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Abstract 
Objective: To compare the clinical efficacy and safety of ultrasound-guided 
microwave ablation with surgery for the treatment of primary parathyroid 
adenoma. Methods: The clinical data of patients with primary parathyroid 
adenoma admitted to the First Hospital of Yangtze University from January 
2010 to May 2020 were retrospectively analyzed, and they were divided into 
43 cases in the microwave ablation group (MWA) and 39 cases in the surgical 
procedure group (SR) according to the different treatment methods. The sur-
gical condition, postoperative complications, and changes in serum parathy-
roid hormone (PTH) and serum calcium and phosphorus levels were ana-
lyzed in both groups. Results: The hospital stay and operation time of pa-
tients in the microwave ablation group were shorter than those in the surgical 
group, and the intraoperative bleeding was significantly less than that in the 
surgical group (P < 0.05); the serum parathyroid hormone (PTH), blood cal-
cium and blood phosphorus levels of patients in both groups were signifi-
cantly lower than those before treatment (P < 0.05) after surgery of 1, 3 and 6 
months respectively, and the differences between groups were not statistically 
significant (P > 0.05). There was no statistically significant difference in the 
incidence of postoperative complications between the two groups (P > 0.05). 
Conclusion: Microwave ablation can achieve the same therapeutic effect as 
surgery. It is a safe and feasible clinical technique worthy of clinical promo-
tion with its short hospitalization time, less bleeding and less trauma.  
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1. Introduction 

Parathyroid adenoma is one of the main causes of hyperparathyroidism, which 
accounts for 80% - 85% of primary hyperparathyroidism [1]. Hyperparathyroid-
ism is a disorder of endocrine function. By taking advantage of the systemic dis-
tribution of parathyroid hormone, numerous target targets, rapid and sensitive 
effects, hyperparathyroidism is characterized by “small local lesions and large 
systemic effects” [2]. Surgical resection is the traditional treatment for primary 
parathyroid adenomas, and microwave ablation is a minimally invasive non-surgical 
treatment for them. Microwave ablation can inactivate adenoma activity, reduce 
serum parathyroid hormone and calcium levels, and alleviate adenoma-related 
symptoms [3]. This study will investigate the efficacy of ultrasound-guided mi-
crowave ablation treatment of parathyroid adenoma and surgical treatment, and 
then conduct a comparative study. The efficacy of these two treatments will be 
studied by comparing the indexes before and after the surgery, such as preopera-
tive and postoperative serum calcium, phosphorus and parathyroid hormone, 
length of hospital stay, duration of surgery, complications of laryngeal recurrent 
nerve injury and so on, so as to provide a better choice for the clinical treatment 
of parathyroid adenoma. 

2. Data and Methods 
2.1. General Data 

The clinical data of primary parathyroid adenoma patients admitted to the First 
Hospital of Yangtze University from January 2010 to May 2020 were retrospec-
tively analyzed, and they were divided into 43 cases in the microwave ablation 
group and 39 cases in the surgical group according to the different treatment 
methods. Patients who met the following criteria were enrolled: patients diag-
nosed with primary hyperparathyroidism according to the recommendations of 
the International Symposium on Primary Hyperparathyroidism (82 cases), those 
excluded from ectopic parathyroidism by CT and 99MTC-Sestamibi radionuc-
lides, and those confirmed to be benign parathyroid adenoma by ultrasunion- 
guided core needle biopsy (CNB). This retrospective study was approved by the 
ethics committee of the First Hospital of Yangtze University, and written in-
formed consent was obtained from each patient before the surgery. 

2.2. Methods 

All patients got the inspections of ultrasonic, CT, 99mTc-Sestamibi nuclide im-
aging, CNB and laboratory, and clinical symptoms assessment. CNB was per-
formed under ultrasound guidance using a 16-gauge semiautomatic biopsy 
needle. Laboratory tests included determination of serum parathyroid hormone 
(normal range 11 - 67 pg/mL), blood phosphorus levels (reference range 0.80 - 
1.50 mmol/L) and blood calcium (normal range 2.00 - 2.65 mmol/L), as well as 
coagulation tests and platelet counts. 
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2.2.1. Microwave Ablation Group 
Before ablation, venous access was established, and the patient was placed in a 
flat position with the neck hyperextended and the head tilted to the side, and the 
puncture site was routinely disinfected, toweled, and the puncture site and the 
puncture path were locally anesthetized with 2% lidocaine. For parathyroid no-
dules with rich color Doppler flow signals, the “vascular tip ablation” technique 
was used before ablation. Microwave antennas are placed in the appropriate co-
lored areas to ablate the main blood supply vessels until the apparent colored 
blood flow around the parathyroid nodule disappears. Under the guidance of ul-
trasound, normal saline was injected into the area between the parathyroid no-
dules and the important structures in the neck (carotid artery, trachea, esopha-
gus, nerve and thyroid) to form a fluid separation area of 3 - 5 mm. Afterwards, 
the microwave ablation needle was placed into the lesion, and the microwave 
ablation instrument was activated with 40 W power to ablate the lesion point by 
point and surface by surface until all of the lesion showed strong echogenicity. 
Ultrasound contrast agent (SonoVue) was injected intravenously to evaluate the 
ablation effect in real time, and then the tissue in the ablated area was removed 
with a biopsy needle and sent for examination. Throughout the ablation proce-
dure, the operator intermittently asks the patient how they feel to assess their 
vocal status. At the end of the treatment, the puncture point of the neck of the 
patient was observed for compression for 30 min. 

2.2.2. Surgical Group 
After general anesthesia with tracheal intubation, an incision was made along 
the top two finger widths of the sternum, then the deep fascia was incised to ex-
pose the thyroid envelope, and the thyroid gland and the pseudo-envelope were 
carefully separated. The parathyroid adenoma is located in the terminal branches 
of the upper and lower thyroid arteries. After separating it from the surrounding 
tissue, the vessels are cut and the adenoma is completely removed. Care should 
be taken to protect the patient’s trachea and esophagus during the neck incision 
and to protect the laryngeal recurrent nerve. After completing the surgery, the 
surgical incision was closed layer by layer. 

2.3. Observation Index 

1) Hospital stay, operation time and intraoperative blood loss. 
2) Analyze the changes of serum parathyroid hormone (PTH), serum calcium 

and phosphorus levels before and after surgery of 1, 3 and 6 months respectively 
in both groups. 

3) Postoperative complications such as headache, hypocalcemia, and laryngeal 
return nerve injury. 

2.4. Equipment Used 

ARIETTA 70 color Doppler ultrasound diagnostic instrument with 8 - 13 MHz 
high frequency probe; microwave ablation using KY-2000 microwave ablation 
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instrument-frequency 2450 MHz with ablation power 40 W; the matching mi-
crowave antenna needle is Thy-ablationTM 3 mm × 18 G; 16 G semi-automatic 
biopsy needle; SonoVue ultrasound contrast agent. 

2.5. Statistical Analysis 

SPSS 21.0 software was used for data processing. The measurement data were 
expressed as x  ± s (mean ± standard deviation), and the t-test was used for the 
intergroup test; the count data were expressed as frequencies and percentages 
and tested by c2-test; P < 0.05 indicated a difference which means the data was 
statistically significant. 

3. Results 
3.1. Comparison of General Data between the Two Groups 

20 men and 23 women in the microwave ablation group, aged from 35 to 70 
years old (58.4 ± 12.1 years old on average), with a disease duration of 5 - 21 
months (16.9 ± 4.5 months on average); there were 19 men and 20 women in the 
surgical group, aged from 36 to 72 years old (57.7 ± 11.8 years old on average), 
and the course of disease ranged from 4 to 19 months (15.4 ± 3.7 months on av-
erage). When comparing the general data of the two groups, the differences were 
not statistically significant (P > 0.05), which means the data were comparable. 
See Table 1. 

3.2. Comparison of Surgical Situation between the Two Groups 

The hospital stay and operation time of patients in the microwave ablation 
group were shorter than those in the surgery group, and the intraoperative 
bleeding was significantly less than that in the surgery group (P < 0.05). See Ta-
ble 2. 

3.3. Comparison of the Changes of PTH, Blood Calcium and Blood  
Phosphorus Levels in the Two Groups before and after  
Surgery 

The serum parathyroid hormone (PTH), blood calcium and blood phosphorus 
levels of patients in the two groups were significantly lower than those before 
treatment (P < 0.05) after surgery of 1, 3 and 6 months respectively, and the dif-
ferences between the groups were not statistically significant (P > 0.05). See Ta-
ble 3. 

3.4. Comparison of Complications between the Two Groups 

There was one case of headache, two cases of hoarseness and one case of hypo-
calcemia in the microwave ablation group, while there was no patient with 
headache but two cases of hoarseness and one case of hypocalcemia in the sur-
gical surgery group. There was no statistically significant difference in the inci-
dence of complications between the two groups. See Table 4. 
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Table 1. Comparison of general information of patients between the two groups. 

Group 
Sex ratio 

(M/F, cases) 
Age 

(years, x  ± s) 
Mean duration of disease 

(month, x  ± s) 

Microwave ablation group 20/23 58.4 ± 12.1 16.9 ± 4.5 

Surgical group 19/20 57.7 ± 11.8 15.4 ± 3.7 

t-value  0.26 1.64 

P-value  0.79 0.11 

 
Table 2. Comparison of patients’ surgical conditions between the two groups ( x  ± s). 

Group 
Operating 
time (min) 

Intraoperative bleeding 
volume (mL) 

Hospitalization 
time (d) 

Microwave ablation group 28.22 ± 6.31 6.45 ± 1.33 3.04 ± 0.13 

Surgical group 92.47 ± 16.42 50.39 ± 8.99 5.88 ± 2.12 

t-value 24.56 31.71 8.68 

P-value 0.00 0.00 0.00 

 
Table 3. Comparison of the values of PTH, blood calcium and blood phosphorus levels at 
each time point after treatment between the two groups ( x  ± s). 

Indicator Group 
Before 

treatment 
1 month 3 months 6 months 

PTH 
(pg/mL) 

Microwave 
ablation group 

591.1 ± 100.6 308.2 ± 31.0a 267.7 ± 26.5a 162.4 ± 11.9a 

Surgical group 606.9 ± 98.3 299.4 ± 33.8a 263.8 ± 20.2a 158.6 ± 11.3a 

Blood 
calcium 

(mmol/L) 

Microwave 
ablation group 

2.81 ± 0.45 2.26 ± 0.37a 2.01 ± 0.22a 1.57 ± 0.18a 

Surgical group 2.97 ± 0.50 2.13 ± 0.33a 2.26 ± 0.24a 1.53 ± 0.15a 

Blood 
phosphorus 
(mmol/L) 

Microwave 
ablation group 

2.51 ± 0.72 1.85 ± 0.55a 1.52 ± 0.44a 1.36 ± 0.25a 

Surgical group 2.44 ± 0.65 1.34 ± 0.49a 1.48 ± 0.41a 1.38 ± 0.27a 

Note: Comparison of each time point with pre-treatment, aP > 0.05, no statistically significant difference 
between the two groups. 
 
Table 4. Comparison of postoperative complications between the two groups (% of cas-
es). 

Group Headache Hoarseness Hypocalcemia Total 

Microwave ablation group 1 (2.3%) 2 (4.7%) 1 (2.3%) 4 (9.3%) 

Surgical group 0 (0) 2 (5.1%) 1 (2.6%) 3 (7.7%) 

4. Discussion 

Parathyroid adenomas can occur at any age, with a significantly higher incidence 
after the age of 40 years, and can be associated with clinical symptoms. The in-
cidence is more frequent in women than in men, with a ratio of 3:1 to 4:1 [4]. 
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CT is easy to locate the ectopic parathyroid gland, for example, the ectopic 
parathyroid gland in the anterior mediastinum or in the tracheoesophageal sul-
cus. However, CT is costly and radiologically intensive, and enhanced scans are 
important but dependent on the hematologic status of the parathyroid glands [5] 
[6]. Methoxyisobutylisocyanine (MIBI) imaging technique is highly sensitive for 
detecting solitary adenomas and is the preferred nuclide imaging test. The big-
gest drawback of MIBI is its low sensitivity for polyglandular hyperplastic para-
thyroid lesions (sensitivity of 45%) and double adenomas (sensitivity of 30%). 
The sonogram of a parathyroid adenoma is usually hypoechoic, unlike the 
hyperechogenicity of a follicular thyroid nodule. The most common parathyroid 
adenoma is oval in shape, but can appear elongated, bilobed or multilobed [7]. 
The advantages of ultrasonography are: 1) accuracy and reliability; 2) real-time 
and convenience; 3) affordability; 4) noninvasiveness [8]. 

In the treatment of parathyroid adenoma, conservative medical treatment is 
not ideal. So surgical treatment has become the main treatment method. How-
ever, 95% of resection cases affect the gland and increase mortality in elderly pa-
tients [9] [10]. Surgical treatment can also damage the recurrent laryngeal nerve 
and cause hoarseness, with an incidence of about 5.8% [11]. At the same time, 
the surgery is traumatic, with long period of treatment and relatively painful for 
the patient; while lumpectomy, although the skin incision is small, is difficult to 
show both the lesion and the surrounding important tissue structures due to the 
small visible scope under the microscope. And it is difficult to detect small deep 
and hidden lesions, which increases the difficulty of surgery. Surgical guidelines 
have been developed by the International Symposium on Primary Hyperpara-
thyroidism, but many patients do not meet these guidelines [12]. This has gen-
erated a great interest in finding a therapeutic alternative to surgery. Nowadays, 
local anesthesia and minimally invasive non-surgical therapies are increasingly 
used to treat primary hyperparathyroidism (PHPT) [13]. Microwave ablation 
may be safe and effective for the treatment of recurrent and persistent secondary 
hyperparathyroidism nodules [14]. 

Microwave ablation (MWA) is a minimally invasive interventional treatment 
method. In 1995, Goldberg and Gazelle et al. [15] [16] were the first to report the 
application of MWA to the ablation of lung tissue in animals. Since then, many 
experimental and clinical research reports on microwave treatment of lung can-
cer have appeared. A wealth of clinical experience is accumulated, which enables 
it to become a treatment with clear effects. At present, in addition to lung tu-
mors, microwave ablation technology has also been successfully used to treat 
various other solid tumors, such as liver tumors, bone tumors, kidney tumors, 
adrenal tumors, etc. [17] [18]; in addition to inactivating tumors, it can also re-
duce tumor load to achieve pain relief and reduce hormone secretion; further-
more, there are studies that apply it to non-tumor diseases such as the treatment 
of thyroid nodules [19] [20]. 

Ultrasound-guided microwave ablation can show the vascular blood flow in 
the surgical area, which can avoid and reduce the damage to blood vessels dur-
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ing the surgical operation. Together with ultrasound guidance throughout the 
whole process and in real time, it is more accurate to achieve a precise strike on 
the tumor. In this study, comparing the effect of microwave ablation with sur-
gery in the treatment of parathyroid adenoma, we also found that the postopera-
tive PTH, blood calcium and blood phosphorus levels of patients in both groups 
decreased significantly compared with those before surgery (P < 0.05). And the 
serum parathyroid hormone (PTH), serum calcium and phosphorus levels de-
creased more rapidly in the surgery group than in the ablation group after sur-
gery of 1, 3 and 6 months respectively. However, the length of hospital stay, 
operative time, and intraoperative bleeding were lower in the microwave abla-
tion group than in the surgical group (P < 0.05), and the complication rates were 
lower in both groups, with no statistically significant differences (P > 0.05), 
which indicated that both microwave ablation and surgical treatment of para-
thyroid adenoma are safe and effective. 

5. Conclusion 

In conclusion, in the treatment of primary parathyroid adenoma, both micro-
wave ablation and surgery can effectively reduce serum parathyroid hormone 
(PTH), serum calcium and phosphorus levels and relieve nodule-related symp-
toms. At the same time, patients with microwave ablation have less intraopera-
tive bleeding and shorter hospital stay and operation time, which are worthy of 
clinical promotion. 
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