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Abstract

BACKGROUND
Parathyroid adenoma (PA) sometimes recurs after surgery, how to improve the
surgical success rate of PA is the key to the treatment of this disease.

AIM

To investigate the clinical features, diagnosis, and surgical treatment of patients
with PA.

METHODS

Patients who were pathologically confirmed with PA and had undergone surgery
for the first time between January 2010 and December 2017 at the Beijing Shijitan
Hospital affiliated to Capital Medical University were included in the study. The
clinical features, localization diagnosis, and surgical treatment of these patients
were analyzed.

RESULTS

Of the 140 patients, 32 were male and 108 were female; 132 cases had one
adenoma, and 8 had two adenomas. In addition, 114 cases had clinical symptoms,
among which 51, 28, 23, 8, and 4 had urinary system, skeletal system, digestive
system, neuromuscular system, and neuropsychiatric symptoms, respectively,
while 26 cases had no obvious symptoms. The median level of preoperative
parathyroid hormone (PTH) was 201.0 pg/mL. The positive detection rate of
technetium-99m sestamibi (Tc-99m MIBI) single-photon emission computed
tomography/computed tomography (SPECT/CT), ultrasound examination, and
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the combined use of Tc-99m MIBI SPECT/CT and ultrasound examination was 92.9%, 85.5%, and
96.4%, respectively. Open surgery was performed in all patients, and PTH was monitored during
surgery. The success rate of surgery was 98.6%. After surgery, 21 cases developed hypocalcemia, 1
case developed temporary hoarseness, and 19 cases had transient hypoparathyroidism but there
was no permanent hypoparathyroidism, postoperative hemorrhage, or hematoma in the surgical
area.

CONCLUSION

For patients with clinically unexplained skeletal system, urinary system, and neuropsychiatric
symptoms, the possibility of PA should be considered. Imaging examinations such as ultrasound
and Tc-99m MIBI SPECT/CT could be integrated before surgery to obtain accurate localization
diagnosis. Precise preoperative localization, intraoperative PTH monitoring, and delicate surgery
to protect the integrity of the PA capsule ensure a minimally invasive and successful surgery.

Key Words: Primary hyperparathyroidism; Parathyroid adenoma; Technetium-99m sestamibi; SPECT/CT;
Surgical treatment; Localization diagnosis; Intraoperative parathyroid hormone monitoring

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we retrospectively analyzed the clinical data of 140 patients with parathyroid
adenoma (PA). We found that, for patients with clinically unexplained skeletal system, urinary system,
and neuropsychiatric symptoms, the possibility of PA should be considered. Imaging examinations such as
ultrasound, technetium-99m sestamibi single-photon emission computed tomography/computed
tomography could be integrated before surgery to obtain accurate localization diagnosis. Precise
preoperative localization, intraoperative parathyroid hormone monitoring, and delicate surgery to protect
the integrity of the PA capsule ensure a minimally invasive and successful surgery.
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INTRODUCTION

In recent years, the incidence of primary hyperparathyroidism has gradually increased. In some
European countries and the Americas, primary hyperparathyroidism has become the third most
common endocrine disease[1]. Due to the widespread application of various examination methods,
especially neck ultrasound, the detection rate of parathyroid adenoma (PA) has gradually increased[2-
4]. PA secretes parathyroid hormone (PTH) autonomously and is one of the most common causes of
primary hyperparathyroidism, accounting for > 85% of the condition. PA can lead to elevated blood
calcium in the body, resulting in hypercalcemia and even hypercalcemia crisis, in turn giving rise to
symptoms, such as bone pain, fatigue, osteoporosis, muscle pain, nausea, and vomiting. Also, sym-
ptoms of mental changes in patients, such as depression, lethargy, or confusion, are observed that
seriously affect the quality of life of patients[5]. The most critical point in the diagnostic process of PA is
the biochemical findings of elevated PTH accompanied by elevated blood calcium. Current imaging
methods for PA include ultrasound and technetium-99m sestamibi (Tc-99m MIBI) single-photon
emission computed tomography/computed tomography (SPECT/CT) as well as CT scanning with
contrast and magnetic resonance imaging (MRI) with contrast, and studies have reported that Tc-99m
MIBI SPECT/CT has the highest positive predictive value of the available imaging techniques, and
some prefer this as the localizing procedure of choice for initial surgery[6-9]. Surgical treatment is the
only effective way to cure PA[10]. The goal of surgeons performing PA surgery is to improve the
success rate of surgery and prevent recurrence of the disease. However, due to the presence of multiple
adenomas or ectopic adenomas in PAs, it can lead to failure in the search for lesions or leftover lesions
during surgery or inadequate anatomy during surgery, leading to rupture of the adenoma capsule and
several other factors that often lead to failure of surgery. According to literature reports, the failure rate
of PA surgery is approximately 5%-15%[11,12]. How to improve the surgical success rate of PA is the
key to the treatment of this disease. Thus, we retrospectively investigated the clinical records of 140
patients with PA and analyzed their clinical characteristics, pathological features, and surgery
information. The surgical success rate for PA cases in our study was high, 98.6%, which is a satisfactory
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result. Therefore, we are incredibly happy to share our work.

MATERIALS AND METHODS

Patients

Patients who were pathologically confirmed to have PAs and underwent surgery for the first time
between January 2010 and December 2017 in the Beijing Shijitan Hospital affiliated to Capital Medical
University were included in this study. The follow-up period was 3 years in all patients, and those who
were lost to follow-up were excluded. This study was approved by the Institutional Review Board and
Ethics Committee of Beijing Shijitan Hospital, Capital Medical University. According to the Ethics
Committee policy, this is an anonymous, retrospective study exempt from obtaining informed consent
from the patients.

Statistical methods

SPSS 19.0 (IBM, Chicago, IL, United States) software was utilized. All continuous data were tested for
normal distribution, and the continuous data conforming to normal distribution were expressed as
mean + SD, while the median (interquartile range) was used for continuous data that did not conform to
the normal distribution, and the frequency (percentage) was used for enumeration data. Student’s -test
was used to assess the two-sample data that conformed to the normal distribution. ¥ test was used to
compare the rates of the two groups, and P < 0.05 indicated a statistically significant difference.

RESULTS

General data
A total of 140 patients were included, 32 were males with a mean age of 57.1 + 17.1 years. The mean age
of 108 females was 57.5 + 14.2 years. The male:female ratio was 1.0:3.4.

Clinical symptoms
The majority of patients (114/140) were symptomatic. The proportion of patients with urinary, skeletal,
digestive, neuromuscular, and neuropsychiatric symptoms was 36.4%, 20%, 16.4%, 5.7%, and 2.9%,
respectively. A total of 26 patients had no obvious symptoms, but they were admitted to the hospital
due to high blood calcium or occupation in parathyroid glands observed during ultrasound exa-
mination (Table 1).

Laboratory test results

All 140 patients underwent laboratory tests to measure blood calcium, blood phosphorus, PTH, alkaline
phosphatase (ALP), creatinine (Cr), uric acid (UA), 24 h urinary calcium (24 h-UCa), and 24 h urinary
phosphorus (24 h-UP) before surgery. The average values are shown in Table 2.

Results of imaging examination (localization diagnosis)

Of the 140 patients with PAs, 132 had one adenoma and 8 had two adenomas. The total number of
lesions was 148. The positive detection status of different imaging examinations was as follows: All 140
cases underwent ultrasound examination, in which the intraoperative lesion locations were consistent
with the pre-localization in 120 cases. Accurate localization of the lesion site before surgery failed in 20
cases, and the positive detection rate was 85.5% (120/140). Fifty-four cases (54/140) underwent a CT
scan with contrast examination, in which the preoperative localization was consistent with that of
intraoperative localization in 41 cases; accurate localization of the lesion before surgery failed in 13
cases, and the positive detection rate was 75.9% (41/54). Thirty cases (30/140) underwent a MRI scan
with contrast examination, in which 23 cases had the same preoperative localization as during surgery,
and accurate localization of the lesion before surgery failed in 7 cases; the positive detection rate was
76.7% (23/30). All 140 cases underwent Tc-99m MIBI SPECT/CT examination, in which 130 cases had
the same preoperative localization as during surgery, and accurate localization of the lesion before
surgery failed in 10 cases; the positive detection rate was 92.9% (130/140). The combination of
ultrasound and Tc-99m MIBI SPECT/CT examination showed that the preoperative localization of 135
patients was consistent with the intraoperative localization, while the lesion was not accurately
positioned before surgery in 5 cases; the positive detection rate was 96.4% (Table 3).

Treatment of hypercalcemia before surgery

Of 140 patients, 122 (87.1%) had mildly elevated blood calcium without special treatment; 14 (10.0%)
had obviously elevated blood calcium but did not have a hypercalcemia crisis (blood calcium < 3.4
mmol/L), all these patients were treated with rehydration therapy (oral or intravenous injection of
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Table 1 Distribution of clinical symptoms in 140 patients with parathyroid adenoma

Clinical symptoms

Number of patients, n (%)

Urinary system symptoms 51 (36.4)
Skeletal system symptoms 28 (20.0)
Digestive system symptoms 23 (16.4)
Neuromuscular system symptoms 8 (5.7)
Psychiatric symptoms 4(29)
Asymptomatic 26 (18.6)

Table 2 Preoperative laboratory tests of 140 patients with parathyroid adenoma

Laboratory test Mean/median Reference range
Blood calcium 2.84 + 0.34 mmol/L 2.2-2.7 mmol/L
Blood phosphorus 0.84 +0.29 mmol/L 0.85-1.51 mmol/L
PTH 201.0 pg/mL (99.8 pg/mL) 12-88 pg/mL

ALP 97 U/L (20.1 U/L) 45-125 U/L

BUN 5.20 +1.74 mmol/L 2.86-7.14 mmol/L
Cr 64.81 +30.55 pmol /L 57-97 pmol /L

UA 345.95 + 94.73 pmol /L 208-428 pmol /L

24 h-UCa 8.99 +3.49 mmol/24 h 0-7.5 mmol/24 h

24 h-UP 15.70 +7.46 mmol/24 h 12.9-42.0 mmol/24 h

PTH: Parathyroid hormone; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen; Cr: Creatinine; UA: Uric acid; 24 h-UCa: 24 hour urinary calcium; 24 h-
UP: 24 hour urinary phosphorus.

Table 3 Positive detection rate of imaging examinations in 140 patients with parathyroid adenoma

Imaging methods Number of inspected cases Exact number of patients Positive detection rate
Ultrasound 140 120 85.7%
Tc-99m MIBI SPECT/CT 140 130 92.9%
CT scan with contrast 54 41 75.9%
MRI with contrast 30 23 76.7%
Ultrasound + Tc-99m MIBI SPECT/CT 140 135 96.4%

Tc-99m MIBI: Technetium-99 m sestamibi; SPECT/CT: Single-photon emission computed tomography/computed tomography; MRI: Magnetic resonance

imaging.

wJCC |
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normal saline) and diuretics; and 4 (2.9%) had hypercalcemia crisis (blood calcium > 3.4 mmo/L), in
addition to rehydration therapy and diuresis, they were also treated with pamidronate and calcitonin to
lower blood calcium.

Surgical procedures

All patients underwent open surgery under general anesthesia. A collar incision was made along the
neck dermatoglyphic. The skin and subcutaneous tissue were cut, the skin flap was separated under the
platysma muscle, the band muscle was separated along the white line of the neck, the thyroid gland was
exposed, and the thyroid lobe was drawn to the trachea. According to the preoperative localization
diagnosis, the neck was explored to detect the PA, the recurrent laryngeal nerve was exposed and
protected, the integrity of the PA capsule was maintained, and then the PA was removed (Figure 1).
PTH was monitored during surgery. The PTH level of the peripheral vein before surgery was used as
the baseline. The PTH level of the peripheral vein was detected again at 5 min, 10 min, and 15 min after
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Figure 1 Parathyroid adenoma on the dorsal of the superior pole of the left lobe of the thyroid gland. A: Ultrasonography shows a hypoechoic
nodule on the back of the left lobe of the thyroid gland; B: The nodule was positive on technetium-99 m sestamibi single-photon emission computed
tomography/computed tomography; C-F: Magnetic resonance imaging with contrast shows the nodule and is distinct in the coronal (C), axial (D and E), and sagittal
positions (F), respectively; G: The correlation between parathyroid adenoma (PA) and the left thyroid lobe is shown, and the PA capsule should be carefully protected
during surgery; H: The size of the PA was measured; I: The pathological result confirmed that the nodule was a PA.
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the adenoma was removed. If the PTH level after resection of the specimen was at least 50% lower than
that before resection of the specimen, surgery was deemed successful. If there was no significant change
in the PTH level after removal of the specimen, this indicated the presence of residual lesion or multiple
lesions, thereby necessitating further exploration of other parts of the neck: the superior sternal fossa,
upper mediastinum, carotid sheath, and intra-thyroid gland. All 140 patients underwent intraoperative
frozen pathological examination and postoperative routine pathological examination, and the
consistency between the two examinations was 100%. Among these patients with PAs, 19 underwent
bilateral parathyroid exploration (including 6 cases of non-ipsilateral double adenomas) and 121 cases
underwent unilateral parathyroid exploration (including 2 cases of ipsilateral double adenomas)
(Table 4). Among 140 patients with PAs, 5 cases had PA combined with papillary thyroid carcinoma; 3
underwent PA resection + total thyroidectomy + central lymph node dissection and 2 cases underwent
PA resection + unilateral thyroid gland and isthmus resection + unilateral level VI (central neck) lymph
node dissection.

Lesion position

Among the 140 cases of PA in this study, 132 cases had one adenoma, including 19 cases of upper left
PA, 51 cases of lower left PA, 13 cases of upper right PA, and 45 cases of lower right PA. In addition,
there were 4 cases of ectopic PA, of which 3 had an ectopic PA in the upper mediastinum and 1 had an
ectopic PA in the thyroid. Moreover, there were 8 cases of double adenomas, including 6 cases of upper
left PA combined with upper right PA, 1 case of upper left PA combined with lower left PA, and 1 case
of upper right PA combined with lower right PA. The correlations between the findings of the different
diagnostic tools and the lesion position are shown in Table 5. Among the four cases of ectopic PA, one
case was successfully localized preoperatively by ultrasound, four cases by Tc-99m MIBI SPECT/CT,
and two cases each by CT scan with contrast and MRI with contrast.

Postoperative complications and treatment

A total of 21 patients had symptoms of hypocalcemia with numbness of the hands and feet after
surgery; the occurrence rate was 15.0%. The calcium supplement program was as follows: If there were
mild symptoms of hypocalcemia after surgery, close observation was conducted; if the symptoms were
not relieved, oral calcium and vitamin D3 were administered; when the patient had severe symptoms
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Table 4 Distribution of surgical methods in the 140 patients with parathyroid adenoma

Surgical procedures Number of patients, n (%)
Unilateral parathyroid exploration 121 (86.4)
Bilateral parathyroid exploration 19 (13.6)

Table 5 Distribution of location in 140 patients with parathyroid adenoma and the correlation between the findings in the different

diagnostic tools and the lesion position

o Number of Tc-99m MIBI CT scanwith MRl with Ultrasound + Tc-99m

Position . 0 Ultrasound
patients, n (%) SPECTI/CT contrast contrast MIBI SPECT/CT

Upper left PA 19 (13.6) 18/19 15/19 6/7 5/5 18/19
Lower left PA 51 (36.4) 45/51 50/51 14/16 5/6 50/51
Upper right PA 13 (9.3) 12/13 11/13 4/5 4/4 12/13
Lower right PA 45 (32.1) 40/45 44/45 12/14 4/5 44/45
Upper mediastinal ectopic PA 3 (2.1) 0/3 3/3 2/3 2/3 3/3
Intrathyroidal ectopic PA 1(0.7) 1/1 1/1 0/1 0/1 1/1
Upper left PA combined with 6 (4.3) 3/6 5/6 3/6 3/4 5/6
upper right PA
Upper left PA combined with 1 (0.7) 1/1 0/1 0/1 0/1 1/1
lower left PA
Upper right PA combined 1(07) 0/1 1/1 0/1 0/1 1/1
with lower right PA

Tc-99m MIBI: Technetium-99m sestamibi; SPECT/CT: Single-photon emission computed tomography/computed tomography; MRI: Magnetic resonance

imaging; PA: Parathyroid adenoma.
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and signs of hypocalcemia, intravenous injection of 10% calcium gluconate and/or oral calcium and
vitamin D3 were given simultaneously, and the dose was reduced gradually after the symptoms and
signs were relieved until the drug was stopped.
Temporary hoarseness occurred in one case, with an occurrence rate of 0.7%. Nerve nutrient
treatment and vasodilator drugs were given for 1 wk, and the hoarseness disappeared after 3 mo.
Nineteen cases had transient hypoparathyroidism after surgery, and the occurrence rate was 13.6%.
Although there was no special treatment, the condition returned to normal after 1 wk to 1 mo.

Moreover, no postoperative bleeding or hematoma in the surgical area was observed in all 140 patients
(Table 6).

Postoperative blood calcium, blood phosphorus, PTH changes, and follow-up

In all 140 patients with PA, postoperative blood calcium and PTH were significantly lower than those
before surgery, and blood phosphorus increased significantly. At 3 years of follow-up, the PTH level
and blood calcium of 138 patients had returned to normal. In two patients, the PTH level increased
again as observed at the follow-up visit. This was considered to be recurrence of the disease, and the
PTH level was restored to the normal value after re-surgery.

DISCUSSION

We analyzed the clinical records of 140 patients with PA. The overall success rate of surgery in this
group of patients was 98.6%, and the treatment outcome was satisfactory.

PA is the most common cause of primary hyperparathyroidism, accounting for approximately 80%-
85% of patients with primary hyperparathyroidism[13]. The cohort consisted of more women than men.
The age span of patients is large, but it usually occurs between 30 and 60 years of age[14]. Adenomas
can be single or multiple and dominated by a single occurrence. Among the cases in this group, 132
were single adenomas, accounting for 94.3% of all patients. Single adenoma was common in the lower
parathyroid gland, without any obvious side difference. In this group, among the patients with single
adenomas, 32 (22.9%) cases had adenomas in the upper parathyroid gland, and 96 (68.6%) cases had
adenomas in the lower parathyroid gland. A single adenoma can also be ectopic, and ectopic sites
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Table 6 Postoperative complications in 140 patients with parathyroid adenoma

Complications Number of cases, n (%)
Hypocalcemia 21 (15.0)

Hoarse voice 1(0.7)
Hypoparathyroidism 19 (13.6)

Bleeding or hematoma in the surgical area 0(0)

appear in the thyroid, thymus, posterior esophagus, mediastinum, and carotid artery sheath. In this
study, a total of 4 cases had single ectopic PAs, of which 3 were heterotopic in the mediastinum and 1
was heterotopic in the thyroid. Double adenomas are relatively rare, accounting for about 5% of patients
with adenomas. These occur on the same side or on both sides, and usually involve both upper
parathyroid glands[15]. In this study, 8 cases had double adenomas accounting for 5.7% of the total
number of cases, and 6 cases involved bilateral upper parathyroid glands. The size of PAs varied
greatly, the smaller ones could be <1 c¢m, the larger ones were > 10 cm; the adenomas < 6 mm are
termed “microadenomas”[16]. The weight is generally greater than 40 mg[17]; adenomas are solid,
yellow or tan, with clear borders and soft round morphology.

The etiology of PA is unclear, and risk factors for the disease include radiation exposure and long-
term lithium treatment[18]. Hyperparathyroidism caused by PA gives rise to skeletal system, urinary
system, digestive system, neuromuscular system, and neuropsychiatric symptoms. Some patients did
not have obvious symptoms before the diagnosis. However, because PA did not cause obvious typical
symptoms, and due to the diverse symptoms of PA, patients often first visit orthopedic, urology,
gastroenterology, neurology, and psychiatry clinics, leading to misdiagnosis. The key to improving the
diagnostic rate is to be alert to the symptoms of PA. If a patient has one or more of the following
manifestations, the possibility of PA should be considered: (1) Osteoporosis and bone pain due to
unknown reasons; (2) recurrent or active urinary calculi or nephrocalcinosis; (3) unexplained
gastrointestinal symptoms, such as nausea, vomiting, anorexia, acid reflux, constipation, and abdominal
pain; and (4) unexplained neurological symptoms, such as personality changes and depression.

Preoperative localization diagnosis is a major factor in the success of surgery. As PAs are deeply
located, small in size, and soft in texture, local compression symptoms are rarely observed unless the
individual is large in size[19], or the PA is ectopically located in the front of the trachea. Moreover,
sometimes the PA is ectopic, and there are many sporadic case reports in this regard[20-24]; 4 cases are
reported in this study. Therefore, preoperative localization diagnosis is essential.

Currently, there are many detection methods, including ultrasound, CT scan with contrast, MRI with
contrast, and Tc-99m MIBI SPECT/CT, for localization diagnosis of PA. Each of these detection methods
has its own advantages and disadvantages.

The advantages of ultrasound examination are that it is fast, convenient, non-invasive, reproducible,
and has high sensitivity and specificity; therefore, it is the first choice for localization of PAs. The first
manifestation in many patients is parathyroid gland-occupying lesions found during ultrasound
examination of the neck. All 140 patients in this study underwent neck ultrasonography; most were
characterized by clear boundaries, regular morphology, and hypoechoic nodules. However, PAs
sometimes undergo changes, such as calcification, cystic change, or cholesterol crystal deposition, which
alter their ultrasound performance. Ultrasound examination detects space-occupying lesions in the
parathyroid area on the dorsal side of the thyroid gland, but in this area, thyroid nodules may also
appear which protrude from the thyroid gland (to the back or outside) or an isolated thyroid gland;
hence, careful identification is required. Nodules protruding from the thyroid gland to the rear and
outside usually have tissue continuity and blood flow continuity with normal thyroid tissue, while PAs
are linearly separated from the thyroid tissue. Moreover, the parathyroid glands consist of large blood
vessels that can be identified by color Doppler examination. However, it is difficult to distinguish
between isolated thyroid tissues and PA during ultrasound examination. In addition, if the PA occurs
ectopically and appears in the upper mediastinum and thyroid, it is difficult to locate it successfully. In
this study, 4 patients had ectopic lesions, which could not be positioned by preoperative ultrasound
examination. In addition, the experience of the sonographer also affects the accuracy of the diagnosis. In
this study, the accuracy of ultrasound localization diagnosis was 85.52%, and hence, ultrasound
examination alone cannot be used for preoperative localization diagnosis.

Nuclear medicine examination with Tc-99m MIBI SPECT/CT is currently the most specific method
for localization and diagnosis of PAs. The primary mechanism is to use the different excretion rates of
Tc-99m by the parathyroid gland and thyroid gland. Dual-phase imaging is also used to determine PAs
[25]. The advantage of this method is its high detection rate for ectopic parathyroid tumors. In this
study, accurate localization was achieved in 4 cases of ectopic parathyroid tumors. However, Tc-99m
MIBI SPECT/CT lacks histological specificity, irrespective if it is PA, thyroid adenoma, thyroid
carcinoma, or even nodular goiter; it can show positive findings[26,27]. Therefore, if a patient with PA
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also has thyroid adenoma, thyroid cancer, or nodular goiter, inaccurate localization is possible. In the
present study, 10 patients with preoperative Tc-99m MIBI SPECT/CT showed inaccurate localization of
PA.

CT/MRI can provide images of the correlation between PAs, blood vessels, trachea, and esophagus
and has significant advantages in judging the association of the lesion with the surrounding tissues and
whether there is adhesion. Some investigators have speculated that 4D-CT accurately locates the
hyperfunctioning parathyroid glands before surgery (accurate to the quadrant), which was conducive to
formulating preoperative plans and improving the success rate of surgery, especially in patients with
recurrence[28]. Studies[29-33] have reported that preoperative Choline PET/CT has a high sensitivity
and positive predictive value for PA detection in patients with primary hyperparathyroidism and
negative or inconclusive conventional imaging results. Bilateral cervical exploration could be avoided in
the majority of patients. However, we have no experience on the efficiency of this test as it has not been
performed in our institution.

Therefore, each of the above-mentioned imaging methods has advantages and disadvantages.
Previous studies have reported that the use of Tc-99m MIBI SPECT/CT is recommended as the primary
method for preoperative localization of PAs[6-9]. According to the results of this study, our recom-
mendation is to use ultrasound + Tc-99m MIBI SPECT/CT for preoperative localization with a high
positive predictive value. For patients who cannot be localized preoperatively using ultrasound + Tc-
99m MIBI SPECT/CT, we suggest that further investigations can be performed using CT scan with
contrast and MRI with contrast.

Due to the etiological characteristics of PAs, approximately 85% of cases are single adenoma lesions.
With the continuous improvement in the accuracy of preoperative localization methods and the
application of rapid examination and monitoring of intraoperative PTH, the surgical methods for PA
have gradually transitioned from the traditional bilateral neck detection surgical method to minimally
invasive surgery, which directly removes the diseased gland. In this study, 13 cases of unilateral lesions
were observed in the early stage of patients who adopted bilateral neck exploration to prevent residual
lesions. Strikingly, with the improved diagnostic accuracy, 119 cases of unilateral lesions in the later
stage adopted the minimally invasive surgical method for unilateral neck exploration, and no residual
disease was detected. In addition, the integrity of the PA capsule must be ensured during surgery. Once
the capsule is ruptured, this leads to planting and local recurrence of the tumor. When the parathyroid
tumor is closely related to the thyroid tissue, isolation and removal of the thyroid tissues are necessary.
In this study, we focused on protecting the integrity of the PA capsule, avoiding clamping and excessive
pulling of the specimens in all cases. Only 2 cases had recurrence after surgery, and blood calcium and
PTH levels returned to normal after the second surgery. Intraoperative PTH monitoring improved the
success rate of surgery for PA removal. The major factors in the success of minimally invasive surgery
were as follows: Precise localization before surgery, fine manipulation during surgery, and imple-
mentation of intraoperative PTH monitoring. However, for preoperative localization failure or cases
with multiple adenomas, bilateral neck exploration is still required, and even the thyroid, thymus,
posterior esophagus, mediastinum, and carotid artery sheaths should be explored to prevent the
residues or omissions of lesions.

The present study has several limitations. Firstly, as this is a retrospective study, it may have some
bias and sampling variation. Secondly, this is a single-center study, and the sample size is small; hence,
additional multicenter studies with a large sample size are essential.

CONCLUSION

For patients with clinically unexplained skeletal system symptoms, such as osteoporosis, unexplained
urinary system symptoms, such as repeated episodes of urinary tract stones, or nephrocalcinosis,
unexplained gastrointestinal symptoms, and unexplained neuropsychiatric symptoms, it is
recommended that the possibility of PA should be excluded. Imaging examinations, such as ultrasound
and Tc-99m MIBI SPECT/CT could be integrated before surgery to obtain accurate localization
diagnosis. Preoperative precise localization, intraoperative PTH monitoring, and delicate surgery are
requisites to protect the integrity of the parathyroid tumor capsule and ensure a minimally invasive and
successful surgery.

ARTICLE HIGHLIGHTS

Research background
Parathyroid adenoma (PA) sometimes recurs after surgery, how to improve the surgical success rate of
PA is the key to the treatment of this disease.
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Research motivation
To investigate the clinical features, diagnosis, and surgical treatment of patients with PA.

Research objectives
To summarize the key points to improve the success rate of surgery for PA.

Research methods

One hundred and forty patients who were pathologically confirmed with PA and had undergone
surgery for the first time were included in the study. The clinical features, localization diagnosis, and
surgical treatment of these patients were analyzed.

Research results

The positive detection rate of technetium-99 m sestamibi (Tc-99m MIBI) single-photon emission
computed tomography/computed tomography (SPECT/CT) combined with ultrasound examination
was 96.4%. The success rate of surgery was 98.6%.

Research conclusions

Imaging examinations such as ultrasound, and Tc-99m MIBI SPECT/CT could be integrated before
surgery to obtain accurate localization diagnosis. Precise preoperative localization, intraoperative
parathyroid hormone monitoring, and delicate surgery to protect the integrity of the PA capsule ensure
a minimally invasive and successful surgery.

Research perspectives
To identify more effective diagnostic methods for patients with PAs that cannot be localized preoper-
atively.
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