloride-to-P ratio, serum alkaline
phosphatase, and tubular P reabsorption rate have been used for differential diagnosis.
However, anatomical and functional imaging techniques are more useful in recent clinical
diagnosis and surgical planning [30]. Neck ultrasound and 99mTC-sestamibi scanning
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are very helpful to localize the hyperfunctioning glands, as the sensitivity of ultrasound is
59-89% and that of 99mTC-sestamibi scanning is 54-88% [31-35]. Moreover, the success
rate of parathyroid localization increases by 10-20% when both methods are implemented
together [36]. The IOPTH assay, which was first proposed in 1988 by Nussbaum et al., is
very helpful to confirm the complete removal of the hyperfunctioning parathyroid gland
during surgery [37]. It helps the surgeon to evaluate whether bilateral neck exploration is
required after focused parathyroidectomy [34,37]. By using localizing imaging techniques
and IOPTH, minimally invasive focused parathyroidectomy can be safely achieved for
PHPT [36,38,39].

According to the National Institutes of Health guidelines, surgical treatment is recom-
mended for all symptomatic PHPT patients and for asymptomatic patients under 50 years
of age who meet the following criteria: 24 h urinary Ca excretion < 300 mg, serum Ca more
than 1 mg/dL than normal level, creatinine clearance < 30%, or osteoporosis diagnosed by
the Dual Energy X-ray Absorptiometry (DEXA) test [40]. The bilateral exploration of the
parathyroid glands performed in the past has been recently replaced with focused parathy-
roidectomy as the standard treatment using localization and IOPTH [10,11,41]. Focused
parathyroidectomy has the advantages of a smaller incision, a faster recovery period, and a
shorter operation time. In this study, out of the 37 patients in the PHPT group, 35 received
focused one-gland parathyroidectomy, 1 received two-gland parathyroidectomy, and 1
received bilateral exploration with the excision of three glands. For the last 2 patients, an
extended skin excision was performed because the initial postoperative PTH level did not
decrease after the one-gland excision. The PTH level decreased after the additional excision
of the parathyroid glands, and the surgery was completed. Thus, our experience suggests
that IOPTH is useful in preventing reoperation in some PHPT patients (2/37 (5.4%)).

On the other hand, SHPT is a disease in which the observed parathyroid hyperplasia
is due to a damaged kidney. Approximately 5-25% of chronic renal failure patients require
surgical treatment of their SHPT [42,43]. According to the Japanese Society of Dialysis
Therapy (JSDT) guidelines, the target laboratory ranges for P, Ca, and PTH in SHPT patients
are 3.5-6.0 mg/dL, 8.4-10.0 mg/dL, and 60-180 pg/mL, respectively [44]. Pharmacological
therapy—vitamin D2, D3 analogs, and calcium preparations—is generally recommended
as the initial therapy [41,45-47]. However, the Kidney Disease Outcomes Quality Initiative
(KDOQI) guideline recommends that parathyroidectomy should be considered when the
PTH level reaches 800 pg/mL, or when the patient suffers from medically intractable
hypercalcemia and hyperphosphatemia [48].

Pathologic findings in RHPT are parathyroid hyperplasia in all the parathyroid glands.
Thus, the proper removal of the parathyroid glands is very important in RHPT surgery.
Therefore, IOPTH is also helpful to confirm the successful removal of the pathologic
parathyroid glands in RHPT surgery. Subtotal parathyroidectomy and total parathyroidec-
tomy with autotransplantation are widely used in RHPT surgery. Our center performs
subtotal parathyroidectomy due to its several benefits such as shorter operation time,
shorter hospital stay, and the reduced need for vitamin D medication [13,14]. As some
ectopic parathyroid glands may exist, preoperative images and IOPTH levels are helpful to
identify them. In this study, there were no suspected ectopic parathyroid glands in any of
the RHPT patients. At the 1-year follow-up, the PTH and Ca levels were stabilized in our
patients after the surgery, as shown in Table 3.

Previous studies have reported that the recurrence rate after parathyroidectomy was
0.4% in PHPT and 26% in SHPT [45,49]. In our study, RHPT patients had significantly
higher PTH levels before surgery than PHPT patients; the PTH levels were also significantly
higher in the IOPTH assay. The PTH levels in the RHPT group were also high at 6 months
and 12 months after surgery. However, the postoperative PTH levels met the JSDT guideline
in both groups [44]. The preoperative Ca levels were significantly higher in the PHPT
group, but postoperative transient hypocalcemia was observed only in the RHPT group
6 months after surgery (9.5 + 1.3 mg/dL versus 6.8 £ 1.2 mg/dL; p < 0.003). The Ca levels
were recovered to normal levels at 12 months after surgery. This result shows that proper
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postoperative Ca supplements are required for RHPT patients to prevent symptoms of
hypocalcemia due to the excessive bone reabsorption of Ca after parathyroidectomy [13,15].

This study reported on parathyroid surgery for the past 2 years at a single center
in South Korea. Considering the low incidence of HPT, our sample of 47 patients was
meaningful to evaluate the outcome of parathyroid surgery using IOPTH. Although there
are studies suggesting that preoperative localization imaging is a powerful tool for the
successful resection of pathologic parathyroid glands in experienced centers, the addition
of the IOPTH assay should be considered to prevent surgical failure for novice endocrine
surgeons or inexperienced hospitals [50].

Our study was a retrospective descriptive analysis with a small number of patients
from a single hospital. Considering the low incidence of HPT, we postulate that this
study has clinical significance to the endocrine surgery field, especially in South Korea.
Nationwide studies should be conducted in future research to evaluate the outcome of
parathyroid surgery in South Korea.

5. Conclusions

HPT is a disease with a low incidence rate, but the frequency of detection is increasing
with the development of medical examination techniques. Focused parathyroidectomy
with PHPT is considered acceptable. In RHPT, it is necessary to completely remove the
hyperfunctioning gland. The IOPTH assay can help surgeons to reduce incomplete excision
and recurrence.

Author Contributions: Conceptualization, S.H.K., Y.5.C. and J.W.Y.; Data curation, S.Y.L., E.A.M.
and J.W.Y; Formal analysis, S.Y.L. and J.W.Y.; Funding acquisition, J.W.Y.; Investigation, S.Y.L. and
J.W.Y;; Methodology, YM.H., Y.S.C. and ].W.Y.; Project administration, Y.S.C. and S.Y.L.; Resource
acquisition, Y.S.C. and J.W.Y.; Supervision, ] W.Y.; Writing—original draft, Y.5.C.; Writing—review
and editing, S.H.K. and J.W.Y. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of Inha University Hospital on 30 May 2022 (IRB number: INH 2022-05-028).

Informed Consent Statement: Patient consent was waived as this study is retrospective and had no
additional interventions and collected no collecting private information.

Data Availability Statement: The data presented in this study are available in this article.
Acknowledgments: This work was supported by an Inha University Hospital research grant.

Conflicts of Interest: The authors have no conflict of interest to declare.

References

1. Fraser, W.D. Hyperparathyroidism. Lancet 2009, 374, 145-158. [CrossRef]

2. Cho, N.L,; Doherty, G.M. 55—Principles in surgical management of primary hyperparathyroidism. In Surgery of the Thyroid and
Parathyroid Glands, 3rd ed.; Randolph, G.W., Ed.; Elsevier: Amsterdam, The Netherlands, 2021; pp. 502-516.€5.

3. Tominaga, Y. Surgical management of secondary and tertiary hyperparathyroidism. In Surgery of the Thyroid and Parathyroid
Glands, 3rd ed.; Randolph, G.W., Ed.; Elsevier: Amsterdam, The Netherlands, 2021; pp. 564-575.e4.

4. Cunningham, J.; Locatelli, F; Rodriguez, M. Secondary hyperparathyroidism: Pathogenesis, disease progression, and therapeutic
options. Clin. . Am. Soc. Nephrol. 2011, 6, 913-921. [CrossRef] [PubMed]

5.  Madorin, C.; Owen, R.P; Fraser, W.D.; Pellitteri, PX.; Radbill, B.; Rinaldo, A.; Seethala, R.R.; Shaha, A.R.; Silver, C.E.; Suh, M.Y.;
et al. The surgical management of renal hyperparathyroidism. Eur. Arch. Otorhinolaryngol. 2012, 269, 1565-1576. [CrossRef]
[PubMed]

6.  Adler, ].T,; Sippel, R.S.; Chen, H. New trends in parathyroid surgery. Curr. Probl. Surg. 2010, 47, 958-1017. [CrossRef]

7. Wermers, R.A.; Khosla, S.; Atkinson, E.J.; Achenbach, S.J.; Oberg, A.L.; Grant, C.S.; Melton, L.J., 3rd. Incidence of primary
hyperparathyroidism in Rochester, Minnesota, 1993-2001: An update on the changing epidemiology of the disease. ]. Bone Miner.
Res. 2006, 21, 171-177. [CrossRef]

8. Macfarlane, D.P; Yu, N.; Donnan, P.T.; Leese, G.P. Should ‘mild primary hyperparathyroidism’ be reclassified as ‘insidious”: Is it

time to reconsider? Clin. Endocrinol. 2011, 75, 730-737. [CrossRef]

60



Medicina 2022, 58, 1464

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Marcocci, C.; Cetani, F. Primary hyperparathyroidism. N. Engl. ]. Med. 2011, 365, 2389-2397. [CrossRef]

Dillavou, E.D.; Cohn, H.E. Minimally invasive parathyroidectomy: 101 consecutive cases from a single surgeon. J. Am. Coll. Surg.
2003, 197, 1-7. [CrossRef]

Grant, C.S.; Thompson, G.; Farley, D.; van Heerden, J. Primary hyperparathyroidism surgical management since the introduction
of minimally invasive parathyroidectomy: Mayo Clinic experience. Arch. Surg. 2005, 140, 472-479. [CrossRef]

Park, ] H.; Kang, S.W.; Jeong, J.J.; Nam, K.H.; Chang, H.S.; Chung, W.Y.; Park, C.S. Surgical treatment of tertiary hyperparathy-
roidism after renal transplantation: A 31-year experience in a single institution. Endocr. ]. 2011, 58, 827-833. [CrossRef]

Choi, H.R.; Aboueisha, M.A; Attia, A.S.; Omar, M.; ELnahla, A.; Toraih, E.A.; Shama, M.; Chung, W.Y.; Jeong, ].J.; Kandil, E. Out-
comes of subtotal parathyroidectomy versus total parathyroidectomy with autotransplantation for tertiary hyperparathyroidism:
Multi-institutional study. Ann. Surg. 2021, 274, 674-679. [CrossRef] [PubMed]

Yuan, Q.; Liao, Y.; Zhou, R;; Liu, J.; Tang, J.; Wu, G. Subtotal parathyroidectomy versus total parathyroidectomy with autotrans-
plantation for secondary hyperparathyroidism: An updated systematic review and meta-analysis. Langenbecks Arch. Surg. 2019,
404, 669-679. [CrossRef] [PubMed]

Choi, Y.-S.; Lee, K.E.; Koo, D.H.; Oh, EM.; Choi, J.Y.; Park, K.-W.; Noh, D.Y.; Youn, Y.-K.; Oh, S.-K. The postoperative outcomes of
patients with primary, secondary and tertiary hyperparathyroidism: 14 year experience of Seoul National University Hospital.
Korean J. Clin. Oncol. 2011, 7, 52-59. [CrossRef]

Jeon, HJ.; Kim, Y.J.; Kwon, H.Y; Koo, T.Y.; Baek, S.H.; Kim, H.J.; Huh, W.S.; Huh, K.H.; Kim, M.S; Kim, Y.S.; et al. Impact of
parathyroidectomy on allograft outcomes in kidney transplantation. Transpl. Int. 2012, 25, 1248-1256. [CrossRef] [PubMed]
Kim, M.S.; Kim, G.H.; Lee, C.H.; Park, ].S.; Lee, ].Y.; Tae, K. Surgical outcomes of subtotal parathyroidectomy for renal
hyperparathyroidism. Clin. Exp. Otorhinolaryngol. 2020, 13, 173-178. [CrossRef]

Kim, W.W.; Rhee, Y; Ban, EJ.; Lee, C.R.; Kang, S.W.; Jeong, ].J.; Nam, K.H.; Chung, W.Y.; Park, C.S. Is focused parathyroidectomy
appropriate for patients with primary hyperparathyroidism? Ann. Surg. Treat. Res. 2016, 91, 97-103. [CrossRef] [PubMed]

Kim, W.Y,; Lee, ].B.; Kim, H.Y.; Woo, S.U.; Son, G.S.; Bae, ]. W. Achievement of the National Kidney Foundation Kidney Disease
Outcomes Quality Initiative: Recommended serum calcium, phosphate and parathyroid hormone values with parathyroidectomy
in patients with secondary hyperparathyroidism. J. Korean Surg. Soc. 2013, 85, 25-29. [CrossRef]

Kim, Y.I; Jung, Y.H.; Hwang, K.T.; Lee, H.Y. Efficacy of 99mTe_sestamibi SPECT/CT for minimally invasive parathyroidectomy:
Comparative study with *™Tc-sestamibi scintigraphy, SPECT, US and CT. Ann. Nucl. Med. 2012, 26, 804-810. [CrossRef]

Cho, E.; Chang, ]. M.; Yoon, S.Y;; Lee, G.T.; Ku, Y.H.; Kim, H.I; Lee, M.C.; Lee, G.H.; Kim, M.]. Preoperative localization and
intraoperative parathyroid hormone assay in Korean patients with primary hyperparathyroidism. Endocrinol. Metab. 2014, 29,
464-469. [CrossRef]

Kim, H.G.; Kim, W.Y.; Woo, S.U.; Lee, ].B.; Lee, Y.M. Minimally invasive parathyroidectomy with or without intraoperative
parathyroid hormone for primary hyperparathyroidism. Ann. Surg. Treat. Res. 2015, 89, 111-116. [CrossRef]

Kim, W.Y,; Lee, J.B.; Kim, H.Y. Efficacy of intraoperative parathyroid hormone monitoring to predict success of parathyroidectomy
for secondary hyperparathyroidism. J. Korean Surg Soc. 2012, 83, 1-6. [CrossRef] [PubMed]

Paek, S.H.; Kim, S.J.; Choi, ].Y.; Lee, K.E. Clinical usefulness of intraoperative parathyroid hormone monitoring for primary
hyperparathyroidism. Ann. Surg. Treat. Res. 2018, 94, 69-73. [CrossRef] [PubMed]

Carneiro, D.M.; Solorzano, C.C.; Nader, M.C.; Ramirez, M.; Irvin, G.L., 3rd. Comparison of intraoperative iPTH assay (QPTH)
criteria in guiding parathyroidectomy: Which criterion is the most accurate? Surgery 2003, 134, 973-979; discussion 979-981.
[CrossRef] [PubMed]

Liu, H.; Wilkerson, M.L.; Lin, F. Thyroid, parathyroid, and adrenal glands. In Handbook of Practical Immunohistochemistry: Frequently
Asked Questions; Lin, ., Prichard, ].W., Liu, H., Wilkerson, M.L., Eds.; Springer International Publishing: Cham, Switzerland, 2022;
pp- 339-374.

Bilezikian, ].P.; Khan, A.A.; Potts, ].T., Jr. Guidelines for the management of asymptomatic primary hyperparathyroidism:
Summary statement from the third international workshop. J. Clin. Endocrinol. Metab. 2009, 94, 335-339. [CrossRef]

Kwon, W.; Jang, M.C.; Noh, D.Y.; Youn, Y.K.; Oh, S.K. Primary hyperparathyroidism: A 26-year experience at Seoul National
University Hospital. Korean |. Endocr. Surg. 2007, 7, 147-154. [CrossRef]

Kim, ].K;; Chai, Y.J.; Chung, ].K.; Hwang, K.T.; Heo, S.C.; Kim, S.J.; Choi, ].Y,; Yi, KH.; Kim, S.W.; Cho, S.Y.; et al. The prevalence
of primary hyperparathyroidism in Korea: A population-based analysis from patient medical records. Ann. Surg. Treat. Res. 2018,
94, 235-239. [CrossRef]

Heath, D.A. Primary hyperparathyroidism. Clinical presentation and factors influencing clinical management. Endocrinol. Metab.
Clin. N. Am. 1989, 18, 631-646. [CrossRef]

Arici, C; Cheah, WK.; Ituarte, P.H.; Morita, E.; Lynch, T.C.; Siperstein, A.E.; Duh, Q.Y.; Clark, O.H. Can localization studies be
used to direct focused parathyroid operations? Surgery 2001, 129, 720-729. [CrossRef]

Ryan, J.A., Jr.; Eisenberg, B.; Pado, K.M.; Lee, F. Efficacy of selective unilateral exploration in hyperparathyroidism based on
localization tests. Arch. Surg. 1997, 132, 886-890; discussion 890-891. [CrossRef]

Martin, R.C., 2nd; Greenwell, D.; Flynn, M.B. Initial neck exploration for untreated hyperparathyroidism. Am. Surg. 2000, 66,
269-272.

Irvin, G.L., 3rd; Dembrow, V.D.; Prudhomme, D.L. Operative monitoring of parathyroid gland hyperfunction. Am. J. Surg. 1991,
162,299-302. [CrossRef]

61



Medicina 2022, 58, 1464

35.

36.

37.

38.

39.

40.

41.

42.

43.

+4

45.

46.

47.

48.

49.

50.

Chapuis, Y.; Fulla, Y.; Bonnichon, P; Tarla, E.; Abboud, B.; Pitre, J.; Richard, B. Values of ultrasonography, sestamibi scintigraphy,
and intraoperative measurement of 1-84 PTH for unilateral neck exploration of primary hyperparathyroidism. World J. Surg.
1996, 20, 835-839; discussion 839-840. [CrossRef] [PubMed]

Sugg, S.L.; Krzywda, E.A.; Demeure, M.].; Wilson, S.D. Detection of multiple gland primary hyperparathyroidism in the era of
minimally invasive parathyroidectomy. Surgery 2004, 136, 1303-1309. [CrossRef]

Nussbaum, S.R.; Thompson, A.R.; Hutcheson, K.A.; Gaz, R.D.; Wang, C.A. Intraoperative measurement of parathyroid hormone
in the surgical management of hyperparathyroidism. Surgery 1988, 104, 1121-1127. [PubMed]

Haciyanli, M.; Lal, G.; Morita, E.; Duh, Q.Y.; Kebebew, E.; Clark, O.H. Accuracy of preoperative localization studies and
intraoperative parathyroid hormone assay in patients with primary hyperparathyroidism and double adenoma. J. Am. Coll. Surg.
2003, 197, 739-746. [CrossRef]

Fraker, D.L.; Harsono, H.; Lewis, R. Minimally invasive parathyroidectomy: Benefits and requirements of localization, diagnosis,
and intraoperative PTH monitoring. Long-term results. World ]. Surg. 2009, 33, 2256-2265. [CrossRef]

Eigelberger, M.S.; Cheah, W.K,; Ituarte, PH.; Streja, L.; Duh, Q.Y.; Clark, O.H. The NIH criteria for parathyroidectomy in
asymptomatic primary hyperparathyroidism: Are they too limited? Ann. Surg. 2004, 239, 528-535. [CrossRef]

Aygiin, N.; Uludag, M. Surgical treatment of primary hyperparathyroidism: Which therapy to whom? Sisli Etfal Hastan. Tip Bul.
2019, 53, 201-214. [CrossRef]

Glassford, D.M.; Remmers, A.R,, Jr.; Sarles, H.E.; Lindley, J.D.; Scurry, M.T.; Fish, J.C. Hyperparathyroidism in the maintenance
dialysis patient. Surg. Gynecol. Obstet. 1976, 142, 328-332.

Higgins, R.M.; Richardson, A ].; Ratcliffe, P.J.; Woods, C.G.; Oliver, D.O.; Morris, PJ. Total parathyroidectomy alone or with
autograft for renal hyperparathyroidism? Q. J. Med. 1991, 79, 323-332.

Kazama, ].J. Japanese Society of Dialysis Therapy treatment guidelines for secondary hyperparathyroidism. Ther. Apher. Dial.
2007, 11 (Suppl. 1), 544-547. [CrossRef] [PubMed]

Stracke, S.; Keller, E; Steinbach, G.; Henne-Bruns, D.; Wuerl, P. Long-term outcome after total parathyroidectomy for the
management of secondary hyperparathyroidism. Nephron Clin. Pract. 2009, 111, c102—109. [CrossRef] [PubMed]

Tominaga, Y.; Matsuoka, S.; Uno, N.; Sato, T. Parathyroidectomy for secondary hyperparathyroidism in the era of calcimimetics.
Ther. Apher. Dial. 2008, 12 (Suppl. 1), S21-526. [CrossRef] [PubMed]

Saliba, W.; El-Haddad, B. Secondary hyperparathyroidism: Pathophysiology and treatment. . Am. Board Fam. Med. 2009, 22,
574-581. [CrossRef]

National Kidney Foundation. K/DOQI clinical practice guidelines for bone metabolism and disease in chronic kidney disease.
Am. ]. Kidney Dis. 2003, 42, S1-S201. [CrossRef]

Clark, O.H.; Wilkes, W.; Siperstein, A.E.; Duh, Q.Y. Diagnosis and management of asymptomatic hyperparathyroidism: Safety,
efficacy, and deficiencies in our knowledge. J. Bone Miner. Res. 1991, 6 (Suppl. 2), S135-5142; discussion 151-152. [CrossRef]
Patel, N.; Mihai, R. Long-term cure of primary hyperparathyroidism after scan-directed parathyroidectomy: Outcomes from a
UK endocrine surgery unit. World J. Surg. 2022, 46, 2189-2194. [CrossRef]

62



By medicina

Article

The Utility of 4D-CT Imaging in Primary Hyperparathyroidism
Management in a Low-Volume Center

Marko Murruste 1*, Martin Kivilo 2, Karri Kase 12, Ulle Kirsimagi 1, Annika Tahepold 3 and Kaia Tammiksaar 4

Citation: Murruste, M.; Kivilo, M.;
Kase, K,; Kirsimagi, U.; Tahepold, A.;
Tammiksaar, K. The Utility of 4D-CT
Imaging in Primary
Hyperparathyroidism Management
in a Low-Volume Center. Medicina
2023, 59, 1415. https://doi.org/
10.3390/medicina59081415

Academic Editor: Jin Wook Yi

Received: 1 July 2023
Revised: 24 July 2023
Accepted: 1 August 2023
Published: 3 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
1.0/).

Surgery Clinic of Tartu University Hospital, 50406 Tartu, Estonia; karri.kase@kliinikkum.ee (K.K.);

ylle kirsimagi@kliinikum.ee (U.K.)

Faculty of Medicine, University of Tartu, 50406 Tartu, Estonia; martinkivilo@gmail.com

Radiology Clinic of Tartu University Hospital, 50406 Tartu, Estonia; annika.tahepold@kliinikum.ee
Internal Medicine Clinic of Tartu University Hospital, 50406 Tartu, Estonia; kaia.tammiksaar@kliinikum.ee
*  Correspondence: marko.murruste@kliinikum.ee

=N

Abstract: Background: Ultrasonography (US) and the 9mTc-sestamibi parathyroid scan (SPS) may
have suboptimal accuracy when detecting the localization of enlarged parathyroid gland(s) (PTG).
Therefore, the more accurate four-dimensional computed tomography scan (4D-CT) has been em-
ployed for PTG imaging. Currently, there is a paucity of data evaluating the utility of 4D-CT in
low caseload settings. Aim and Objectives: To evaluate the impact of PTG imaging, using 4D-CT in
conjunction with its intraoperatively displayed results, on the outcomes of surgical PTX. Materials and
Methods: A single-center retrospective analysis of surgically treated patients with pHPT from 01/2010
to 01/2021 was conducted. An evaluation of the impact of the preoperative imaging modalities on
the results of surgical treatment was carried out. Results: During the study period, 290 PTX were
performed; 45 cases were excluded due to surgery for secondary, tertiary or recurrent HPT, or due to
the use of alternative imaging techniques. The remaining 245 patients were included in the study.
US was carried out for PTG imaging in 236 (96.3%), SPS in 93 (38.0%), and 4D-CT in 52 patients
(21.2%). The use of 4D-CT was associated with a significantly higher rate of successful localization
of enlarged PTG (49 cases, 94.2%) compared to US and SPS (74 cases, 31.4%, and 54 cases, 58.1%,
respectively). We distinguished between three groups of patients based on preoperative imaging;:
(1) PTG lateralization via US or SPS in 106 (43.3%) cases; (2) precise localization of PTG via 4D-CT
in 49 (20.0%) patients; and (3) in 90 cases (36.7%), PTG imaging failed to localize an enlarged gland.
The group of 4D-CT localization had significantly shorter operative time, lower rate of simultaneous
thyroid resections, as well as lower rate of removal of >2 PTG, compared to the other groups. The
4D-CT imaging was also associated with the lowest perioperative morbidity and with the lowest
median PTH in the one month follow-up; however, compared to the other groups, these differences
were statistically not significant. The implementation of 4D-CT (since 01/2018) was associated with a
decrease in the need for redo surgery (from 11.5% to 7.3%) and significantly increased the annual case
load of PTX at our institution (from 15.3 to 41.0) compared to the period before 4D-CT diagnostics.
Conclusions: 4D-CT imaging enabled to precisely locate almost 95% of enlarged PTG in patients with
pHPT. Accurate localization and intraoperatively displayed imaging results are useful guides for
surgeons to make PTX a faster and safer procedure in a low-volume center.

Keywords: primary hyperparathyroidism; parathyroid imaging; parathyroidectomy; four-dimensional
computed tomography

1. Introduction

Primary hyperparathyroidism (pHPT) is an increasingly common endocrine disorder,
reaching a prevalence of 0.3% in the general European population [1,2]. Furthermore,
in the Scandinavian countries, the prevalence of pHPT has reached 2-5% in peri- and
postmenopausal women [3]. The wider availability of blood calcium screening tests and
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ultrasonography (US) has probably led to this increase in the recent decades [4]. As surgical
treatment is the only definitive cure for pHPT; a parallel increase in the prevalence of
parathyroidectomies (PTX) has been seen in the past decades [5,6].

When compared to conservative management, PTX is a relatively safe and cost-
effective procedure [7]. Cure rates of surgical PTX exceed 95% at centers with high exper-
tise [5]. Although this procedure is associated with a relatively low risk of complications,
the ultimate goal of surgery—normal function of the remaining parathyroid glands (PTG)
manifesting as persistent normocalcemia—is not always met. This is often due to difficul-
ties in the preoperative and intraoperative localization of pathologic PTG, leading to the
persistence of pHPT and the need for redo surgery [8]. Although the need for preoperative
PTG imaging has been a subject of numerous debates, it has been demonstrated that the
preoperative localization of enlarged PTG facilitates the intraoperative exploration of the
culprit gland. Furthermore, PTG imaging also has the potential to prevent a large number
of bilateral neck explorations (BNE) and promote unilateral neck exploration or minimally
invasive PTX instead [9]. Therefore, the current guidelines recommend the preoperative
localization of hyperfunctioning PTG for the selection of suspect PTX candidates, as it
allows for a more focused approach, reduces operation time and complications, and re-
sults in a better cosmetic outcome and greater patient satisfaction [10,11]. Although the
preferred sequence of imaging continues to evolve and there exists no universally agreed
algorithm, US is usually the first line modality, followed in some institutions by *™Tc
sestamibi parathyroid scan with subtraction imaging (SPS). However, both tests may have
suboptimal localizing accuracy with a considerable rate of failed localizations. Therefore, a
more accurate four-dimensional computed tomography scan (4D-CT) has been suggested
for PTG imaging [12].

Another aspect affecting successful PTX and biochemical cure is surgeons’ experience.
Multiple studies have reported better outcomes of parathyroid surgery in high-volume
centers, however, no definite volume threshold has been established [13]. Although some
studies have proposed a threshold of 20 PTX per year, this number is purely based on
professional opinions, a so-called ‘pragmatic and achievable target’ [14,15].

The above-described problems were also seen in our center. We had a relatively high
percentage of patients with failed preoperative localization of PTG, and our annual case-
load was relatively low (ca 10-15 cases of surgically treated patients with pHPT) [16]. Thus,
in 2018, we attempted to improve the PTX success rate by implementing 4D-CT imaging
for the localization of pathologically enlarged PTG from 2018.

The aim of the present study was to evaluate the impact of using 4D-CT as the PTG
imaging modality on the outcomes of surgical PTX.

Our primary outcome was sensitivity of 4D-CT in comparison to US and SPS for
preoperative PTG adenoma localization. The secondary outcomes were the need for redo
surgery and morbidity. Additionally, the characteristics of surgical PTX, i.e., operative
time, number of removed parathyroid glands, and rate of simultaneous thyroid surgery,
were assessed.

We hypothesized that the success rate of 4D-CT in detecting enlarged PTG would
be higher compared to US and SPS, which would result in better outcomes of surgical
treatment. Furthermore, we hoped that the implementation of 4D-CT would make PTX
outcomes comparable to those of large volume centers.

2. Methods

Ethics. The present study is a single-center retrospective analysis of surgically treated
patients with pHPT. The Research Ethics Committee of the University of Tartu approved
this clinical research (protocol 300/T-4).

Patients. All adult patients aged 18 years or older, who were operated due to pHPT at
the Department of Surgery of Tartu University Hospital between 01/2010 and 01/2021, and
on whom US, SPS, or 4D-CT for PTG imaging was used, were included in the study. The
exclusion criteria were surgery for secondary, tertiary, or recurrent HPT. We also excluded
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a few patients whose PTG imaging investigations were magnetic resonance imaging (MRI)
or conventional computed tomography (CT).

During the study period, 290 parathyroid operations were carried out; 32 cases were
excluded due to surgery for secondary, tertiary, or recurrent HPT and 13 cases due to PTG
imaging via MRI or conventional CT. The remaining 245 patients, who were operated for
pHPT and whose imaging investigations were US, SPS, or 4D-CT, were included in the
study (Figure 1).

Total number of PTX
(2010-2020)
n=290

Excluded cases, n=45:
- secondary/tertiary HPT, n=10
- redo surgery, n=22
- PTG imaging via MRI
or conventional CT, n=13

Included cases, n=245:
(PTX for primary HPT, imaged
via US, SPS or 4D-CT)

Figure 1. Study flowchart. PTX parathyroidectomy; HPT hyperparathyroidism; PTG parathyroid
gland; US ultrasonography; SPS sestamibi parathyroid scan; 4D-CT four-dimensional computed
tomography; MRI magnetic resonance imaging.

PTG imaging. In the present study, the routine management of patients with suspected
pHPT consisted of preoperative biochemical confirmation of pHPT, followed by localization
investigations, including US (performed by endocrinologists) and SPS in cases of incon-
clusive US imaging. Since 2018, we have replaced SPS with 4D-CT imaging, and SPS was
only used in cases where 4D-CT was contraindicated (e.g., renal insufficiency, intolerance
of iodine based contrast media). The 4D-CT scanning protocol consists of precontrast
imaging followed by arterial (25 to 30 s after contrast injection), early-delayed (40 to 45 s
after contrast injection), and late-delayed (80 to 90 s after contrast injection) phases.

To facilitate better intraoperative localization of enlarged PTG, the results of 4D-
CT imaging (precise localization of suspected pathological PTG) were always displayed
intraoperatively using the axial, coronal, and/or sagittal CT-planes.

Surgical treatment consisted of a small Kocher incision (usually up to 5 cm) for access,
followed by the classical medial approach to explore the thyroid and parathyroid regions,
mobilizing the strap muscles from their midline position by progressive lateral mobilization.

For patients with failed preoperative localization or with multiglandular PTG involve-
ment, a classical BNE was carried out. In the case of successful lateralization of enlarged
PTG using US or SPS, a unilateral neck exploration was employed. For patients with precise
preoperative localization of pathologic PTG via 4D-CT imaging, a one-region dissection
in the suspected area was undertaken. In the case of failed focused exploration of PTG,
conversion to classical BNE was employed.

Database. The study database comprises data about surgical treatment (operative
time, number of removed PTG, simultaneous thyroid surgery, complications, and length of
stay) and biochemical characteristics before and after surgical treatment (serum calcium,
ionized calcium, parathyroid hormone (PTH), 25-hydroxyvitamin D, phosphate, and cre-
atinine levels). Biochemical follow-up data were obtained one month and one year after
surgical treatment.
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Persistence of pHPT was defined as the presence of one of the following: reoperation
for pHPT during 2 years of follow-up, or ionized calcium levels above 1.32 mmol/L with
synchronous PTH levels over 6.9 pmol/L.

Data analysis. The impact of the preoperative imaging modalities on the results of
surgical treatment were evaluated in three groups: (1) PTG localization via US or SPS, as
these modalities enabled to detect the affected side (‘lateralization’), however, precise three-
dimensional localization was not employed; (2) precise localization of PTG via 4D-CT; and
(3) cases where preoperative PTG localization was not successful (‘image negative patients’).

An additional assessment of the results was carried out in two time frames: before the
implementation of 4D-CT (from 01/2010 to 12/2017) and after it (01/2018 to 01/2021).

Statistical analysis. All perioperative and follow-up data were entered into a com-
puterized database (Microsoft Access 2016). The software package Statistica version 13.3
(TIBCO Software, Palo Alto, CA, USA) was used for statistical calculations.

The main characteristics are presented as medians (with 25% and 75% percentiles) in
the case of non-normal distribution of variables; dichotomous variables are reported as
counts and percentages. Comparisons between the study groups were made using the fol-
lowing tests: Fisher’s exact test in the case of percentages, non-parametric Mann-Whitney
U-test in the case of medians for non-normally distributed variables. The level of statistical
significance was set at p < 0.05.

3. Results

Patients. During the study period, 245 patients who were operated for pHPT and
whose imaging investigations were US, SPS, or 4D-CT were included in the study.

Preoperative data. The median age of the patients at the time of surgical treatment
was 66 years; there were 218 female (89.0%) and 27 male patients (Table 1). The preoper-
ative biochemical characteristics were: median ionized calcium level 1.51 mmol/L; PTH
15.0 pmol/L; and phosphate 0.86 mmol /L.

Table 1. Preoperative characteristics of the patients.

Characteristic Patients, n = 245
Age (y) 66 (58-74)
Female gender, n (%) 218 (89.0%)
iCa* 1.51 (1.44-1.61)
PTH* 15.0 (10.4-25.3)
Phosphate © 0.86 (0.73-0.95)
Parathyroid imaging:

—  US,n (%) 236 (96.3)

—  successful localization, n (%) 74 (31.4)

—  SPS,n (%) 93 (38.0)

—  successful localization, n (%) 54 (58.1)

—  4D-CT, n (%) 52(21.2)

—  successful localization, n (%) 49 (94.2)

Data are presented as median (with interquartile range) or percentages. Y years; iCa ionized calcium; PTH
parathyroid hormone; US ultrasonography; SPS sestamibi parathyroid scan; 4D-CT four-dimensional com-
puted tomography. * Reference value 1.16-1.32 mmol/L, ¥ Reference value 1.6-6.9 pmol/L, ° Reference value
0.81-1.45 mmol /L.

PTG imaging. For PTG imaging, US was carried out in 236 (96.3%, Figure 2), SPS
in 93 (38.0%), and 4D-CT in 52 patients (21.2%) since its implementation in 2018. There
occurred no complications associated with the use of 4D-CT imaging (e.g., development
or exacerbation of renal insufficiency; intolerance of intravenous iodine based contrast
media; etc.). However, for 6 patients, 4D-CT was contraindicated due to an underlying
renal insufficiency or known allergy to iodine-based contrast media.
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PTG imaging modalities

100%

80%

60%

40%

20%

0%
us SPS 4D-CT
Figure 2. Use of PTG imaging modalities in 245 patients. Image-negative cases (striped yellow area).
Successful localization of enlarged PTG (yellow area). PTG parathyroid gland; US ultrasonography;
SPS sestamibi parathyroid scan; 4D-CT four-dimensional computed tomography.

The use of 4D-CT was associated with a significantly higher rate of successful local-
ization of enlarged PTG (49 cases, 94.2%) compared to US and SPS (74 cases, 31.4%; and
54 cases, 58.1%, respectively).

Results of surgical treatment.

According to the preoperative data gathered on PTG localization diagnostics, three
groups of patients were distinguished: (1) PTG lateralization (via UH or SPS), (2) precise
PTG localization (via 4D-CT), and (3) patients with non-successful localization of PTG.
There were 106 patients (43.3%) in the first group, 49 in the second (20.0%), and 90 (36.7%)
in the third (Table 2).

More precise localizations of PTG with the use of 4D-CT led to significantly shorter
median operative time, this being 35 min (Figure 3) compared to 51 min if PTG localization
was not successful and 53 min after localization via US/SPS.

160 4
140 | 1
120
Z 100
2 p-value
2 80 0.004
2
5 60
& . c
40 ;
o o Median
20 - [ ] 25%-75%
~— T Min-Max
0

US or SPS 4D-CT Non-localized
Parathyroid gland imaging

Figure 3. Operative time of parathyroidectomy according to preoperative localization diagnostics. US
ultrasonography; SPS sestamibi parathyroid scan; 4D-CT four-dimensional computed tomography.

An assessment of the characteristics of PTX revealed a significantly higher proportion
of patients in the group of non-localized PTG undergoing removal of >2 PTG (35.6%)
compared to 23.6% and 14.3% in the US/SPS and 4D-CT groups, respectively. Although the
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rate of true histologically proven multiglandular disease was similar between the groups,
it is obvious that in the remaining cases, ‘innocent’ PTG were removed.

The unsuccessful preoperative localization of PTG was also associated with a signif-
icantly higher rate of simultaneous thyroid resections (52.2%) compared to the US/SPS
(28.3%) and 4D-CT (28.6%) groups.

Moreover, 4D-CT imaged patients showed the lowest complications rate at 2.0%,
compared to 13.2% and 10.0% for the US/SPS imaged patients and the patients with failed
preoperative imaging, respectively. However, the difference between the groups remained
statistically non-significant (p = 0.076).

A short-term biochemical follow-up (one month after surgery) revealed the lowest
PTH and ionized calcium levels to be in the group of 4D-CT imaged cases. Nonetheless,
compared to the US/SPS imaged and non-localized cases, the difference between the
groups was not significant (p = 0.082 for PTH, and p = 0.318 for ionized calcium).

Persistence of pHPT was diagnosed in three patients (6.1%) of the 4D-CT group,
and in 13 (12.3%) and 7 patients (7.8%) of the US/SPS and the non-localized groups,
respectively. A reoperation for persistence of hyperparathyroidism was undertaken in
most cases during the first year after initial surgery. As a result of successful reoperation, a
one-year biochemical follow-up demonstrated similar ionized calcium and PTH levels in
all three groups.

Table 2. Comparison of operative and follow-up characteristics of the patients according to the results
of preoperative imaging.

Localized via

Localized via

Non-Localized

US or SPS (106) 4D-CT (49) PTG (90) p-Value
Operative characteristics:

—  Operative time (min) 53 (36-71) 35 (24-56) 51 (41-64) 0.004

—  Removed >2 PTG, n (%) 25 (23.6) 7 (14.3) 32 (35.6) 0.018

—  True multiglandular disease &, n (%) 17 (16.0) 5(10.2) 16 (17.8) 0.505

— PTG size (mm) 15 (10-20) 13 (10-19) 15 (8-20) 0.728

— Simultaneous thyroid surgery, n (%) 30(28.3) 14 (28.6) 47 (52.2) 0.001
Complications, n (%) 14 (13.2) 1(2.0) 9 (10.0) 0.076

—  Wound hematoma, n 0 0 3 -

— RLNinjury, n 3 1 1 -

—  Subjective dysphonia, n 5 0 0 -

—  Other 6 0 5 -
Length of stay (d) 2 (2-2) 2 (2-2) 2 (2-2) 0.272
Follow-up (30 day):

— iCa* 1.29 (1.23-1.35) 1.25(1.22-1.32) 1.29 (1.23-1.33) 0.318

— PTH* 7.1(5.1-12.3) 5.6 (4.3-7.6) 6.2 (3.8-11.0) 0.082
Follow-up (1 year):

— iCa* 1.27 (1.23-1.30) 1.25(1.20-1.32) 1.26 (1.22-1.33) 0.798

_ PTH* 5.4 (4.5-9.9) 5.7 (3.8-8.3) 5.4 (3.7-9.5) 0.735
Redo surgery, n (%) 13 (12.3) 3(6.1) 7 (7.8) 0.467

Data are presented as median (with interquartile range) or percentages. US ultrasonography; SPS sestamibi
parathyroid scan; 4D-CT four-dimensional computed tomography; PTG parathyroid gland; RLN recurrent
laryngeal nerve; iCa ionized calcium; PTH parathyroid hormone. & Histologically proven multiglandular
parathyroid gland involvement, * Reference value 1.16-1.32 mmol/L, # Reference value 1.6-6.9 pmol/L.

Next, we evaluated the prevalence of complications and failure to cure as a combined
metric of negative outcome suggested by Ullmann et al. [8]. There was no significant
difference between the groups. Yet, the lowest rate of one or both negative events occurred
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in the group of 4D-CT localized PTG, this being 8.2% compared to 23.6% and 16.7% in the
groups of UH/SPS localized and of non-localized patients, respectively.

Additionally, an analysis of the results for two time frames was performed. During
the first period (from 2010 to 2017), PTG was localized via US or SPS; the second period
(from 2018 to 2020) started after the implementation of 4D-CT diagnostics, which was
indicated for patients with inconclusive UH results. This analysis revealed two important
associations with the implementation of 4D-CT (Figure 4). The need for redo surgery
fell from 11.5% during the first period to 7.3% during the second period, and the annual
case-load of PTX almost tripled at our institution from 15.3 cases per year for the first
period to 41 cases per year for the second period.

PTX due to pHPT

50
] 40
2
g
g 30
e
Z 20
I}
2
Z 10
0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Parathyroid US, SPS US.SPs, 4D-CT -
imaging: 2010-2017, n=122 2018-2020,n=123 value
Annual 15.3 al 0019
caseload:
Rate of redo 11.5% 7.3% 0.283
surgery:

Figure 4. Two periods of imaging: before and after implementation of 4D-CT scan for PTG localization.
Impact on the annual PTX case-load and on the rate of redo surgery. PTX parathyroidectomy; pHPT
primary hyperparathyroidism; US ultrasonography; SPS sestamibi parathyroid scan; 4D-CT four-
dimensional computed tomography.

4. Discussion

The present retrospective study reports an impact of the implementation of 4D-CT
imaging of PTG on the results of surgical treatment of pHPT in a low-volume center.

The need for PTG imaging has been a subject of debate over decades. It has been
suggested repeatedly that an experienced parathyroid surgeon is capable of localizing a
vast majority of parathyroid glands without imaging assistance [17]. It has even been stated
that the greatest challenge in the preoperative localization of PTG adenoma is locating an
experienced parathyroid surgeon [11]. However, as parathyroid surgery also has to be
performed at low or medium case-load institutions, expert surgeons are not always avail-
able [18]. Things are further complicated when we consider that this experience can only
be gained from parathyroid surgery. It has been demonstrated that the surgical experience
gained from non-parathyroid surgery in the same anatomical region (e.g., thyroid surgery)
does not improve outcomes in parathyroid surgery. For example, centers performing a
large number of thyroid but low number of parathyroid surgical procedures have a signifi-
cantly higher rate of reoperative parathyroid surgery [19]. Thus, other methods need to
compliment the surgeon’s experience.

Preoperativne imaging is a good way to compensate for the experience cap in lower
volume centers. Frank et al. demonstrated that negative preoperative imaging correlates
with reduced success rates of surgical exploration and a higher need for redo surgery [20].
An even more convincing argument for the use of extended localization diagnostics is that
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focused dissection in the area of enlarged PTG is associated with reduced morbidity [21].
Therefore, as the precise preoperative anatomical localization of enlarged PTG facilitates the
intraoperative exploration of the culprit gland, PTG imaging has the potential to prevent a
large number of BNE, as well as promote unilateral neck exploration or minimally invasive
PTX instead [9].

Although the preferred sequence of imaging continues to evolve and there exists
significant institutional variation, in some institutions, SPS is performed following neck
US to confirm the identification of enlarged PTG, or to exclude an ectopic localization
before surgical treatment is considered [22,23]. A meta-analysis assessing the value of US
imaging in pHPT reported an overall pooled sensitivity of 76.1% and a positive predictive
value of 93.2%; however, significant operator and center dependency was emphasized [24].
Nevertheless, despite the wide availability of SPS, several studies have reported great
variation in its diagnostic accuracy, with reported sensitivity from 25.4% for US-negative
patients to 78.9% for single-gland disease [9,25]. Hence, the quality of both imaging
investigations and their interpretation vary dramatically between institutions, and both
common localizing tests (US and SPS) may have suboptimal localizing accuracy with a
considerable rate of non-localized cases [26].

In the present study, endocrinologists performed all US tests; however, the rate of
successful localizations of enlarged PTG was relatively low, and the results of SPS diag-
nostics were only slightly better. This likely contributed to the failed preoperative imaging
of enlarged PTG. Therefore, we implemented 4D-CT scan for preoperative PTG imaging
in 2018 at our institution. Owing to this, we achieved a 94.2% success rate of detecting
enlarged PTG. Even more importantly, there occurred several favorable changes from the
clinical point of view. After the implementation of 4D-CT imaging, the need for redo
surgery decreased from 11.5% to 7.3%. We also saw a move towards less extensive and
more focused surgical dissection. This was illustrated by shorter PTX operative times; a
lower number of patients undergoing the removal of two or more PTG; a lower rate of
simultaneous thyroid surgery; and lower morbidity. However, the last difference remained
statistically non-significant.

Shorter operative times for PTX in the 4D-CT imaged patients were expected, as the
precise preoperative localization of enlarged PTG enabled us to use unilateral focused
exploration instead of BNE in most cases. We mostly used a small (4-5 cm) central Kocher’s
skin incision, followed by a unilateral dissection on the side of the enlarged PTG. The
potential benefit of using Kocher’s incision is the easy conversion from unilateral dissection
to classical BNE in the case of failed one-side exploration. However, according to consensus,
PTX is minimally invasive when performed through an incision of less than 3 cm. Therefore,
our approach has to be defined as non-minimally invasive [27,28]. Despite this, advances
in preoperative imaging certainly promote the use of minimally invasive PTX, with lower
complication rates and better cosmetic effect compared to BNE [29].

An additional tool facilitating a more focused dissection and better guidance of surgery
was the intraoperative display of the results of 4D-CT PTG imaging. However, this state-
ment is based on professional experience.

We believe that significantly higher rate of extirpation of two or more PTG in the group
of preoperatively non-localized PTG was caused by difficulties linked to the intraoperative
localization of culprit PTG, especially in cases of small adenomas. The exploration of a
slightly enlarged PTG resulted in its extirpation. If the macroscopic changes were ‘not
convincing’, or the frozen section did not confirm the diagnosis of PTG adenoma, further
explorative dissection and extirpation of a second PTG, whether with minimal or more
‘convincing’ changes, was undertaken. As the rate of true histologically proven multiglan-
dular disease for the groups was similar, we could conclude that the use of 4D-CT enables
the reduction of the removal rate of “innocent PTG’.

The uncertain location of PTG probably led to the almost twofold rate of simultaneous
thyroid surgery (52.2%) in patients with failed preoperative imaging of the PTG pathology,
compared to cases of successfully localized enlarged PTG (28.3-28.6%). The higher rate of
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concurrent thyroidectomies might have been due to the removal of the protruding thyroid
tissue, especially in the retrothyroideal position, which were mistaken for PTG adenomas.
Ryan et al. reported a rate of 25% for simultaneous thyroid surgery, and they performed
thyroid resection to optimize operative access, ensure the complete removal of involved
PTG without the risk of seeding the parathyroid tissue, or more commonly, to remove
synchronous thyroid pathology [30]. Thus, the optimal rate for a concurrent thyroid surgery
seems to be one in every four cases of PTX. In our study we only saw similar rates for
image-positive patients. However, as the rate of simultaneous thyroid surgery reported in
other studies is relatively high as well (up to 50%), we believe that this is a place for further
research and discussion [25].

After the implementation of 4D-CT, the observed decrease in morbidity was most
probably attributable to the less extensive surgical exploration and the discarding of routine
BNE. Although the difference in morbidity between the groups was obvious (2.0% for
4D-CT, 13.2% for US or SPS localized, and 10.0% for non-localized cases), it remained on the
verge of statistical significance (p = 0.076). Nevertheless, we share the opinion that surgeons
should not perform blind exploration, as positive imaging investigation can almost always
be obtained to make the surgery safer [23].

There are several other diagnostic options that are suggested to improve the results
of surgical treatment of pHPT. Positron emission tomography (PET) with 11C-choline has
shown outstanding results with an accuracy of almost 99% [31]. However, despite its
excellent accuracy, PET has considerable limitations mostly related to its cost and availabil-
ity [32]. In the present study, intraoperative diagnostic tests (e.g., PTH measurement and
frozen section consultation) were used relatively rarely, as they are deemed unacceptable
at our institution for being too time consuming. However, we are looking forward to
implementing rapid intraoperative PTH assay, as encouraged by a systematic review by
Medas et al. reporting a significantly lower rate of persistent and recurrent pHPT with the
use of this test [33]. This technique eliminates the need for intraoperative frozen section
consultation, thereby saving time and expense [23]. In summary, we think that other novel
diagnostic modalities should be used in concurrence with 4D-CT in low-volume centers.

This study had some limitations. First, the retrospective nature of this study means
that there were some missing data points. Second, our cohort has quite an impressive
female predominance, which can affect the generalizability of our data.

5. Conclusions

The use of 4D-CT imaging enabled to precisely locate almost 95% of enlarged PTG
in patients with pHPT. The accurate localization and intraoperatively displayed imaging
results are useful guides for surgeons to make PTX a faster and safer procedure in a
low-volume center.
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Abbreviations

BNE bilateral neck exploration

CT computed tomography

HPT hyperparathyroidism

iCa ionized calcium

MRI magnetic resonance imaging
pHPT  primary hyperparathyroidism
PET positron emission tomography

PTG parathyroid gland
PTH parathyroid hormone
PTX parathyroidectomy

RLN recurrent laryngeal nerve
SPS 9mMTe sestamibi parathyroid scan
us Ultrasonography

4D-CT  four-dimensional computed tomography
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*

Abstract: Background and Objectives: Parathyroid adenoma is a distinct cause of primary hyper-
parathyroidism, with the vast majority being sporadic ones. Proteomic analysis of parathyroid
adenomas has proposed a large number of related proteins. The aim of this study is to evaluate the
immunohistochemical staining of ANXA2, MED12, MAPK1 and VDR in parathyroid adenoma tissue.
Materials and Methods: Fifty-one parathyroid adenomas were analyzed for ANXA2, MED12, MAPK1
and VDR expressions. Tissue was extracted from formalin-fixed paraffin-embedded parathyroid
adenoma specimens; an immunohistochemical study was applied, and the percentage of allocation
and intensity were evaluated. Results: ANXA2 stained positively in 60.8% of all cell types, while
MED12 had positive staining in 66%. MAPK1 expression was found to be negative in total, although
a specific pattern for oxyphil cells was observed, as they stained positive in 17.7%. Finally, VDR
staining was positive at 22.8%, based on nuclear staining. Conclusions: These immunohistochemical
results could be utilized as biomarkers for the diagnosis of sporadic parathyroid adenoma. It is of
great importance that a distinct immunophenotype of nodule-forming cells in a positive adenoma
could suggest a specific pattern of adenoma development, as in hereditary patterns.

Keywords: immunohistochemistry; parathyroid adenoma; ANXA2; MED12; MAPK1; VDR

1. Introduction

Primary hyperparathyroidism (PHPT) affects approximately 1% of the population
and is characterized by hypersecretion of parathyroid hormone (PTH) and serum-ionized
calcium. There is a female prevalence, with a ratio between men and women of 3—4:1. There
are three distinct subtypes of this disease: the most commonly found single parathyroid
adenoma (80-85%), multi-glandular hyperplasia (10-15%) and parathyroid carcinoma
(1%) [1-4].

Parathyroid adenomas are almost always (90%) sporadic, with the exception of MEN
(Multiple Endocrine Neoplasia) syndrome and the HPTjaw tumor (hyperparathyroidism-
jaw tumor) syndrome. Non-syndromic hereditary forms of PHPT, such as FIHPT (familiar
hyperparathyroidism), FHH (familial hypocalciuric hypercalcemia) and NS-HPT (neonatal
severe hyperparathyroidism) are other causes of PHPT [5].
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In the international literature, proteomic analysis of parathyroid adenoma tissues
has been reported, in which Western blotting, MALDI/TOF (matrix-assisted laser desorp-
tion/ionization), mass spectrometry and immunohistochemistry were applied. A vast
number of proteins were found to have altered expression in parathyroid adenomas [6-11].

Annexin-2 (ANXA?2) is a 36-kDa protein with NH2—terminal binding ionized calcium,
a C-terminal binding actin-F and phosphoinositol, and a central nucleus that creates stable
a-helical disks [12,13]. ANXAZ2 controls cell development and proliferation as well as cell
death by interacting with p53 and Nf-kB. Furthermore, ANXA2 regulates cell division,
promoting changes in the cytoskeleton, and has been found in increased quantities in the
G1-S phase of the cell cycle. It participates in cytoskeleton stabilization and cell interactive
activity, as it promotes cell signaling bound with ionized calcium [13]. ANXAZ2 plays an
important role in distinct disease pathogenesis, such as osteoporosis, osteonecrosis in sickle
cell anemia and depression, as well as in carcinogenesis, involved in neovascularization
and in the development, migration and metastasis of cancer cells [12-17].

Mediator complex subunit 12 (MED12) constitutes one part of the complex that initiates
DNA transcription by binding RNA polymerase II with specific transcription factors and
interacting with specific regulatory proteins [18]. It is located in the X-chromosome and
is structured by 2212 amino acids and is separated into four distinct parts from the N- to
the C-terminal end: leucine part, leucine-serine part, proline-glutamine-leucine part and
Opa part [19]. MED12 has been correlated with multiple syndromes such as FG, Lujan,
X-linked Ohdo, Opitz—Kaveggia syndrome, as well as neuropsychiatric disorders and
tachyarrythmias [20—22]. Furthermore, it has been linked to uterine leiomyomas, breast
adenomas and phylloid tumors [23-25].

Mitogen-activated protein kinase 1 (MAPK1) constitutes a part of the MAPK/Erk
signaling pathway. MAPK1 is a 41kDA protein that is involved in mitosis, cell proliferation
and death [26-28]. Its role in carcinogenesis through epithelial-mesenchymal transition
has been extensively studied, while MAPK1 has evolved in hypertrophic cardiomyopathy,
coronary artery disease and schizophrenia [28].

Vitamin D receptor (VDR) is a 427 amino acids protein with an N- and C-terminal
and a DNA-binding area [29]. VDR acts as a calcitriol mediator in the nucleus, where
it forms a heterodimer with retinoid X receptor. VDR is involved in thyroid follicular,
colorectal, salivary gland and adrenal gland adenomas [30-33]. In parathyroid adenoma, it
has already been found that VDR expression is decreased and thus in oxyphil cells [6,9].

The aim of our study is to evaluate the quantitative expression of four gene proteins
(ANXA2, MED12, MAPK1 and VDR) by immunohistochemical analysis in tissue samples
of parathyroid adenoma, as well as their qualitative characteristics.

2. Materials and Methods
2.1. Tissue Preparation and Assessment

Fifty-nine patients who underwent surgical excision of a single parathyroid adenoma
from 2019 to 2022 were enrolled in this study. The diagnosis of primary hyperparathy-
roidism caused by sporadic parathyroid adenoma was made by endocrinological investiga-
tion prior to surgical treatment [34]. Patients with a family history of parathyroid adenoma
or Multiple Endocrine Neoplasia Type II syndrome were excluded from our study. All
patients provided their consent for participation in the study, which was approved by the
local ethics committee. Serum-ionized calcium, phosphorus and parathormone levels were
evaluated preoperatively (on the day of the operation) and on the 1st postoperative day.

Specimens’ formalin-fixed paraffin-embedded (FFPE) blocks were obtained and as-
sessed, and 9 patients were excluded due to insufficient material. From the final total of
50 FFPE blocks, 2 pm sections were taken, stained with Hematoxylin—Eosin (H&E), as well
as sections on specific positive charged slides applied for immunohistochemical stains.
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2.2. Immunohistochemical Staining of ANXA2, MED12, MAPK1 and VDR

Afterward, the immunohistochemical staining of ANXA2, MED12, MAPK1 and VDR
proteins in parathyroid adenoma was assessed. These specific proteins were chosen ac-
cording to their association with the formation of other adenomas, either endocrine or not,
and the immunohistochemical results were cross-examined with genotyping of specific
polymorphisms of these genes so that their association with sporadic parathyroid adenoma
to be certified. The antibodies applied were as follows: (a) ANXA2, monoclonal (clone C-10)
(from SANTA CRUZ, USA) in a dilution of 1:1000 (45 min) (microwave pH = 6 for 16 min);
(b) MED12, rabbit polyclonal (from ATLAS/SIGMA, Sweden) in dilution 1:20 (120 min)
(microwave pH =9 for 20 min); (c) MAPKI, rabbit polyclonal (from ATLAS/SIGMA, Swe-
den) at a dilution of 1:50 (60 min) (microwave pH = 6 for 16min); (d) VDR, rabbit polyclonal
(from SANTA CRUZ USA) at a 1:50 dilution (60 min) (microwave pH = 9 for 20 min).
Immunohistochemistry was performed on 2 pm sections on a DAKO Autostainer Link
automated platform (DAKO Agilent, USA) with EnVision Flex DAKO detection system
(DAKO Agilent, USA). The sections were incubated at 60°C for 1618 h, deparaffinized
and dehydrated. Afterward, antigen retrieval and incubation with each monoclonal anti-
body were applied. The evaluation was performed in an optical microscope with 20x and
40x magnification.

Across every immunohistochemical staining, external controls were incorporated.
These controls encompassed two essential components: (a) specimens known to elicit a
positive reaction to the targeted proteins and (b) specimens exhibiting a negative reaction.
This procedure was undertaken to ensure a robust and reliable assessment of the outcome.

For the ANXA2 antibody, lung parenchyma served as the designated external positive
control. Similarly, brain substance cells were utilized as the external positive control for the
MAPKI1 antibody, and glandular epithelial cells of the colon were employed for the MED12
antibody. Lastly, Hodgkin cells from classical Hodgkin lymphoma of the nodular sclerosis
type, along with brain cells, were utilized as external controls for the VDR antibody.

Moreover, within each slide of immunohistochemical staining, the intensity of the
positive reaction was juxtaposed against endogenous controls, namely cells inherently
expressing the specific proteins under examination. In the case of ANXA2 and MAPK1
antibodies, the vascular endothelium was designated as the internal positive control. Con-
versely, for the VDR antibody, the internal positive control consisted of a hypopopulation
of T-lymphocytes (FOXP3+) and sporadic positive nuclei within the normal parathyroid
gland, while the vascular endothelium was deemed the internal negative control. The
surrounding normal parathyroid tissue was also evaluated for its immunohistochemical
reaction with these antibodies.

Staining was scored as follows:

(A) Allocation. The percentage of each type of parathyroid gland cell involved in the
adenoma (over all adenoma cells) that was positive for each staining was assessed
and scored as follows: i. 0: 0-5% rate; ii. 1: rate 6-30%; iii. 2: 31-70% rate; iv. 3: rate
71-100%.

(B) Intensity. Graded as negative, mild, moderate, intense compared to the internal
control (vessels, adipose tissue, normal parathyroid gland): i. 0: negative; ii. 1: soft;
iii. 2: moderate; iv. 3: intense.

(C) Type of staining. Staining was scored as cytoplasmic, membranous or nuclear depending
on the part of the cell targeted: i. K: cytoplasmic; ii. M: membranous; iii. P: nuclear.

The assessment was carried out by two independent pathologists, and adenomas were
classified as positive for allocation and intensity categories 1-3, i.e., >5% allocation and
mild to intense intensity.

2.3. Statistical Analysis

SPSS statistical package 22.0 (SPSS Inc., Chicago, IL, USA) was used to test frequencies
of immunohistochemical staining. One-way ANOVA and the Kruskal-Wallis test were
applied to correlate categorical and numeric variables based on the distribution model. For
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continuous data, we measured means and standard deviations for normal distribution and
medians and variances in case of non-normal distribution. A difference at p < 0.05 was
considered statistically significant.

3. Results

A total number of 50 female patients with a mean age of 54.11 4 12.46 years old were
enrolled in this study. The mean diameter of the adenoma was 1.87 + 0.73 cm, and the
mean weight was 1.12 £ 1.04 gr. Table 1 summarizes patients’ characteristics, and Table 2
displays immunohistochemical results.

Table 1. Sporadic adenoma characteristics.

Gender

Female 50

Age (years) 54.11 £12.46
Preoperative serum calcium (mg/dL) (normal values 8.4-10.2) 1091 + 0.76
Postoperative serum calcium (mg/dL) (normal values 8.4-10.2) 9.12 £ 0.62
Preoperative parathyroid hormone (pg/mL) (normal values 10-68) 82.77 £ 71.04
Postoperative parathyroid hormone (pg/mL) (normal values 10-68) 18.11 £ 16.99
Preoperative serum phosphorus (mg/dL) (normal values 2.3-4.7) 2.88 £ 0.46
Postoperative serum phosphorus (mg/dL) (normal values 2.3-4.7) 3.38 £0.74
Adenoma diameter (cm) 1.87 +0.73
Adenoma weight (gr) 1.124+1.04

The percentage of chief, oxyphil and clear cells in H&E staining were determined:
(a) 12 chief cell adenomas; (b) 3 oxyphil cell adenomas; (c) 18 chief and clear cell adenomas;
(d) 12 chief and oxyphil cell adenomas; and (e) 5 chief, clear and oxyphil cell adenomas.
Then, the total percentage of immunohistochemical staining and the positive result for each
cell type were assessed.

3.1. ANXA2 Immunohistochemical Staining

The total percentage of immunohistochemically positive cells with ANXA2 antibody
in parathyroid adenoma is 60.8%, which makes ANXA2 positive staining in sporadic
parathyroid adenoma (Figure 1).

A total of 51% of chief cells were positive in ANXA2 immunohistochemical staining,
with 19.6% showing intense staining, while 46.5% had mild and moderate intensity. The
majority of positive chief cells showed mild staining (27.5%). The type of staining in 59.4%
was cytoplasmic, 3.9% was membranous, and 21.6% was cytoplasmic and membranous.

For clear cells, the percentage of >5% positive cells was 21.6%, meaning that the
majority of cells have negative staining. The intensity of staining is mostly mild, and its
type is cytoplasmic.

The majority of oxyphil cells are negative for ANXA staining (62.7%). However, 27.5%
of oxyphil cells are positive at a rate of >70%. Staining is mild and cytoplasmic.

In some cases, in the same adenoma, there is a clearly distinct immunophenotype of
chief, clear and oxyphil cells.

ANXA2 positive staining was correlated with postoperative serum ionized calcium
levels. Thus, when the staining was intense, the postoperative serum ionized calcium levels
were higher than in moderate staining (p = 0.03).
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Figure 1. ANXA2 immunohistochemical staining: (a) negative staining of chief cells and positive
staining of normal parathyroid tissue; (b) positive staining of chief cells; (c) positive staining of clear
cells; (d) a distinct immunophenotype of chief cell nodule in an adenoma.

3.2. MED12 Immunohistochemical Staining

Immunohistochemical staining for MED12 is nuclear. The overall rate of positive
immunohistochemical staining for MED12 is 66%, demonstrating a positive reaction in the
sporadic parathyroid adenoma (Figure 2).

In chief cells, 86.3% have a positive reaction, with 58.8% in the 71-100% positive
allocation. The intensity was intense at 27.5%, while a total larger percentage had mild and
moderate staining (mild = 23.5%, moderate = 23.5% and mild + moderate = 25.5%).

Regarding clear cells, 33.3% had positive staining, and thus, the positive cells were
>70% of the total number of cells. The remaining percentage of cells was negative. The
intensity of staining in the majority of cells was moderate at 15.7%.

The majority of oxyphil cells had negative results, with 35.3% of cells having a positive
reaction. The intensity of staining was moderate in 19.6%, while mild and intense staining
was observed in <10%.

3.3. MAPK1 Immunohistochemical Staining

MAPKI1 protein seems to follow a different expression pattern as in our study, it was
detected with positive expression mainly in the oxyphil cells of the parathyroid gland.

In total, MAPK1 was negative (88.2% of cells are <5% positive).

Nevertheless, a trend for oxyphil cells was observed, as oxyphil cells were positive,
making it a remarkable observation. Oxyphil cells were positive in 17.7% with mild
intensity and cytoplasmic color (Figure 3).

MAPKI1 positive staining was correlated with adenoma weight. Thus, in moderate
staining, the adenoma was weighted more than in cases of negative staining (p = 0.04).
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Figure 2. MED12 immunohistochemical staining: (a) positivity in normal parathyroid tissue, (b) a
distinct immunophenotype of oxyphil cell nodule in a positive chief cell adenoma; (c) positive chief
cells (blue arrow), clear cells (red arrow) and oxyphil cells (green arrow).

Figure 3. MAPK1 immunohistochemical staining: (a) positive oxyphil cells and negative chief cells;
(b) negative chief cells.
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3.4. VDR Immunohistochemical Staining

According to the existing literature, VDR staining is nuclear [35,36].
The mean value for positive results based on nuclear staining is 22.8% (Figure 4).

Figure 4. VDR immunohistochemical staining: (a) positive nuclear staining in chief (green arrow)
and clear (red arrow) cells; (b) negative (blue) and positive (brown) nuclear staining in chief cells.

Finally, a clearly distinct immunophenotype was observed in the same adenoma, with
groups of nodule-forming cells being either negative in staining or mild intensity compared
to the rest of the adenoma that had an intense reaction (Figure 5).

Figure 5. VDR immunohistochemical staining: (a) positive membranous staining in the apical side of
chief cells; (b) positive, intense cytoplasmic staining in group of chief cells (green circle) encircled by
positive moderate cytoplasmic staining; (c) a distinct immunophenotype of chief cell nodule with
mild intensity in an intense positive chief cell adenoma; (d) intense positive membranous staining in
group of chief cells (red circle) encircled by mild positive membranous staining chief cells.
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4. Discussion

Immunohistochemical analysis of ANXA2, MED12, MAPK1 and VDR proteins in spo-
radic parathyroid adenoma confirmed their expression in parathyroid cells. The ANXA2
protein appears to be expressed in all three cell types (main, clear and oxyphil) of parathy-
roid cells, and immunohistochemical testing revealed a positive staining reaction in adeno-
mas. This result seems to be in line with similar studies in the international literature. Giusti
et al. studied the proteins expressed in the normal parathyroid gland compared to the
adenoma using mass spectrometry and identified a number of proteins whose expression
is altered in the adenoma, including ANXA2, which is triplicated and associated with cell
apoptosis [11]. These results were also confirmed by the study by Akpinar et al. with the
same methodology, while immunohistochemistry is recommended to confirm the results in
these studies [8,10,11].

Furthermore, MAPK1 was found to have weak expression in oxyphil adenomas. The
different expression between normal tissue and adenomas was shown to be statistically
significant [11]. The MAPK1 signaling pathway seems to play a crucial role in the patho-
genesis of parathyroid adenomas and includes a number of other proteins with different
expressions in adenomas [7,9,11]. The role of MAPKI in cell signal transduction seems to be
decisive in the pathogenesis of the disease, while the increased expression of mitochondrial
proteins in adenomas seems to be related to the conversion of chief cells to oxyphil ones in
adenomas and possibly explains the results of our own study [10].

In our study, VDR appeared to be expressed in parathyroid adenoma. The results
of the study comparing gene expression in chief and oxyphil cell adenomas by Lu et al.
reported reduced expression levels (mild-moderate intensity) of VDR protein in both types
of adenomas compared to normal tissue (strong expression) [6]. The reduced intensity of
expression of this protein in adenomas was also observed in a previous study by Rao et al.
in 2000 [6,37]. This modification is probably related to the increased values of calcium and
parathormone in serum (6). In our study, the type of VDR immunohistochemical staining
was assessed in two arms: (a) nuclear staining and (b) cytoplasmic and membranous
staining. In the international literature, there is a disconcordance of the type of staining for
this specific antibody that is considered specific for evaluating the positive reaction in the
cells. In the study by An et al., cytoplasmic and nuclear staining is reported in endometrioid
carcinoma cells, while in the study by Rehab Mohamed Sharaf et al., cytoplasmic and
membrane staining of the VDR antibody in urothelial carcinoma cells is reported [38,39].

The expression of MED12 is reported to be altered in parathyroid gland adenomas in
previous studies with mass spectrometry [7]. In our study, MED12 protein expression was
found to be positive in the majority of cells, especially in chief cells. Arya et al. reported
the expression of this protein in adenoma cells after mass spectrometry [7].

A limitation of our study is the small sample of specimens, as it is formed as a pilot
study, and further analysis will be conducted. Another limitation is the inclusion only
of women in our study, as primary hyperparathyroidism affects predominantly females.
Furthermore, our study does not have a cross-sectional analysis, which could be a possible
limitation of our study, but a cross-sectional study is already ongoing.

5. Conclusions

ANXA2, MED12, MAPK1 and VDR proved to have a positive staining in the immuno-
histochemical study of sporadic parathyroid adenomas in varying intensity and allocation
percentages. These findings enable the application of these proteins as biomarkers for the
diagnosis of parathyroid adenoma. In addition, this study demonstrates that in sporadic
parathyroid adenoma, as in hereditary syndromes, there are clearly distinct immunophe-
notypes of some types of nodule-forming cells in the same adenoma, which probably
describes a specific pattern of adenoma development.
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Abstract: Diagnosis of primary hyperparathyroidism (PHP) is based on blood assessments in terms of
synchronous high calcium and PTH (parathormone), but further management, particularly parathy-
roid surgery that provides the disease cure in 95-99% of cases, requires an adequate localisation of
the parathyroid tumour/tumours as the originating source, with ultrasound and 99m-Technetium
(99m-Tc) sestamibi scintigraphy being the most widely used. We aimed to introduce an adult female
case diagnosed with PHP displaying unexpected intra-operatory findings (ectopic thyroid tissue) in
relation to concordant pre-operatory imaging modalities (ultrasound + dual-phase 99m-Tc pertechne-
tate and sestamibi scintigraphy + computed tomography) that indicated bilateral inferior parathyroid
tumours. A sudden drop in PTH following the removal of the first tumour was the clue for per-
forming an extemporaneous exam for the second mass that turned out to be non-malignant ectopic
thyroid tissue. We overviewed some major aspects starting from this case in point: the potential
pitfalls of pre-operatory imaging in PHP; the concordance/discordance of pre-parathyroidectomy
localisation modalities; the need of using an additional intra-operatory procedure; and the clues
of providing a distinction between pathological parathyroids and thyroid tissue. This was a case
of adult PHP, whereas triple localisation methods were used before parathyroidectomy, showing
concordant results; however, the second parathyroid adenoma was a false positive image and an
ectopic thyroid tissue was confirmed. The pre-operatory index of suspicion was non-existent in this
patient. Hybrid imaging modalities are most probably required if both thyroid and parathyroid
anomalies are suspected, but, essentially, awareness of the potential pitfalls is mandatory from
the endocrine and surgical perspectives. Current gaps in imaging knowledge to guide us in this
area are expected to be solved by the significant progress in functional imaging modalities. How-
ever, the act of surgery, including the decision of a PTH assay or extemporaneous exam (as seen
in our case), represents the key to a successful removal procedure. Moreover, many parathyroid
surgeons may currently perform 4-gland exploration routinely, precisely to avoid the shortcomings of
preoperative localisation.
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1. Introduction

Diagnosis of primary hyperparathyroidism (PHP) is based on blood assessments in
terms of synchronous high calcium and PTH (parathormone), but further management,
particularly parathyroid surgery that provides the disease cure in 95-99% of cases, requires
an adequate localisation of the parathyroid tumour/tumours as the originating source of
the hormonal and biochemistry anomalies [1,2].

Parathyroid imaging represents a mandatory pre-operatory step and a large spectrum
of tools are currently available, starting with the mostly frequently used, namely cervical
ultrasound. While echography has the advantage of being non-expensive and not rep-
resenting a source of irradiation, other techniques use different radiation doses such as
parathyroid scintigraphy and four-dimensional (4D) computed tomography (CT) scans.
Also, an enhancement in the baseline features as provided by the neck ultrasound may be
provided by 4D MRI (magnetic resonance imaging) [3-5].

99m-Technetium (99m-Tc) is used as a tracer in relation to the parathyroid uptake
(regardless if ectopic or orthotopic) and 99m-Tc sestamibi is commonly applicable, for
instance, as single-photon scintigraphy with 99mTc-sestamibi or a scintigraphy with a dual
tracer (99m-Tc pertechnetate and 99m-Tc sestamibi), with either variant being associated or
not with thyroid subtraction [6,7].

99m-Tc scintigraphy represents a key imaging tool to address the parathyroid glands
and, in most countries, almost every patient that is referred to parathyroidectomy had
underwent at least one imaging procedure before surgery, mostly ultrasound in addition
to 99m-Tc sestamibi scintigraphy [8,9]. Moreover, the results may be enhanced by adding
SPECT (single-photon-emission computed tomography) or SPECT/CT regardless of an
orthotopic or ectopic parathyroid tumour [10,11]. The underlying pathway of this molec-
ular imaging is represented by the detection of the mitochondrial content at the level of
parathyroid tissue, noting that hyper-functional parathyroid glands in PHP are associated
with a high-oxyphil-cell-related abundant mitochondrial count [12,13]. The molecular
imaging approach brings more functional information when compared to structural (stan-
dard) techniques such as CT or MRI. Further on, PET/CT (positron emission tomography),
for instance, with '8F-Fluorocholine or ''C-methionine and PET/MRI (which requires
lower radiation dose than PET/CT or CT scan), provides useful dynamic captures [7,14,15].
Additionally, angiographic selective venous sampling represents an alternative to the mul-
timodal diagnosis approaches in the parathyroid field, but its exact placement among other
modalities currently represents an emergent issue to be solved [16,17]. Importantly, this is
an invasive tool that is largely reserved for re-operative cases in which imaging has not
identified a target.

However, overall, despite recent progress in this specific area, there is no standard
(unanimous) consensus with concern to the optimal imaging diagnosis before parathy-
roidectomy, with the applied techniques largely depending on one centre experience, the
availability / costs of these procedures and also an individualised approach in relation to
the clinical circumstances of a patient.

Of note, the clinical decision involving both endocrinology and surgery levels re-
mains the core of this multidisciplinary management. While a skilled surgeon relates to
the optimum parathyroidectomy outcome with regard to PHP and secondary (tertiary)
hyperparathyroidism relates to the post-operatory success rate, complications and opera-
tion time, pre-operatory imaging diagnosis is mostly helpful, also allowing a minimally
invasive/selective procedure, thus playing a role in the modern era in the parathyroid
domain since this minimal surgical act in addition to the pre-operatory localisation of the
tumour provides similar cure rates to bilateral neck exploration [18-20]. Nevertheless,
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many parathyroid surgeons may currently perform 4-gland exploration routinely, precisely
to avoid the shortcomings of preoperative localisation.

Aim
We aimed to introduce the case of an adult female diagnosed with PHP displaying
unexpected intra-operatory findings in relation to pre-operatory imaging modalities.

2. Method

This was a case report. The medical aspects were retrospectively registered. Biochem-
istry, hormonal and imaging panels were introduced, as well as intra-operatory (surgical)
aspects. A brief literature overview is performed in the Discussion section with regard to
potential pitfalls of pre-surgery imagery scans, particularly 99m-Tc scintigraphy in rela-
tion to pre-operatory concordant imaging results, and with its potential of differentiating
between a thyroid and a parathyroid tissue.

3. Clinical Vignette

This was a non-smoking 56-year-old lady who was admitted after an accidental
detection of increased serum calcium amid a routine evaluation that was conducted by
her primary care physician. She had surgical menopause since the age of 40 for a benign
uterine tumour and did not receive any hormone replacement therapy afterwards. Her
family history was irrelevant; she has been known to have mild high blood pressure for
the last decade (that was controlled under specific daily medication with beta blockers
and calcium blocker—amlodipine). On admission, PHP was confirmed based on increased
blood values of calcium and PTH (Table 1).

Table 1. Biochemistry and hormonal level on first admission for PHP on a 56-year-old female (* bone
formation markers; ** bone resorption markers).

Parameter Patient’s Value Normal Range
Total serum calcium (mg/dL) 113 8.5-10.2
Tonised calcium (mg/dL) 5.07 3.9-49
Total proteins(g/dL) 6.8 6.5-8.7
Phosphorus (mg/dL) 2.8 2.5-4.5
Creatinine (mg/dL) 0.77 0.5-1.1
Urea (mg/dL) 35 15-50

Hormones of mineral metabolism

25-hydroxyvitamin D

(ng/mL) 34 20-100
PTH (pg/mL) 103.1 15-65
Bone turnover markers
Osteocalcin (ng/mL) * 48.2 15-46
Alkaline phosphatase(U/L) * 117 38-105
PINP (ng/mL) * 103.1 14.28-58.92
CrossLaps (ng/mL) ** 1.05 0.33-0.782

The patient had normal thyroid function and negative serum antibodies against
thyroid. DXA (Dual-Energy X-ray Absorptiometry thorough a GE Lunar Prodigy device)
confirmed osteoporosis (no prevalent vertebral fracture was detected at profile X-ray at the
level of thoracic-lumbar spine) (Table 2).
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Table 2. Central DXA (GE Lunar Prodigy) report in a menopausal female with PHP with osteoporosis
confirmation based on T-score.

Bone Mineral

Region Density (g/cm?) T-Score (SD) Z-Score (SD)
Lumbar spine L1-4 0.764 -35 —-25
Femoral neck 0.640 —2.8 -19
Total hip 0.606 -3.3 —2.6
1/3 distal radius 0.592 -32 -2.7

A value of lumbar DXA-based TBS (trabecular bone score) of 1349 (iNsight) was
considered a partially degraded microarchitecture (yet, close to the normal cut off of
at least 1350) [21]. No kidney stone was detected at abdominal ultrasound, nor any
component of multiple endocrine neoplasia syndromes. Noting the PHP-osteoporosis
(of course, with an additional early-menopause-related component) and a value of serum
total calcium above +1 mg/dL above the upper normal limit, the patient had an indication
of parathyroidectomy [22]; thus, localisation scans were performed starting with neck
ultrasound that suggested a right inferior parathyroid tumour (Figure 1).

Figure 1. Neck ultrasound showing a right thyroid lobe of 2/2/5 cm; a left thyroid lobe of 2/1/4
cm with hypoechoic, inhomogeneous pattern; and, posterior and inferior to the right thyroid lobe, a
hypoechoic nodule, inhomogeneous, with no vascularisation, of 1.56/0.6/0.7 cm, suggestive for a
parathyroid adenoma.

99m-Tc parathyroid scintigraphy was performed (a dual technique with 9mTcpertech-
netate and 99m-Tcsestamibi) and showed two areas of increased late uptake of 99m-Tc
sestamibi at the level of the inferior pole of the left thyroid lobe and of the right thyroid
lobe, respectively, suggesting two bilateral inferior parathyroid tumours (Figure 2).

These findings were confirmed at intravenous contrast CT scan (Figure 3).

Due to the imaging diagnosis of multi-glandular disease, other hormonal assays
were carried out (such as calcitonin or metanephrines/normetanephrines) but were found
negative for a diagnosis of multiple endocrine neoplasia. After performing parathyroid
scintigraphy and a CT scan, neck ultrasound was re-performed and a potential mass of
around 1 cm at the level of the left latero-cervical area was suspected as being a parathy-
roid tumour.
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Figure 2. 99m-Tc parathyroid scintigraphy with 99m-Tc pertechnetate (185 MBq) and 99m-Tc sestamibi
(740 mBgq; effective dose of 9.06 mSv); 94% subtraction captures (at 60 min show two late-uptake areas
at the level of left and right inferior thyroid lobes, suggestive for parathyroid adenomas (red arrow).

Herein, the patient was offered 5 mg of intravenous zoledronate in order to control
hypercalcaemia (with a post-injection decrease in total calcium to 10.4 mg/dL) and to
serve as an anti-osteoporotic regime (5 mg zoledronate per year) in addition to daily
cholecalciferol of 1000 UI.

The patient was further referred to a one-time parathyroidectomy of both tumours.
Firstly, the right inferior parathyroid tumour was removed, followed by an intra-operatory
PTH assay that showed a very low value. Since the high-PTH-originating source seemed
to be this adenoma, an extemporaneous exam was performed for the second mass (that
was initially suspected to be a synchronous parathyroid adenoma, as well) and revealed an
ectopic thyroid tissue. Thus, an intra-operatory decision was made for further removal with
post-operatory histological confirmation of this ectopic thyroid tissue (with dilated follicles,
and colloid content, without atypia or malignant elements). The right para-tracheal tumour
was confirmed post operation as being a parathyroid adenoma without vascular invasion
(Figure 4).
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Figure 3. CT scan showing an oval-to-round, well-circumscribed, iodophile, slightly heteroge-
neous nodule at the right para-tracheal level (in the superior mediastinum-manubrium level) of
1.12/1.33/1.40 cm (yellow arrow; transversal plan), respectively, and an oval, well-circumscribed,
iodophile nodule at latero-cervical, left para-oesophageal, clavicular level, of 0.56/1.27/1.72 cm

(orange arrow; sagittal plan).

PTH (pg/mL)

Intra-operator

Figure 4. Cont.
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(D)

Figure 4. Surgical aspects: (A) PTH assays after right inferior parathyroid tumour removal.
(B,C) Intra-operatory captures: (B) right inferior parathyroid tumour (blue arrow); right inferior
thyroid pedicle (green arrow); right recurrent laryngeal nerve (pink arrow). (C) Ectopic (upper
mediastinal) thyroid tissue that, pre-operation, mimicked an additional left parathyroid tumour
(white arrow); left recurrent laryngeal nerve (pink arrow). (D) Post-operatory specimen: macroscopic
aspect of the right inferior parathyroid adenoma.

The post-surgery outcome was uneventful; the patient experienced a normalisa-
tion of calcium and PTH levels without any influence on thyroid function. The post-
parathyroidectomy 1-month PTH was 64 pg/mL (Figure 5). The lady continued vitamin D
replacement and a periodic check-up is required including annual DXA.

Figure 5. Post-parathyroidectomy scar within the first few weeks (left); anterior neck ultrasound
showing thyroid features similar to pre-operatory findings and no remnants at the level, whereas
both masses have been removed (right).

4. Discussion

We highlight some major aspects starting from this case in point: the potential pitfalls
of pre-operatory imaging in PHP; the concordance/discordance of pre-parathyroidectomy
localisation modalities; and the need of using an additional intra-operatory procedure in
certain cases, which are clues for providing a distinction between pathological parathyroids
and thyroid tissue.
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4.1. Imaging Pitfalls in PHP

This case reveals an interesting and challenging aspect: incongruent findings between
pre-operatory imaging captures pinpointing a double parathyroid adenoma in terms of
99m-Tc pertechnetate (TcO4)-sestamibi plan scintigraphy and a CT exam, on the one hand,
and the intra/post-operatory confirmation with regard to one of these masses, one the other
hand (one of the presumably “parathyroid” tumours proved to be an ectopic thyroid tissue
with no malignancy features). An intra-operatory decision was mandatory amid lowering
PTH values after the resection of the first mass. Since Tc scintigraphy was found positive on
both sides, a potential non-functional parathyroid tumour was suspected on the left (thus
explaining the PTH normalisation), while an ectopic thyroid tissue seemed more likely
based on its macroscopic features (and this was finally confirmed). The removal of this
second mass was based on the fact that it was not a normal parathyroid, nor a thyroid gland;
hence, it represented an individual decision in this lady’s case, not a matter of guidance.
However, in addition to the results upon the first-hand histological (extemporaneous)
report, a consultation with her current endocrinologist was performed amidst surgery in
order to proceed with the second tumour removal.

Generally, a good localisation study before performing parathyroidectomy is helpful
for the surgeon and avoids unnecessary prolonged surgery time or even a redo of parathy-
roidectomy, thus allowing a minimally invasive approach (and a shorter hospitalisation
stay and increased patient” comfort) [12,13]. Also, an adequate pre-operatory localisation,
regardless of the methods, improves the PTH values within the first minutes after tumour
removal (as seen in this mentioned vignette) [23].

Generally, the use of the 99m-Tc sestamibi-based scan is traditionally a part of the
pre-parathyroidectomy preparation panel (740-924 MBq). A 99m-Tc radiotracer may be ad-
ministered via injection (intravenously) or orally and it may also be used for thyroid scintig-
raphy (sodium pertechnetate), both for adults (1-10 mCi) and children (60-80 uCi/kg).
Increased homogeneous tracer uptake is suggestive for thyroid/parathyroid tissue in dual
scintigraphy (sestamibi and pertechnetate), mostly depending on the uptake timing (early
for thyroid and late/delayed for parathyroid at the moment when thyroid images are
already washed out) [24].

However, despite performing imaging techniques, some pitfalls cannot be predicted,
especially if concordant localisation results are found with different methods (for instance,
in our case, CT combined with 99m-Tc plan scintigraphy); thus, the appeal of using an
additional technique did not seem justified [12,13].

A spectrum of bias relates to the clinical, hormonal and anatomical aspects in PHP as
well as technical issues, including their availability /access in one centre (and associated
experience of the medical team). Inter-observer differences have been reported with concern
to Te-99m-based scintigraphy, but, generally, ultrasound is regarded as the most commonly
recognised subject of pitfalls [25]. A higher rate of localisation failure was also described in
ectopic intra-thyroid parathyroid adenomas [26]. Also, a lower PTH value at baseline is
correlated with a negative finding at 9m-Tc scintigraphy; thus, in these cases a combination
of several modalities is required from the start [27]. A multi-glandular disease (generally
representing 20% of the adult cases with PHP, particularly those with a strong genetic
background) associates with a higher rate of identification failure regardless of the pre-
surgery functional imaging modalities (particularly when ectopic pathological glands are
also involved) [28]. 99m-Tc sestamibi plan scintigraphy has been used not only in PHP,
but also in secondary (chronic kidney disease-associated) hyperparathyroidism, with the
sensitivity for paediatric cases being lower than seen in the adult population (for example,
40% versus 70%) with an increased rate of reduced radiotracer uptake at the thyroid level
(42% versus 2%) [29]. The pre-surgery detection rate is generally higher in PHP than in the
secondary type [30].

Another dual-phase scintigraphy, namely dual tracer (99m-Tc and 123 Iodine), pro-
vides simultaneous images that avoid the subtraction-related artefacts and might prove
beneficial in multi-glandular parathyroid disease in addition to thyroid gland-related infor-
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mation [31,32]. The traditional issues of blocked thyroid uptake after recent iodine exposure
(as seen after using iodine contrast CT) or in individuals under chronic levothyroxine re-
placement therapy should be taken into consideration when using iodine scintigraphy [33].
Of course, there is a standard issue of availability; for instance, at the moment when we
evaluated the patient, iodine-based scintigraphy was not available.

In order to enhance the performance of 99m-Tc dual-phase plan scintigraphy, an
alternative is represented by 99m-Tc-MIBI SPECT/CT fusion imaging [34]. SPECT/CT
offers an increased sensitivity and accuracy for location diagnosis and it became a first-line
option in some centres [35] (but not in ours) or it may be applied as an elegant alternative in
difficult cases such as suspected recurrent tumours or carcinomas [36]. One limit was found
to be a reduced pathological tumour weight (false negative results) [37] and some data
showed a decreased rate of localisation in normocalcaemic PHP versus PHP, associating
a classical presentation with high levels of serum calcium that might involve a smaller
parathyroid gland. On the contrary, a hypercalcaemia-related inhibitory effect of the
radiotracer uptake has been reported, too [12,13,38]. Also, the use of calcium blockers (as in
our case according to patient’s medical records in order to control the arterial hypertension)
and calcimimetics such as cinacalcet may reduce the 99m-Tc MIBI uptake [12,13] (Figure 6).

Concomitant
thyroid
pathology

Small or cystic

Multi-glandular parathyroid tumor

disease

Lower PTH values at
Redo baseline

parathyroidectomy
Potential
Normocalcemic

pitfalls/interferences of
Elevated serum 99m-Technetium PHP

calcium scintigraphy findings

in primary
hyperparathyroidism as
pre-operatory imaging
modality

Ectopic
Use of parathyroid tumor
calcimimetics and

calcium blockers
Inter-observer

variations
Renal

hyperparathyroidism
E=tp v Timing of radiotracer

uptake (early-late uptake
A metabolic rate)

Pediatric
population

Figure 6. Sneak peak of potential pitfalls when addressing the results of 9m-Tc sestamibi scintigraphy
in PHP [1-80].

4.2. Concordance of Pre-Operatory Localisation Studies in PHP

This was a case of adult PHP, whereas triple localisation methods were used before
parathyroidectomy, showing concordant results; however, the second parathyroid adenoma
was a false positive image. In addition to 99m-Tc-based assessment, a standard CT scan
was conducted in this mentioned situation. Despite recent progress in the era of imaging
in PHP, CT remains a mostly used and feasible approach as part of a routine exam in
real-life medicine [39,40]. Dual-phase (non-enhanced and arterial) CT protocols increase
the accuracy of results, in both the adult and paediatric (but less accurate) population with
PHP [41]. Of note, CT should be avoided if possible in children, especially as non-radiating
techniques are available. Alternatively, dual-energy CT (DECT) showed similar accuracy
with conventional imaging techniques [42]. Notably, the concordance of pre-operatory
localisation diagnosis did not raise the suspicion of further using an additional imaging
technique in this instance.

Some data suggested that PTH levels that are not extremely elevated might mislead the
interpretation of 99m-Tc-based scintigraphy. For example, one study correlated the cut off
values of serum calcium and PTH with positive Tc-99m-MIBI (methoxyisobutylisonitrile)
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parathyroid scintigraphy (and positive parathyroid subtraction) in patients diagnosed with
PHP (median age of 60, between 22 and 78 years). PTH (not serum calcium) statistically
significantly correlated with 99m-Tc scintigraphy findings [43]. This implies that cases with
a PTH level around 100 pg/mL (as seen in our case) should be taken into consideration in
interpreting scintigraphy.

Recently, 11C-methionine, 11C-choline or 18F-fluorocholine PET/CT showed encour-
aging outcomes, especially in patients who underwent unsuccessful parathyroidectomy
or had negative or discordant imaging results pre-surgery, with these patients being alter-
natively candidates to SPECT/CT, as well [44—47]. Head-to-head studies (versus 99m-Tc
sestamibi SPECT/CT) showed comparable results despite using a different tracer for
parathyroid glands [48] or even an improvement in detection rate, for instance, from 88%
for 99m-Tc-sestamibi SPECT/CT to 98% according to one recent study [49] or a sensitivity
of 99% for 18F-fluorocholine PET /CT versus 75% for ultrasound versus 65% for 99m-Tc
sestamibi scintigraphy versus 89.9% for ultrasound combined with this type of scintigraphy
according to another cohort from 2022 [50].

As mentioned, a lower detection rate was described in multi-glandular disease/hyperplasia
versus single-gland involvement [48,49]. Alternatively, 18F-fluorocholine PET /ultrasound
fusion imaging might bring supplementary benefits [51]. 11C-choline PET/CT might
help in cases with negative/discordant data when using traditional methods such as CT
and/or Tc scintigraphy, with approximately 93% of such cases being true positive [52].
18F-fluorocholine PET/MRI has recently been proven to have a similar or higher accuracy
than 99m-Tc sestamibi scintigraphy, with the association of these two modalities being
currently recommended [53]. Currently, there is no such thing as a unique algorithm of
pre-operatory functional multimodal imaging and the use of PET/CT or PET/MRI in
PHP is not standardised yet, largely depending on their availably in one centre and local
protocols [54].

An alternative to the mentioned pre-operatory imaging methods was proposed to
be ultrasound-guided parathyroid fine-needle aspiration (with PTH washout), but so far,
there are not so many large studies to address this issue, which is not conventionally
approved in many centres [55]. However, one study from 2023 showed a similar positive
predictive value with 99m-Tc sestamibi scintigraphy; thus, it might become a first-line
imaging modality in a selective subgroup of subjects with PHP [56]. Also, the rate of non-
localisation in patients who consequently required a redo of parathyroidectomy is higher;
thus, parathyroid vein sampling was proposed as an intra-operatory additional method
for those subjects with a negative pre-operatory imaging diagnosis in recurrent/ persistent
PHP [57]. Of note, intra-operatory PTH monitoring or assessments (as we used in our case,
too) represent an essential clue for the parathyroidectomy success [58,59].

Another approach involves an alternative to radiologist-based—or endocrinologist-
based—pre-operatory neck ultrasound, namely a similar pre-incision ultrasound that is
carried out by the surgeon on the operating table while the patient is under general anaes-
thesia just before the actual parathyroid removal. This intra-operatory “before skin incision”
localisation procedure might enhance the results of pre-operatory echography, thus allow-
ing a minimally invasive parathyroidectomy. However, the implementation of such a
protocol largely depends on each centre standards rather than being a guideline recommen-
dation [60-63]. Overall, negative or discordant pre-operatory imaging results in PHP do
not exclude a successful parathyroidectomy in the hands of a skilled surgeon [44,45].

4.3. Ectopic Thyroid Tissue

While false negative results at 99m-Tc sestamibi scintigraphy may involve small
parathyroid tumours or parathyroid cysts, false positive results relate to abnormal tracer
uptake at the thyroid level (in our case, only at ectopic tissue, not at normal thyroid
gland). The fact that 99m-Tc MIBI is up-taken in highly metabolic lesions might imply
a different cellular turnover in ectopic, not orthotopic, thyroids, as has similarly been
reported (false positive results) in different types of head and neck cancers, even breast and

94



Medicina 2024, 60, 15

lung neoplasia [64-67]. Hence, in this case, the incidental detection of the ectopic thyroid
was globally due to the first diagnosis of PHP and associated management, while its actual
recognition started during surgery from an unexpected PTH drop after the excision of
the first tumour. We identified a similarity with another case published in 2019: this
was a 52-year-old male confirmed with PHP. Pre-operatory MIBI SPECT/CT confirmed
a late uptake on two focal areas at the level of the left thyroid lobe, but the post-surgery
histological report showed that only one was a parathyroid adenoma and the other was
a thyroid hyperplasia. Notably, pre-operatory 99m-Tc MIBI planar scintigraphy was not
relevant, only showing positive at SPECT/CT; thus, we may conclude that false positive
images due to synchronous concurrent thyroid conditions may be detected even with
regard to advanced imaging modalities [68].

On the other hand, with concern to parathyroid tumours, pre-operatory false negative
results involve between 5.7 and 25% of the patients who perform 99m-Tc sestamibi SPECT
scintigraphy, and they are related to the limits of resolution of the technique or a prolonged
time from scintigraphy to surgery [69,70]. Also, in patients with large goitres, there is a
higher rate of false negative results at ultrasound and 99m-Tc sestamibi scintigraphy [71].
As mentioned, a negative parathyroid localisation result (even caused by thyroid issues)
might be overcome by an experienced surgeon in the field of parathyroid tumours, so-called
“the sestamibi paradox” [72].

A similar case regarding both parathyroid and thyroid pathological findings was
reported in 2023 on a subject who underwent 99mTc-sestamibi scintigraphy: the lack
of orthotopic uptake at the level of the thyroid area was associated with an ectopic thy-
roid tissue that was identified at the lingual level, while, synchronously, there was an
ectopic mediastinal parathyroid tumour [73]. Another very rare scenario involves the
concomitant diagnosis of PHP and giant-goitre-associated thyrotoxicosis; in this situation,
hypercalcaemia-related hyperthyroidism may mask the biological recognition of PHP and
99m-Tc sestamibi scintigraphy might be found as false negative at baseline [74]. Also, 99m-
Tc scintigraphy has been used for thyroid hemi-agenesis, showing an increased unilateral
uptake amid this interesting developmental disease of the gland [75,76].

Finally, some potential implications may be related to using a dual tracer at 99m-Tc
scintigraphy. The 99m-Tc pertechnetate radiotracer may be up-taken by the thyroid and
other organs such as the gastric mucosa [77]. Non-iodine-based methods for the functional
and anatomic study of the thyroid gland include not only 99m-Tc sestamibi scintigraphy, but
also 18F-FDG (*8F-fluoro-2-deoxy-d-glucose) PET/CT [78]. Further on, 99m-Tc sestamibi
has been applied (via different quantitative parameters) in order to stratify the malignancy
risk of the cold nodules (that do not uptake 99m-Tc TcO4) with indeterminate results
following a thyroid-fine-needle-aspiration-associated cytological exam [79-81]. However,
in our case, the late uptake amid dual-tracer plan scintigraphy was registered only at the
level of ectopic thyroid tissue synchronously with the parathyroid adenoma, and not at
the physiological thyroid. Hybrid imaging modalities are most probably required in both
thyroid and parathyroid anomalies, but, essentially, awareness of the potential pitfalls is
mandatory from the clinical and surgical perspectives [82].

5. Conclusions

This was a case of adult PHP, whereas triple localisation methods were used be-
fore parathyroidectomy, showing concordant results. However, the second parathyroid
adenoma was a false positive image and an ectopic thyroid tissue was confirmed. The
pre-operatory index of suspicion was non-existent in this patient. Thus, we may conclude
that in a selected subgroup of individuals, hybrid imaging modalities might prove useful if
both thyroid and parathyroid conditions are present, but, essentially, awareness of such
potential pitfalls is mandatory from the endocrine and surgical perspectives. Current gaps
in imaging knowledge to guide us in these specific areas are expected to be solved by the
significant progress in functional imaging modalities. However, the act of surgery, includ-
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ing the decision of a PTH assay or extemporaneous exam (as seen in our case), represents
the major key to a successful removal procedure.
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CT computed tomography

4D four-dimensional

DXA Dual-Energy X-ray Absorptiometry
DECT dual-energy computed tomography
MIBI methoxyisobutylisonitrile

18F-FDG  18F-fluoro-2-deoxy-d-glucose
MRI magnetic resonance imaging

PHP primary hyperparathyroidism

PET positron emission tomography
PTH parathormone

SPECT single-photon-emission computed tomography
Tc Technetium
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Abstract: Background and Objectives: The pancreatic solid pseudopapillary neoplasm (SPN), a rare
tumor predominantly affecting young women, has seen an increased incidence due to improved
imaging and epidemiological knowledge. This study aimed to understand the outcomes of different
interventions, possible complications, and associated risk factors. Materials and Methods: This study
retrospectively analyzed 24 patients who underwent pancreatic surgery for SPNs between September
1998 and July 2020. Results: Surgical intervention, typically required for symptomatic cases or
pathological confirmation, yielded favorable outcomes with a 5-year survival rate of up to 97%.
Despite challenges in standardizing preoperative evaluation and follow-up protocols, aggressive
complete resection showed promising long-term survival and good oncological outcomes. Notably,
no significant differences were found between conventional and minimally invasive (MI) surgery
in perioperative outcomes. Histopathological correlations were lacking in prognosis and locations.
Among the patients, one developed diffuse liver metastases 41 months postoperatively but responded
well to chemotherapy and transcatheter arterial chemoembolization, with disease stability observed at
159 postoperative months. Another patient developed nonalcoholic steatohepatitis after surgery and
underwent liver transplantation, succumbing to poor medication adherence 115 months after surgery.
Conclusions: These findings underscore the importance of surgical intervention in managing SPNs
and suggest the MI approach as a viable option with comparable outcomes to conventional surgery.

Keywords: solid pseudopapillary neoplasm of the pancreas; surgical outcomes; pancreatic endocrine
function; pancreatic exocrine function

1. Introduction

Pancreatic solid pseudopapillary neoplasm (SPN) was first described by Frantz in
1959, based on the pathologic examination of three patients [1]. In 1970, Hamoudi and
colleagues expanded the literature by adding an additional patient and providing detailed
electron microscopic descriptions of the tumor [2]. SPNs are characterized by their gross
and histologic appearance, which includes discohesive polygonal cells surrounding delicate
blood vessels and forming a solid mass, often with cystic degeneration and intracystic
hemorrhage [3]. The neoplastic cells exhibit uniform nuclei, finely stippled chromatin, and
nuclear grooves, along with eosinophilic globules, foam cells, and cholesterol clefts [3].

SPNs have also been referred to as solid and papillary tumors, papillary cystic tumors,
solid cystic tumors, Hamoudi tumors, or Frantz tumors [4]. Despite these varying names,
SPN is the preferred terminology [3]. SPNs are rare, comprising only 1-2% of all pancreatic
tumors [4,5]. In 1996, the World Health Organization classified pancreatic SPNs as a
borderline malignancy of the exocrine pancreas [6]. The incidence of pancreatic SPNs has
increased over the past two decades due to improved imaging techniques and a better
epidemiological understanding of the disease [7]. SPNs are most commonly diagnosed
in women aged 30-40 years and have a favorable prognosis, with a 5-year survival rate
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of up to 97% [8,9]. Before the operation, imaging studies were conducted to identify the
SPN, utilizing sonography (US), computed tomography (CT), and magnetic resonance
imaging (MRI). About one-third of pancreatic SPN cases are located in the pancreatic
tail, and another third in the pancreatic head [10]. The benefits of the increasing pre-
operative pathology diagnosis of SPN using endoscopic ultrasonography (EUS) have yet to
be fully established [11].

Surgical intervention for SPNs was first mentioned by Sanfey and associates in 1983
and is often indicated based on tumor-related symptoms or for pathological diagnosis [12].
Although SPNs are usually localized, 10% to 15% of patients may develop metastases [13,14].
These metastases are often resectable, and complete removal is associated with long-term
survival [14,15]. Recent studies have compared the outcomes of conventional distal pancre-
atectomies with minimally invasive (MI) pancreatic surgeries, including laparoscopic and
robot-assisted approaches, which have become increasingly favored [16]. Post-operative
oncological outcomes are generally positive, with only 15% of SPN cases progressing to
distant metastasis, typically in the liver or peritoneum [10,14].

In our study, we detail our experience in treating pancreatic SPNs, including pre-
operative imaging results and pathology diagnoses, procedure comparisons, surgical
outcomes, and complications in patients with pathologically confirmed pancreatic SPNs.

2. Materials and Methods
2.1. Study Group

We collected the data of patients who underwent pancreatic surgery between Septem-
ber 1998 and July 2020, with a follow-up period ending in March 2023. The patients’
medical records were retrospectively reviewed to identify those who underwent either
conventional or MI surgery for pathologically confirmed SPNs in our hospital, a tertiary
referral center in Central Taiwan; procedures included pancreaticoduodenectomy (PD),
pylorus-preserving pancreaticoduodenectomy (PPPD), partial pancreatectomy (PP), central
pancreatectomy (CP), and distal pancreatectomy (DP). A total of 1010 patients underwent
pancreatic-related operations, of which 692 underwent PD, and 318 underwent either DP
or PP. In total, 25 patients were enrolled in this study according to the pathology report
confirming SPN, but 1 patient was excluded due to insufficient data (Figure 1).

2.2. Data Collection

We reviewed data, including clinical characteristics, such as sex, age, BMI, and tumor
markers; pre-operative imaging studies; and EUS reports. The results of fine needle EUS
biopsy for preoperative pathology were analyzed to compare its efficacy with that of
preoperative imaging studies.

The surgical outcomes and pathology data analyzed included tumor location and
size, status of resection margin, EBL, day of enteral feeding, day of drainage tube re-
moval, and length of hospitalization. The postoperative outcomes were also collected
and included complications, postoperative pancreatic fistula, DGE, pathology reports, and
post-pancreatectomy diabetes.

2.3. Definition of Outcomes

Tumor size was measured and recorded from pathology reports. Blood loss of <50 mL
in our hospital was recorded as minimal EBL for the statistical analysis. The amylase
concentration in the drainage fluid was exanimated in all the patients, and pancreatic
fistulas were graded as follows: biochemical leak, with no clinical impact; grade B, requiring
a change in management or adjustment of the clinical approach; and grade C, requiring
a major change in clinical management or deviation from the normal clinical approach,
according to the Pancreatic Fistula Classification in the International Study Group on
Pancreatic Fistula definition [17].
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1010 patients accepted pancreatic
operations.

692 cases underwent 318 cases received distal
Whipple's operation. pancreatectomy.

25 cases pathologically
confirmed SPNs in pancreas.
1 patient
excluded due to
insufficient data.

24 cases pathologically
confirmed pancreatic SPNs.

8 SPN underwent 16 SPN received distal
Whipple's operation. pancreatectomy.
. . 3 received .
1 received 7 received 13 received
. MI )
MI conventiona . conventiona
. . operation. .
operation. 1 operation. . 1 operation.
operation

Figure 1. Patient selection flowchart. SPN solid pseudopapillary neoplasm. MI minimal invasive.

According to the International Study Group of Pancreatic Surgery definition, we
also defined DGE according to the duration of nasogastric intubation: 4-7 postoperative
days (PODs) as Grade A (mild); 8-14 PODs as Grade B (moderate); and >14 PODs as
Grade C (severe) [18].

Post-pancreatectomy diabetes was defined according to American Diabetes Associ-
ation 2022 guidelines as a fasting plasma sugar of >126 mg/dL or an HbAlc of >6.5%
detected during the follow-up period [19].
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2.4. Statistical Analysis

IBM SPSS version 22.0 (International Business Machines Corp, New York, NY, USA)
was used for the statistical analyses. Categorical variables were expressed as percentages,
frequencies, or medians with interquartile ranges. Chi-square tests or Mann-Whitney
U tests were used to compare categorical data. The correlations between two variables
were analyzed with the Pearson correlation coefficient.

2.5. Ethics Approval and Consent to Participate

The study adhered to the principles outlined in the Declaration of Helsinki and the
International Conference on Harmonisation—Good Clinical Practice guidelines. The study
was also reviewed and approved by the Institutional Review Board I & II of Taichung
Veterans General Hospital (TCVGH-IRB No.: CE22251A) on 14/06/2022. The need for
informed consent was waived by the Institutional Review Board I & II of Taichung Veterans
General Hospital.

3. Results
3.1. A General Results

Of the 24 patients included in this study, 21 were women, and 3 were men (women-to-
men ratio of 7:1) (Table 1). The median age of patients was 34.5 (23.8-41.5) years, with a
median body mass index (BMI) of 20.8 (18.9-22.4) kg/ m?.

Most of our patients were asymptomatic (11/24 cases, 46%), while some of the pancre-
atic SPNs presented with abdominal pain (8/24 cases, 29%) or palpable abdominal masses
(4/24 cases, 17%).

Pancreatic SPNs were predominant in young women in all groups we classified, either
by location or procedure (conventional and MI surgery) (Table 1). No statistical differences
were identified in terms of age, sex, BMI, size, and tumor marker in comparisons of locations
or procedures (Table 1).

Nevertheless, a trend was identified in the procedure comparison; the MI group had
a younger age, compared with the conventional group (median, MI 23.5 [19.5-27.5] vs.
conventional 38.0 [28.0-45.8] cm; p = 0.052).

3.2. Preoperative Diagnosis

All of our patients had preoperative radiologic findings in either US, CT, or MRI. Most
showed typical features of SPN (Figures 2 and 3), such as oval, exophytic, and regular
capsulated lesions with a mixed cystic and solid component but were almost entirely solid
or cystic with thick walls [7]. Preoperative imaging studies included US (10/24 cases),
CT (23/24 cases), and MRI (14/24 cases). In total, nine cases were diagnosed as SPNs
based on preoperative imaging, four cases based on CT (17%), and five cases based on MRI
(36%) (Table 1). The CT modalities are shown in Table 2; all tumor margins were clear in
preoperative images. No hemorrhage, parenchyma atrophy, or invasion of adjacent vessels
and abdominal organs was seen. More irregular shaping was seen in SPNs of the pancreatic
head (p = 0.037). The cystic component was significantly more prominent in the SPN of the
pancreatic tail (p = 0.035). Pancreas or bile duct dilation was mostly seen in the pancreatic
head in our patient (p < 0.001).

Preoperative pathological EUS fine needle biopsies were performed in 11 patients,
with only 2 cases being preoperatively diagnosed as pancreatic SPNs (Table 1).

Of these 24 patients, 8 were diagnosed with pancreatic SPNs located at the pancreatic
head, and 16 were diagnosed with pancreatic SPNs located at the distal pancreas (tail,
9 cases, 37.5%; body and tail, 2 cases 8.3%; body, 5 cases, 20.8%). We included the body and
tail group and the tail group into the “body to tail group” for analysis between locations in
Table 1.
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Table 1. Patient characteristics and surgical outcomes between different locations (n = 24).

Total (n = 24) Head (n = 8) Body (n =5) * Body to Tail (n = 11) p-Value
Age 34.5 (23.8-41.5) 30.5 (18.0-45.8) 28 (21.5-56) 38 (28.0-40.0) 0.596
Sex 1.000
Female 21 (87.5%) 7 (87.5%) 4 (80%) 10 (91%)
Male 3 (12.5%) 1 (12.5%) 1 (20%) 1 (9%)
BMI 20.8 (18.9-22.4) 19.0 (18.3-23.4) 21.1 (18.8-21.9) 21.1 (20.4-22.9) 0.561
Size 7.6 (4.1-9.2) 6.0 (4.1-9.9) 32 (1.6-7.5) 9.0 (7.5-9.3) 0.149
CEA 15 (1.1-3.3) 16 (1.1-3.3) 15 (1.1-3.1) 15 (1.1-3.4) 0.992
CA19-9 12.8 (5.7-29.1) 10.8 (5.0-19.4) 26.8 (8.3-457.8) 128 (5.3-29.9) 0.467
Preop
diagnosis
us 10 (41.7%) 3 (37.5%) 2 (40%) 5 (46%) 1.000
CT 23 (95.8%) 8 (100%) 5 (100%) 10 (91%) 0.540
SPN in CT 4/23 (17.4%) 1/8 (12.5%) 0/5 (0%) 3/10 (30%) 0.368
MRI 14 (58.3%) 7 (87.5%) 4 (80%) 3 (27%) 0.021 %
SPN in MRI 5/14 (35.7%) 2/7 (28.6%) 2/4 (50%) 1/3 (33%) 0.790
EUS 11 (45.8%) 5 (62.5%) 4 (80%) 2 (18%) 0.047 *
SPN in EUS 2/11 (18.2%) 1/5 (20.0%) 1/4 (25%) 0 (0%) 1.000
Operations
Conventional 20 (83.3%) 7 (87.5%) 3 (60%) 10 (89%)
PD or PPPD 7 (29%) 7 (0%) 0 (0%) 0 (0%)
DP 13 (48%) 0 (0%) 3 (60%) 10 (89%)
cP 0 (0%) 0 (0%) 0 (0%) 0 (0%)
MI 4 (16.7%) 1 (12.5%) 2 (40%) 1 (11%)
PD or PPPD 1 (4%) 1 (12.5%) 0 (0%) 0 (0%)
DP 2 (8%) 0 (0%) 1 (20%) 1 (11%)
cP 1 (4%) 0 (0%) 1 (20%) 0 (0%)
Complications
EBL, mL 200 (50-665) 380 (212.5-803.8) 50 (50-125) 260 (50-738) 0.028 *
EF, days 4 (3-5) 5 (4-8) 4 (2-5) 35 (3-4) 0.017*
RD, days 11 (6-22) 18 (7-20) 13 (5-25.5) 7 (6-26) 0.980
LoH, days 10 (7-21) 21 (12-27) 8 (7-11.5) 75 (7-13) 0.010*
F/U, months 65.5 (34.5-116.5) 99 (61.5-139) 41 (9-108) 52 (26-99) 0.248
Leakage 0432
N 10 (43.5%) 4 (50.0%) 1 (20.0%) 5 (50%)
A 6 (26.1%) 3 (37.5%) 2 (40.0%) 1 (10%)
B 7 (30.4%) 1 (12.5%) 2 (40.0%) 4 (40%)
DGE, ISPGS 0.083
N 18 (81.8%) 4 (57.1%) 4 (80.0%) 10 (100%)
A 2 (9.1%) 1 (14.3%) 1 (20.0%) 0 (0%)
B 2 (9.1%) 2 (28.6%) 0 (0%) 0 (0%)

* Chi-square test or Mann-Whitney U test, median (IQR); * p < 0.05. Body to tail group included the body and
tail and the tail group. DP distal pancreatectomy, CP central pancreatectomy, PD Whipple operation, PPPD
pylorus-preserving pancreaticoduodenectomy, MI minimal invasive, BMI body mass index, CEA carcinoem-
bryonic antigen, CA19-9 carbohydrate antigen 19-9, US ultrasonography, CT computed tomography, SPN solid
pseudopapillary neoplasm, MRI magnetic resonance imaging, EUS endoscopic ultrasonography, EBL estimated
blood loss, RD remove drainage, LoH length of hospitalization, SPN solid pseudopapillary neoplasm, ISGPF
International Study Group on Pancreatic Fistula, DGE delayed gastric emptying, ISGPS International Study Group
of Pancreatic Surgery.
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Figure 2. (A) Preoperative CT image of SPN in pancreatic head (axial plane, venous phase).
(B) Preoperative MRI image of SPN in pancreatic tail (coronal plane, T2 weighted). (C) Intraop-

erative photography of SPN in pancreatic head. (D) Cross section of intraoperative specimen in
pancreatic head, showing a tumor composed of mixed cystic and solid components with hemor-

rhagic areas. White arrow demarcates region of pancreatic tail mass. PD pancreaticoduodenectomy,
GB gallbladder, CBD common bile duct.

3.3. Postoperative Outcomes and Complications

Among the patients with distal pancreatic SPNs, 13 underwent DP with splenectomy,
1 underwent DP without splenectomy, 1 underwent single port laparoscopic DP with
splenectomy, 1 underwent robotic (Xi)-assisted CP and gastropancreaticostomy without
splenectomy, and 1 underwent laparoscopic DP with splenectomy (Table 3). The median
tumor size in the pathologic report was 7.6 (4.1-9.2) cm. Furthermore, a trend was iden-
tified that patients in the MI group had smaller tumor sizes (median, MI 3.1 [1.7-7.6] vs.
conventional 7.8 [5.0-9.4] cm; p = 0.052).

No margin involvement was present in the pathologic reports of the enrolled patients.
The immunohistochemistry (IHC) stains were mostly detected in CD10 (14 cases, 100%
in CD10 stain cases), CD56 (7 cases, 100% in CD56 stain cases), and B-catenin (12 cases,
100% in B-catenin stain cases) (Table 4). Little positive immunolabeling was found in
synaptophysin, chromogranin, vimentin, NSE, alpha-1-antichymotrypsin, and CyclinD1
but no strong correlation was detected. No histopathological correlation was found in
prognoses or locations (Table 4).
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Figure 3. (A) Preoperative CT image of SPN in pancreatic tail (axial plane, venous phase).
(B) Preoperative MRI image of SPN in pancreatic tail (axial plane, T2 weighted). (C) Intraopera-
tive specimen of DP with splenectomy from SPN in pancreatic tail, ventral view. (D) Intraoperative
specimen of DP with splenectomy from SPN in pancreatic tail, dorsal view. White arrow demarcates
region of pancreatic tail mass.

Table 2. Computed tomography characteristics in our patients.

Total (n = 24) Head (n=8) Body (n = 5) *Body to Tail (n =11) p-Value
Shape 0.037 *
Oval 20 (87.0%) 5 (62.5%) 5 (100.0%) 10 (100.0%)
Irregular 3 (13.0%) 3 (37.5%) 0 (0.0%) 0 (0.0%)
Rahoc(()’i;fglég:not—scyshc 0.035 *
Solid 9 (39.1%) 4 (50.0%) 3 (60.0%) 2 (20.0%)
Half 6 (26.1%) 4 (50.0%) 0 (0.0%) 2 (20.0%)
Cystic 8 (34.8%) 0 (0.0%) 2 (40.0%) 6 (60.0%)
Capsule complete 0.308
N 2 (8.7%) 1 (12.5%) 1 (20.0%) 0 (0.0%)
Y 21 (91.3%) 7 (87.5%) 4 (80.0%) 10 (100.0%)
Margin clear -
N 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Y 23 (100.0%) 8 (100.0%) 5 (100.0%) 10 (100.0%)
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Table 2. Cont.

Total (n = 24) Head (n=8) Body (n =5) * Body to Tail (n = 11) p-Value
Growth pattern 0.082
Exophytic 20 (87.0%) 7 (87.5%) 3 (60.0%) 10 (100.0%)
Intra 3 (13.0%) 1 (12.5%) 2 (40.0%) 0 (0.0%)
Margin calcification 0.663
n 14 (60.9%) 6 (75.0%) 3 (60.0%) 5 (50.0%)
y 9 (39.1%) 2 (25.0%) 2 (40.0%) 5 (50.0%)
Hemorrhage -
n 23 (100.0%) 8 (100.0%) 5 (100.0%) 10 (100.0%)
y 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Compression of the main 0565
pancreatic duct and bile duct
n 22 (95.7%) 7 (87.5%) 5 (100.0%) 10 (100.0%)
y 1 (4.3%) 1 (12.5%) 0 (0.0%) 0 (0.0%)
Upstream pancreatic _
parenchymal atrophy
n 23 (100.0%) 8 (100.0%) 5 (100.0%) 10 (100.0%)
y 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Invasion of adjacent vessels -
and abdominal organs
n 23 (100.0%) 8 (100.0%) 5 (100.0%) 10 (100.0%)
y 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Pancreas or bile duct dilation <0.001 **
n 15 (65.2%) 1 (12.5%) 4 (80.0%) 10 (100.0%)
Dilate 8 (34.8%) 7 (87.5%) 1 (20.0%) 0 (0.0%)
Fisher’s exact test. * p < 0.05, ** p < 0.01. There was one patient without any pre-operative image study. Body to
tail group included the body and tail and the tail group intra intrapancreatic.
Table 3. Procedure list.
Procedure Number
Conventional PD 3
PPPD 4
DP (body) with splenectomy 10
DP (body) with splenectomy and stomach wedge resection 1
DP (body) with spleen preservation 1
DP (tail) with splenectomy and radical nephrectomy 1
Minimally invasive Robotic (Si) assisted PPPD 1
Robotic (Xi) assisted CP and gastropancreaticostomy with spleen preservation 1
Single port laparoscopic DP (tail) with spleen preservation 1
Laparoscopic DP (Tail) 1

Si Da Vinci Si surgical system, Xi Da Vinci Xi surgical system, PD pancreaticoduodenectomy, PPPD Pylorus
preserving pancreaticoduodenectomy, DP distal pancreatectomy, CP central pancreatectomy.

Three complications were registered in the records: bile leakage and hepato-jejunostomy
stricture requiring endoscopic balloon dilation after PPPD, postoperative pseudocyst after
PPPD requiring no surgical intervention, and postoperative pancreatic tail hematoma after
DP (body) with splenectomy, which subsided under conservative treatment. The cases
included in this study were followed up till March 2023, with a median follow-up of 65.5
(34.5-116.5) months. The longest follow-up observed was 229 months after DP, and the
patient had disease stability at the last visit. Further, 16 patients were lost during follow-up,
and 6 patients had stable disease statuses at the end of our study.
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Table 4. Histopathological profiles of SPNs in our patients.

Total (n = 24) Head (n =8) Body (n =5) * Body to Tail (n = 11) p-Value
B-catenin 1.000
NT 12 (50.0%) 4 (50.0%) 3 (60.0%) 5 (45.5%)
P 12 (50.0%) 4 (50.0%) 2 (40.0%) 6 (54.5%)
N 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
CD10 1.000
NT 8 (33.3%) 3 (37.5%) 1 (20.0%) 4 (36.4%)
P 16 (66.7%) 5 (62.5%) 4 (80.0%) 7 (63.6%)
N 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
CD56 1.000
NT 2 (8.7%) 1 (12.5%) 1 (20.0%) 0 (0.0%)
P 21 (91.3%) 7 (87.5%) 4 (80.0%) 10 (100.0%)
N 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Chromatin 0.310
NT 10 (41.7%) 4 (50.0%) 0 (0.0%) 6 (54.5%)
P 6 (25.0%) 2 (25.0%) 2 (40.0%) 2 (18.2%)
N 8 (33.3%) 2 (25.0%) 3 (60.0%) 3 (27.3%)
Synaptophysin 0.153
NT 20 (83.3%) 7 (87.5%) 3 (60.0%) 10 (90.9%)
P 3 (12.5%) 0 (0.0%) 2 (40.0%) 1 (9.1%)
N (4.2%) 1 (12.5%) 0 (0.0%) 0 (0.0%)
Cyclin D1 0.803
NT 20 (83.3%) 6 (75.0%) 4 (80.0%) 10 (90.9%)
P 3 (12.5%) 1 (12.5%) 1 (20.0%) 1 (9.1%)
N (4.2%) 1 (12.5%) 0 (0.0%) 0 (0.0%)
Vimentin 1.000
NT 16 (66.7%) 6 (75.0%) 3 (60.0%) 7 (63.6%)
P 8 (33.3%) 2 (25.0%) 2 (40.0%) 4 (36.4%)
0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
PR 0.501
NT 16 (66.7%) 4 (50.0%) 4 (80.0%) 8 (72.7%)
P 6 (25.0%) 2 (25.0%) 1 (20.0%) 3 (27.3%)
2 (8.3%) 2 (25.0%) 0 (0.0%) 0 (0.0%)

Fisher’s exact test. * p < 0.05. Body to tail group included the body and tail and the tail group. NT not tested,
P positive, N negative, SPN, solid pseudopapillary neoplasm.

A 38-year-old woman developed liver metastasis 41 months after undergoing PD,
receiving chemotherapy once, and refusing subsequent doses due to severe side effects;
she initiated palliative transcatheter arterial chemoembolization (TACE). Spleen metas-
tasis and carcinomatosis were successively found, and she was lost during follow-up
10 years postoperatively.

A 9-year-old girl suffered from jaundice after PD, and nonalcoholic steatohepatitis
(NASH) was diagnosed through liver biopsy 18 months after PD. She received living-
related liver transplantation 70 months after the operation and passed away 115 months
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after PD due to graft failure related to psychological conditions and poor immunosup-
pressant adherence.

A 28-year-old woman, with a 7.6 cm tumor over the pancreatic tail, developed post pan-
createctomy diabetes (1/27, 4.2%) in the follow-up period, after DP (body) with splenectomy.

During the follow-up period, two patient deaths occurred; one died after liver trans-
plantation, as mentioned above, and the other died of colon cancer with liver and lung
metastasis 12 months after receiving DP with splenectomy.

Statistically significant differences were identified between locations in terms of esti-
mated blood loss (EBL), day of enteral feeding, and length of hospitalization in our study.
No statistically significant differences were found between conventional and MI groups
in terms of EBL, day of enteral feeding, day of drainage tube removal, length of hospi-
talization, follow-up period, post-operative pancreatic fistula grade, and delayed gastric
emptying (DGE) grade in our study.

4. Discussion

In our single-center experience of pancreatic SPNs, only 12.5% of the patients were
men in our population, which is consistent with another report, revealing that 10% of these
tumors are diagnosed in men [5]. The median age of our patients was 38.0 (28.045.8) years
in the conventional group and 23.5 (19.5-27.5) years in the MI group, without significant
differences, as others have reported typically in the 2-3 decades of life [20]. The younger
age in the MI group may be attributed to the progression of the health check concept in the
modern world, the higher cosmetic demand in young populations, and better accessibility
to image examinations.

Patients in our study underwent conventional surgery or MI surgery for SPNs, show-
ing no statistically significant differences in terms of sex, age, BMI, and perioperative
outcomes, which are similar to the findings of previous reports on pancreatic SPN man-
agement [21,22]. Most symptoms of our patients were nonspecific, and diagnosis was
incidentally encountered through imaging examinations. Other symptoms included ab-
dominal pain (eight cases, 29%), palpable mass lesions (four cases, 17%), and tarry stool
(one case, 4.2%), which aligns with previous research [5,10,20,21]. Tumor markers, such
as carbohydrate antigen (CA) 19-9 and carcinoembryonic antigen, were almost within the
normal range, as previous studies have reported [4,10,13,21].

CT is the most commonly used preoperative imaging study and plays a significant
role in the diagnosis of cystic lesions of the pancreas due to its cost-effectiveness in detect-
ing and characterizing pancreatic SPNs, while MRI may allow for better identification of
several tissue characteristics, such as hemorrhage, cystic degeneration, or the presence of
a capsule [10,20,23,24]. If MRI reveals a well-marginated, encapsulated, solid, and cystic
mass, with areas of hemorrhagic degeneration, a diagnosis of pancreatic SPN should be
considered [23]. The role of EUS fine needle biopsy in pancreatic SPNs is not entirely estab-
lished due to a lack of precise preoperative pathological diagnoses (diagnosis ratio: 2/11,
18.18% in our study). Furthermore, EUS fine needle biopsy can also lead to complications,
such as rupture and peritoneal seeding, according to a previous study [11]. According
to our experience, EUS fine needle biopsy was applied more frequently to exclude other
malignant pancreatic lesions than to confirm pancreatic SPN diagnosis. Research has also
been conducted on the non-invasive detection of pancreatic cancer utilizing fecal micro-
biota signatures in conjunction with serum levels of CA19-9 [25,26]. This method could
potentially improve our preoperative differentiation between SPNs and pancreatic cancer.

The most common location of SPNs in our study was the pancreatic tail (nine cases,
37.5%), with other locations including the pancreatic head (eight cases, 33.3%), body
(five cases, 21%), and body and tail (two cases, 8.3%), which is similar to those reported by
Kang and Uguz [14,27]. In image modalities, we found more irregular shapes seen in the
pancreatic head (p = 0.037) and more cystic components in the pancreatic tail (p = 0.035),
which were not well established in previous research. We may find better correlations in
image modalities based on locations for better preoperative diagnoses with greater data
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collection. Pancreas or bile duct dilation was mostly seen in SPNs of the pancreatic head
(p < 0.001), which may be related to the pancreas anatomy:.

We also found an increasing incidence of SPN in the past 10 years in our patient group
(10 patients before 2010 and 14 patients after 2010), which may be due to an increase in
the health check-up concept, imaging studies, EUS fine needle aspiration, and pathology
findings, as reported by Law et al. [9].

The statistical significance in postoperative outcome comparisons between locations
may result from the different complexities of anatomy between PD (including PD and
PPPD) and DP (including CP and partial pancreatectomy).

The smaller size of the MI surgery group (median, 3.1 [1.7-7.6] vs. 7.8 [5.0-9.4] cm)
may be due to the advances in imaging modalities that lead to higher accuracy in the
diagnosis of pancreatic SPN, as reported by Machado et al., who showed that pancreatic
SPNs detected after 2000 were smaller than those diagnosed before [28]. However, the
smaller tumor size in the MI group may have been a factor in deciding which surgical
approach to follow, as previous studies have reported [16,29].

Our data also revealed a trend of an increased ratio of MI surgery (0 MI procedures
in 10 cases before 2010; 4 MI surgeries out of 14 [29%] after 2010), which may be due to
the progress of MI surgery skills, MI instruments, and the robotic system, as published
by Cawich et al. [30]. However, the SPN locations ratio was similar before and after 2010
(head/body/tail; before 3/3/4, after 5/4/5).

No residual tumor was found after the operation, and all pathological reports indicated
margin-free statuses in all cases in our study. This result suggests that MI and conventional
operations deliver comparable long-term oncological results, as reported by Tan et al. [29].
Although some of the literature has discussed circumferential resection margins (CRM)
in pathology reports of pancreatic cancer, there was no consensus on CRM for SPNs in
our hospital. Patient enrollment commenced in 1998, and the perspective on CRM was
introduced in 2006. Moreover, CRM was not addressed in earlier studies of SPNs due to
the generally positive oncological outcomes associated with this condition [31,32].

The most commonly detected immunohistochemistry (IHC) stains in our study in-
cluded CD10 (14 cases, 100% in CD10 stain cases), CD56 (7 cases, 100% in CD56 stain cases),
and B-catenin (12 cases, 100% in B-catenin stain cases). As reported by Watanabe et al.,
vimentin, CD10, and CD56, are characteristically positive, and B-catenin was involved in
the pathogenesis of SPN [6]. However, the histopathological features demonstrated no
correlations in locations and prognoses in our study, like other reports [33].

In one case (4.2%), liver metastasis was found 41 months postoperatively, which
matched the 2-10% postoperative recurrence after SPN radical resection reported previ-
ously [34]. Previous research has also indicated that the liver was the most common site
of distant metastasis [21,35]. Despite the chemotherapy and transarterial chemoemboliza-
tion (TACE) treatments that the patient received after liver metastasis, carcinomatosis still
developed during the follow-up period, consistent with many reports showing a limited
response to different regimens of chemotherapy [4,13,21]. Nevertheless, long-term survival
was still observed; the patient survived for 159 months after surgery. This highlights the
good oncological prognosis of SPN after surgery, which has been reported to range from 7
to 10 years after undergoing complete resection, even in patients with residual and dissem-
inated diseases [10,13,21]. Sumida et al. reported that living donor liver transplantation
for SPN with multiple liver metastatic lesions after complete resection was a possible
therapeutic procedure with a >2 years of disease-free survival [35].

A 9-year-old female patient in our study suffered from jaundice after PD, and NASH
was diagnosed through liver biopsy 18 months after PD. Though pediatric pancreatic
tumors and PD in pediatric patients are rare, Sawai et al. reported a 10-year-old girl
suffering from nonalcoholic fatty liver disease (NAFLD) developed after PD for SPN [36].
No previous reports describe NAFLD in children after PD due to its rarity. The mechanism
of NAFLD or NASH remains uncertain, with a few reports hypothesizing that decreased
exocrine function, deficiency in zinc, or bacterial translocation due to intestinal mucosal
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atrophy after PD play a role [36]. McGhee-Jez et al. reported an increased risk of post-
PD NAFLD in women and adult patients with pancreatic cancer, shorter postoperative
hospital stays, or higher preoperative BMIs [37]. Though the role of post-PD pancreatic
enzyme supplementation is under debate, closely following patient status and pancreatic
enzyme supplementation are suggested in pediatric patients after PD according to our
experience [36,37]. We should also place more emphasis on psychological care in young
patients who undergo pancreatic surgery.

Our data included a case of post-pancreatectomy diabetes in a patient who was at
risk due to an extremely high BMI (43.75), as reported by Kwon JH. [38]. In our study, en-
docrine function was well preserved, even under aggressive resection (post-pancreatectomy
diabetes, 4.2%), similar to other reports [39,40]. Some research reports 10-20% exocrine in-
sufficiency after pancreatectomy, with steatorrhea or weight loss resolving after pancreatic
enzyme supplementation [39,40].

According to the parenchyma preserving concept, we performed robotic (Xi)-assisted
CP and gastropancreaticostomy with spleen preservation in a 26-year-old woman with a
3.2 cm tumor over the pancreatic body; no specific postoperative complications developed.
No recurrence nor distant metastasis were found during the 17-month follow-up period.
In our study, we observed no steatorrhea nor weight loss after pancreatectomy during the
follow-up period. Despite some reports suggesting a parenchyma-preserving approach
for SPN, due to its low malignant risk and possible decline in pancreatic endocrine and
exocrine functions, oncologic outcomes were unclear due to the incremental risk of margin
involvement. In our experience, parenchyma-preserving operations may be safe and
feasible for treating pancreatic SPNs, but further research is required to clarify the benefits
and drawbacks of parenchyma-preserving operations [21,27,39,40].

Our study has several limitations. Firstly, a notable challenge lies in the scarcity
of high-quality, prospective, randomized controlled studies investigating the role of MI
surgery in pancreatic SPN, largely due to its rare epidemiology. To address this gap, further
studies are warranted, such as multi-center surveys or studies involving larger patient
cohorts. These studies should aim to compare the efficacy of various surgical approaches
through block or stratified randomization, thereby facilitating the acquisition of high-level
evidence regarding the optimal management strategies for SPN.

Secondly, it is notable that our hospital lacks standardized preoperative evaluation
protocols, encompassing diabetes profiles, imaging studies, and EUS reports. Particularly
significant is the absence of a standardized immunohistochemistry stain in our hospital,
considering the pathological variations identified in the research on SPN over the extended
study period. Furthermore, our hospital lacks a standardized follow-up protocol for
postoperative outcomes, including imaging, follow-up schedules, and diabetes profiles.

Thirdly, the extensive study period spanning more than 20 years poses challenges in
evaluating not only the surgical techniques but also preoperative radiological diagnostics.
This is particularly attributable to the advancements in MI techniques, MI equipment, and
radiological facilities observed over this prolonged duration.

5. Conclusions

In conclusion, aggressive complete resection of pancreatic SPNs can be suggested
based on our experience and according to the promising long-term survival achieved.
Furthermore, this operation leads to no more complications than conventional surgery in
treating SPNs of the pancreatic head and distal locations with good oncological outcomes.
No histopathological correlations were found in prognoses and locations.
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