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Abstract 

Background: For unilateral papillary thyroid carcinoma (PTC) patients with contralateral benign nodules, optimal 
treatment decisions are made according to patient preference and the disease’s pathological features. This study was 
performed to evaluate the efficacy and complications of hemithyroidectomy with intraoperative radiofrequency abla-
tion (RFA) compared with total thyroidectomy.

Methods: Patients with unilateral PTC and cytologically benign contralateral nodules were enrolled from 2014 to 
2018. Total thyroidectomy or hemithyroidectomy with intraoperative RFA of the contralateral nodule was offered to 
patients who had anxiety regarding their disease. The operation-related parameters, transient or permanent nerve 
injury, hypocalcemia and disease recurrence, were recorded and compared between the two groups.

Results: After propensity score matching, 191 patients who underwent total thyroidectomy and 224 contralateral 
nodules in 191 patients underwent hemithyroidectomy with intraoperative RFA (HTRFA) were included. The volume 
reduction ratios of the contralateral nodules were 67.7% at 12 months and 95.8% at 24 months. The total thyroid-
ectomy group reported significantly higher hypocalcemia than HTRFA within one year (7.8% vs. 2.6%, p = 0.022). 
Supplemental levothyroxine was not required in 28.3% (54/191) of the patients one year after HTRFA. With a median 
follow-up of 4.1 years, three recurrences (1.6%) were observed in the HTRFA, and no recurrence occurred in the total 
thyroidectomy group (p = 0.246).

Conclusions: Hemithyroidectomy for unilateral PTC and intraoperative RFA for contralateral nodules were acceptable 
and effective treatment approaches and did not increase the risk of complications.
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Background
The prevalence of thyroid nodules detected by high-res-
olution ultrasonography can be up to 75% in randomly 
selected individuals [1]. Thyroid cancer occurs in 5% to 
15% of patients with thyroid nodules, depending on fac-
tors such as sex, age, family history, and radiation expo-
sure [2]. Given the increasing incidence of thyroid cancer 
and the high prevalence of thyroid nodules, detection 
of contralateral nodules by ultrasound is common in 
patients with cytologically proven thyroid cancer sched-
uled for surgery.

The treatment strategy for patients with low-risk pap-
illary thyroid carcinoma (PTC) who have cytologically 
benign contralateral nodules calls into question [3]. 
According to the 2015 American Thyroid Association 
(ATA) guidelines, contralateral thyroid nodules may 

be a criterion for a bilateral procedure because of plans 
for radioiodine (RAI) therapy or to facilitate follow-up 
strategies or address suspicions of bilateral disease [4]. 
Ritter et al. investigated the natural history of nonsuspi-
cious contralateral nodules after hemithyroidectomy for 
unilateral PTC, and the results revealed that hemithy-
roidectomy for low-risk patients with a small PTC and 
nonsuspicious contralateral nodules was a safe initial 
treatment option and was associated with a decreased 
occurrence of transient hypoparathyroidism [3]. How-
ever, hemithyroidectomy for unilateral PTC with con-
tralateral benign nodules was sufficient. Patients in 
China tend to feel anxious about disease progression and 
choose to undergo total thyroidectomy to prevent occult 
PTC in the contralateral lobe [5].

Graphical Abstract
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Thermal ablation has been used to ablate benign nod-
ules and yields satisfactory results [6–8]. Radiofrequency 
ablation (RFA) has been proven effective in achieving 
nodule shrinkage [7, 9–11]. In our institution, intraop-
erative RFA is an alternative method to treat contralateral 
benign nodules after hemithyroidectomy for unilat-
eral PTC. This retrospective propensity score matching 
study based on a prospectively maintained database was 
designed to evaluate the feasibility of intraoperative RFA 
in curing disease and relieving anxiety for patients who 
were worried about disease progression. Total thyroid-
ectomy and hemithyroidectomy with intraoperative RFA 
were compared in terms of effectiveness, oncological out-
comes, and complications.

Methods
Patients
The study was approved by the ethics committee of 
Zhongnan Hospital of Wuhan University. Informed con-
sent for treatment procedures was obtained from each 
patient. Unilateral PTC patients from October 2014 to 
October 2018 were reviewed at two tertiary referral aca-
demic medical centers, viz. Tongji Hospital of Huazhong 
University of Science and Technology and Zhongnan 
Hospital of Wuhan University. Patients who were anx-
ious about their disease were asked to complete the 
hospital anxiety and depression scale (HADS) question-
naire, which was used to assess their degree of anxiety. 
The HADS consists of 14 items pertaining to anxiety and 
depression [12]. Scores for the anxiety and depression 
subscale ranged from 0 to 21, and anxiety subscale values 
exceeding seven were considered to indicate anxiety in 
the patient. According to the patients’ disease character-
istics and preferences, total thyroidectomy or hemithy-
roidectomy with RFA was recommended.

Patients undergoing total thyroidectomy or hemith-
yroidectomy with RFA who met the following crite-
ria were enrolled: i) Nodules were examined through 
preoperative ultrasound-guided fine-needle aspira-
tion cytology (FNAC) and BRAF mutation analysis. If 
the first FNAC was indeterminate, the second FNAC 
would be performed. Only the contralateral nodules 
confirmed benign by the second FNAC were included; 
ii) patients with cytologically unilateral cancer and con-
taining pathologically benign contralateral nodules; iii) 
no evidence of lymph node metastases (cN0) at palpa-
tion and neck ultrasound (US); iv) contralateral nod-
ules had all three orthogonal dimensions ≤ 20 mm and 
located in the thyroid gland; v) the index of the con-
tralateral benign nodules had to be solid or predomi-
nantly solid (< 30% cystic) on US [12]. vi) No more than 
four nodules on the contralateral lobe were treated 
with FNAC and RFA.

All patients were evaluated with laboratory tests (com-
plete blood count, thyroid function tests), imaging stud-
ies including chest radiography, and US of the thyroid 
and cervical lymph nodes before treatment. According to 
ATA recommendations, the thyroid stimulating hormone 
(TSH) level was maintained between 0.5–2 mU/L in both 
groups.

Thyroidectomy
All operations were performed by the same senior sur-
geons (W.G. and H.J.) with a standard technique of fine 
capsular en bloc dissection and resection from the infe-
rior pole to the superior pole [13]. Intraoperative neu-
romonitoring was adopted in the protocol [14]. Superior 
parathyroid glands were identified and preserved in situ 
[15]. Inferior parathyroid glands were protected in  situ 
or autotransplanted in the sternocleidomastoid muscle 
according to three certain types based on their blood 
supply and location [16]. All patients who underwent 
hemithyroidectomy with RFA received ipsilateral prophy-
lactic central compartment neck dissection, and patients 
who underwent total thyroidectomy received ipsilateral 
prophylactic central compartment neck dissection on 
the side with the malignant lobe [17, 18]. The ipsilateral 
CCND entailed the removal of the prelaryngeal, pretra-
cheal, and right or left paratracheal nodal basins.

Hemithyroidectomy with intraoperative RFA
After thyroid hemithyroidectomy, the contralateral nod-
ules were treated with intraoperative RFA. A bipolar RFA 
generator (CelonLab POWER, Olympus Surgical Tech-
nologies Europe, Hamburg, Germany) and a 9-gauge/15-
gauge bipolar RF applicator with a 9/15-mm active tip 
were employed in our study. US-guided FNAC and RFA 
were performed using a Versana Premier Pt ultrasound 
machine, a 12 L probe for FNAC and an L8-18i probe for 
intraoperative RFA. The RFA power was 5 watts. During 
the application of RF energy, the generator continuously 
measures the electric impedance of the tissue between 
the two electrodes at the tip of the RF applicator. The 
power output was automatically adjusted based on the 
change in tissue impedance.

Intraoperative RFA was performed under general anes-
thesia after the completion of hemithyroidectomy. RFA 
was conducted over the thyroid gland. It was able to elimi-
nate the complications that might suffer from percuta-
neous RFA. The “hydrodissection technique’’ was used 
during the ablation process to prevent recurrent laryngeal 
nerve injury and destruction of the trachea, carotid artery, 
internal jugular vein, and esophagus by heat energy. If 
the distance between the tumor and other critical cervi-
cal structures was < 5  mm, normal saline with 0.0005% 
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adrenaline was first injected using a 23-gauge needle to 
form at least a 1-cm distance between the tumor and the 
critical structures to reduce the risk of thermal injury [19].

Complications
Transient or persistent hypoparathyroidism confirmed 
by serum calcium levels was less than the lower limit at 
the examination center. Postoperative vocal cord paral-
ysis (VCP) was defined as fixed vocal cord mobility 
with laryngoscopic examination. Laryngoscopic exami-
nation was performed before the operation and on the 
second day after surgery. If VCP was observed, post-
operative laryngoscopic examination was performed 
every three months for the first year and then annually 
after that. US surveillance was performed for all the 
patients every three months for the first year and then 
annually. Postthyroidectomy hypoparathyroidism or 
VCP lasting more than six months was considered per-
manent hypoparathyroidism or VCP [20]. Locoregional 
recurrence was defined as cervical/superior mediasti-
nal disease detected by US and identified by FNAC.

Statistical analysis
We conducted propensity score matching analysis 
using a logit model to minimize the effects of poten-
tial confounders on selection bias. The model was 
adjusted for the following variables: sex, age at the 
time of surgery, number, size and location of primary 
tumors and contralateral nodules, and follow-up time. 
Before matching, the mean propensity score was 0.654 
for patients in the hemithyroidectomy with the RFA 
group (n = 271) and 0.705 for patients in the total thy-
roidectomy group (n = 368), with a standardized differ-
ence of 19.4% (p < 0.001). A total of 382 patients (191 
one-to-one matched patients from each cohort) were 
compared using the nearest neighbor method. After 
matching, the mean propensity score was 0.524 for 
patients in the hemithyroidectomy with the RFA group 
(n = 191) and 0.586 for patients in the total thyroidec-
tomy group (n = 191), with a standardized difference of 
4.9% (P = 0.174).

Recurrence-free survival and complication rates were 
subsequently recalculated and compared. The volume 
reduction ratio (VRR) was calculated as follows: VRR 
(%) = ([initial volume—final volume] × 100)/initial vol-
ume. Continuous variables between the groups were 
compared using nonparametric tests. The positive rates 
of the two groups were compared by the chi-square 
or Fisher’s exact test, if appropriate. Two-sided p val-
ues < 0.05 were considered statistically significant. Sta-
tistical analyses were conducted using SPSS software 
(version 25.0; SPSS, Chicago, IL, USA). The significance 
level was defined as a p value of less than 0.05.

Results
Patients
We reviewed a total of 731 medical records of unilateral 
PTC patients with contralateral nodules who underwent 
total thyroidectomy or hemithyroidectomy with intra-
operative RFA. Fifty-one (7.0%) patients with extrathy-
roidal extension (ETE) and 24 (3.2%) patients with gross 
cervical lymph node metastases during the surgery were 
excluded from the study. A total of 224 contralateral 
nodules in 191 patients were included in the hemithy-
roidectomy with the RFA group after propensity score 
matching. Patient enrollment is presented in Fig. 1.

Baseline characteristics showed no difference between 
the two groups after matching in terms of mean age, sex 
and follow-up time (p = 0.364, 0.608, 0.172). The median 
size and volume of contralateral nodules in the two 
groups had no significant difference, nor did the side of 
the tumors (p = 0.452, 0.641, 0.467) (Table  1). Sixty-one 
patients (32.5%) in the hemithyroidectomy with RFA 
group and 76 patients (35.1%) in the total thyroidectomy 

Fig. 1 Workflow chart of the study
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group harbored central lymph node metastases that were 
more than 2  mm (p = 0.110). In the hemithyroidectomy 
with the RFA group, no patient received radioactive 
iodine. Thirteen (6.8%, 13/191) patients who underwent 
total thyroidectomy were confirmed to have more than 5 
metastatic lymph nodes, 11 of whom received radioactive 
iodine. Compared to contralateral lobectomy during total 
thyroidectomy, which took 20–30  min, hemithyroidec-
tomy with RFA took 5–10  min to perform. Nine of the 
191 patients who underwent total thyroidectomy were 
diagnosed with contralateral PTC (seven micro-PTCs, 
two 20 mm).

Changes in benign thyroid nodules in the study group
Forty-eight (25.1%) patients in the hemithyroidectomy 
with RFA group had multiple nodules in the contralateral 
lobe. An average of 2 (1–4) nodules were ablated in the 
contralateral lobe. All the nodules on the contralateral 
lobe were benign. The FNAC outcome for 25 contralateral 
nodules (25/224, 11.2%) was indeterminate, and FNAC 
was performed twice. The initial mean size of the con-
tralateral nodule was 0.9 ± 0.8 cm (Table 1). The average 
volume of 224 nodules was 3.1 ± 2.6 ml before treatment, 
1.9 ± 1.8 ml at 6 months, 1.0 ± 0.6 ml at 12 months, and 
0.4 ± 0.2 at 18  months and 0.13 ± 0.1 at the final follow-
up period. A second ablation was performed on thirty-
three (14.7%) nodules. The nodular volume decreased 

progressively, and the differences were statistically sig-
nificant compared with the volume before treatment 
(p < 0.001). The VRR gradually increased by 38.7% at 
6  months, 67.7% at 12  months, 87.1% at 18  months and 
95.8% at the final follow-up period (Fig. 2).

Complications
In the hemithyroidectomy with intraoperative RFA 
group, transient recurrent laryngeal nerve injury was 
confirmed in one patient (0.5%) on the side of the 

Table 1 Baseline characteristics of participants

Characteristics Before matching After matching

Hemithyroidectomy 
with RFA

Total thyroidectomy P value Hemithyroidectomy 
with RFA

Total thyroidectomy P value

Cases 271 368 191 191

Age at surgery 41 (21–54) 42 (25–50) 0.043 32 (24–50) 34 (21–51) 0.364

Female 188 (69.4%) 265 (72.0%) 0.468 103 (53.9%) 98 (51.3%) 0.608

Primary tumor

Right lobe 154 (56.8%) 222 (40.8%) 0.374 116 (60.7%) 109 (57.1%) 0.467

Multifocality 29 (10.7%) 41 (11.1%) 0.860 19 (9.9%) 21 (11.0%) 0.738

Nodule diameter (cm) 1.4 (1.0 – 3.4) 1.8 (1.0 – 4.0) 0.012 1.6 (1.0 – 3.5) 1.7 (1.1 – 4.0) 0.751

Contralateral nodule(s)

Multifocality 84 (31.0%) 150 (40.7%) 0.011 48 (25.1%) 51 (26.7%) 0.656

Nodule diameter 0.8 ± 0.7 1.0 ± 0.9 0.017 0.9 ± 0.8 1.0 ± 0.7 0.452

 ≥ 1.0 cm 57 (21.0%) 114 (31.0%) 57 (21.0%) 114 (31.0%) 0.726

Nodule volume (ml) 3.0 ± 2.9 3.4 ± 2.4 0.020 3.1 ± 2.6 3.3 ± 2.1 0.641

Pathological lymph node metastasis 80 (29.5%) 143 (38.9%) 0.014 62 (32.5%) 67 (35.1%) 0.589

Serum thyroglobulin 
(normal: 1.59 – 50.03) (μg/ml) (one 
month after surgery)

21.77 
(15.03 – 37.79)

0.07 
(0.05–2.23)

0.247 22.81 
(16.27 – 34.21)

0.41
(0..07 – 1.85)

0.127

Median follow-up period 4.1 years
(2.0–5.4)

4.7 years
(2.0–6.1)

0.024 4.1 years 
(2.0–5.4)

4.2 years
(2.0–5.5)

0.172

Fig. 2 Volume Reduction Ratio at each follow up



Page 6 of 8Yuan et al. Journal of Otolaryngology - Head & Neck Surgery           (2022) 51:26 

hemithyroidectomy. In contrast, four (2.1%) were docu-
mented in the total thyroidectomy group (p = 0.386). 
These patients recovered within six months. The injured 
nerves recovered, and the vocal cords moved fully in 
adduction and abduction. In the total thyroidectomy 
group, one (1/191, 0.5%) patient had permanent recur-
rent laryngeal nerve injury, with persistent dysphonia 
and documented palsy more than 6 months after surgery. 
In the hemithyroidectomy with RFA group, five (2.6%) 
had transient hypoparathyroidism. None of the patients 
had permanent hypoparathyroidism with low serum cal-
cium and PTH after six months of continuous use of cal-
cium tablets and vitamin D. Conversely, of the patients 
who underwent total thyroidectomy, 15 (7.8%) and three 
(1.6%) developed transient and permanent hypocalcemia 
with the use of medicine within one year and beyond one 
year, respectively (Table 2).

Postoperative supplemental levothyroxine therapy
TSH was maintained in the mid to lower reference range 
(0.5–2  mU/L), while surveillance for recurrence was 
continued. Thyroid hormone therapy was unnecessary 
if patients could maintain their serum TSH in this tar-
get range. The rate of patients who were not required to 
receive supplemental levothyroxine while under surveil-
lance after hemithyroidectomy with intraoperative RFA 
was 28.3% (54/191) within one year. The normal range of 
TSH in our institution was 0.3–4.6 mU/L. A total of 103 
(53.9%, 103/191) patients received levothyroxine for TSH 
suppression with TSH levels ≤ 4.6 mU/L, and 34 (17.8%, 
34/191) patients received levothyroxine for hypothyroid-
ism with TSH levels > 4.6 mU/L one year after surgery.

Disease recurrence
In the hemithyroidectomy and RFA groups, two patients 
(2.1%) had new lesions (1.2  cm and 1.4  cm) that were 
cancerous, arising in the remaining thyroid of the con-
tralateral lobe. The time to recurrence was 4.1 years and 
3.5  years for the two patients with 2.4  cm and 2.9  cm 

primary PTCs who encountered recurrences on the 
contralateral lobe. One case (1/191, 0.5%) harbored cer-
vical lymph node metastasis (9  mm) in the untreated 
contralateral central neck 3.0 years after surgery, and no 
recurrence was observed in the remnant thyroid lobe. All 
three patients underwent completion thyroidectomy and 
central neck dissection on the contralateral lobe. No scar 
tissue or adhesion between the strap muscles and the thy-
roid gland was observed following completion thyroidec-
tomy. With the help of intraoperative neuromonitoring, 
no RLN injury occurred in any of the three cases. None 
of the patients encountered hypocalcemia after a comple-
tion thyroidectomy.

The median levels of serum thyroglobulin (Tg) were 
22.81  μg/ml (16.27–34.21) in the hemithyroidectomy 
with RFA group and 0.41 μg/ml (0.07–1.85) in the total 
thyroidectomy group one month after surgery. Tg levels 
in the three patients undergoing hemithyroidectomy with 
RFA who encountered locoregional recurrence were not 
obviously increased.

Discussion
For unilateral PTC with benign thyroid nodules on the 
opposite side, the optimal extent of surgery remains 
controversial [21]. This propensity score matching study 
compared hemithyroidectomy plus intraoperative RFA 
with total thyroidectomy concerning complications and 
morbidity after treatment. The results of this study indi-
cated that hemithyroidectomy plus intraoperative RFA 
was comparable to total thyroidectomy with respect to 
oncologic efficacy after a median follow-up of 4.1 years. 
Intraoperative RFA effectively decreased the volume of 
contralateral nodules (95.8% volume reduction at the 
2-year follow-up). The rate of transient hypocalcemia was 
significantly lower after hemithyroidectomy with RFA 
than following total thyroidectomy.

According to the 2015 ATA guidelines, patients receive 
thyroid lobectomy for thyroid cancer and observation 
with regular follow-up for contralateral benign nodules. 

Table 2 Adverse events between hemithyroidectomy plus intraoperative RFA and total thyroidectomy during the follow up

RFA Radiofrequency ablation

Hemithyroidectomy with RFA
(n = 191)

Total thyroidectomy
(n = 191)

P value

Hypocalcemia (within six months) 5 (2.6) 15 (7.8) 0.022

Hypocalcemia (beyond six months) 0 3 (1.6) 0.246

Recurrent laryngeal nerve paralysis (within six months) 1 (0.5) 4 (2.1) 0.368

Recurrent laryngeal nerve paralysis (beyond six months) 0 1 (0.5) 1.000

locoregional recurrence 3 (1.6) 0 0.246

New lesions 2 (1.1) 0 0.478

Lymph node metastasis 1 0 1.000
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Some patients were anxious about contralateral progres-
sion to malignancy after thorough patient education. 
These patients tend to choose subtotal or total thyroid-
ectomy. It provides a definitive cure of the disease and 
the promise of total relief of any compressive symp-
toms associated with it. Although total thyroidectomy is 
widely available and generally safe, there are still risks of 
complications, such as the high frequency of hypocalce-
mia requiring vitamin D treatment. Hemithyroidectomy 
benefits included avoiding the risk of temporary or per-
manent hypoparathyroidism and potentially halving the 
risk of superior and recurrent laryngeal nerve injury [22]. 
Under these circumstances, hemithyroidectomy for the 
lobe with malignant thyroid nodules and intraoperative 
RFA for the contralateral lobe with benign thyroid nod-
ules could be a compromise.

In the hemithyroidectomy with intraoperative RFA 
group, we found that the volume of all thyroid nodules 
significantly decreased after treatment (Fig.  2). Further-
more, no serious complications were observed after 
treatment. Considering that patients in China tend to 
have anxiety of nodules being malignant and the poten-
tial to undergo a second operation, intraoperative RFA 
was an alternative method to ablate the contralateral 
benign thyroid nodule. Thus, hemithyroidectomy with 
intraoperative RFA was proposed to decrease the inci-
dence of hypocalcemia and RLN injury, relieving the anx-
iety of disease progression.

In the present study, the findings revealed that the 
total thyroidectomy group had a higher rate of transient 
hypocalcemia than the total thyroidectomy group (7.8% 
vs. 2.6%, p = 0.022). Transient hypocalcemia occurred in 
five (2.6%) patients undergoing hemithyroidectomy with 
RFA. This might have resulted from RFA damage to the 
parathyroid gland, and the calcium value recovered within 
three months. The hemithyroidectomy with intraopera-
tive RFA group contained three patients who underwent 
completion thyroidectomy because of the recurrence of 
the contralateral primary nodule. However, the risk of thy-
roid cancer recurrence and the need for a second surgery 
impacted patients’ preference for treatment options. For 
unilateral PTC patients with a normal contralateral lobe 
treated with lobectomy, the rate of complete thyroidecto-
mies was 9.7%. The rate of contralateral cancer was 4.1%, 
with a mean follow-up of 6.8  years [23]. Compared with 
the 10% completion thyroidectomy followed by lobectomy, 
2.1% of patients in the hemithyroidectomy with intraop-
erative RFA group underwent completion thyroidectomy.

Hypothyroidism requiring thyroid hormone replace-
ment occurs in 10% to 48% of patients after lobectomy 
[24]. Suppose exogenous hormone supplementation was 
not adequate for any reason. In that case, the residual 
thyroid lobe could still produce some thyroid hormone, 

unlike patients after total thyroidectomy, who were com-
pletely dependent on exogenous hormone intake as the 
only source of thyroid hormone. In the present study, 54 
patients (28.3%) in the hemithyroidectomy with intraop-
erative RFA group did not require supplemental levothy-
roxine while under surveillance.

There were several limitations in the propensity score 
matching study. First, it was a prospective study and ret-
rospective review. To eliminate the bias of age, sex, and 
tumor volume, we utilized propensity score matching 
to compare the two groups. However, there still exists a 
significant risk for selection bias. The group that under-
went total thyroidectomy could have had higher clinical 
suspicion of contralateral disease. Conversely, the group 
undergoing hemithyroidectomy with RFA could have had 
lower clinical suspicion of disease. Second, the median 
follow-up was 4.1 years, and the incidence of recurrence 
might be underestimated. The recurrence between the 
two groups might have no significant difference with a 
longer follow-up in reference to the comparison between 
lobectomy and total thyroidectomy. Appropriate patient 
education, including thorough decision aids regard-
ing the clinical significance or insignificance of a given 
finding, would be a better pathway than reducing the 
patient’s anxiety.

Conclusions
In conclusion, while unilateral PTC patients with con-
tralateral benign nodules were anxious about a malignant 
change and wished to get rid of the lesion, intraoperative 
RFA could be applied to treat the contralateral nodule 
according to the patients’ wishes. This treatment strategy 
helps patients relieve anxiety and decrease the risks of 
complications from total thyroidectomy.

Abbreviations
PTC: Papillary thyroid carcinoma; RFA: Radiofrequency ablation; HTRFA: 
Hemithyroidectomy with intraoperative RFA; HADS: Hospital anxiety and 
depression scale; FNAC: Fine-needle aspiration cytology; TSH: Thyroid stimulat-
ing hormone; VCP: Vocal cord paralysis.

Acknowledgements
The authors thank the studied patients for their willingness to cooperate with 
our study.

Author contributions
GW: conceptualization, methodology, investigation and supervision. QY: 
methodology, investigation, writing and editing. LZ: investigation, data 
curation and manuscript preparation. JH: investigation and data curation. RZ: 
investigation, data analysis and manuscript editing. GX: data curation and 
analysis, quality control of data and algorithms. CL: data curation and analysis. 
All authors are read and approved by the final manuscript.

Funding
The authors have no support or funding to report.

Availability of data and materials
Not applicable.



Page 8 of 8Yuan et al. Journal of Otolaryngology - Head & Neck Surgery           (2022) 51:26 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
This research was comprised of human participants and was approved by 
Medical Ethics Committee of Wuhan University Zhongnan Hospital. Informed 
consent was obtained from all individual participants included in the study. 
The authors are accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work are appropri-
ately investigated and resolved.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 August 2021   Accepted: 20 April 2022

References
 1. Kim J, Gosnell JE, Roman SA. Geographic influences in the global rise of 

thyroid cancer. Nat Rev Endocrinol. 2020;16(1):17–29.
 2. Roman BR, Morris LG, Davies L. The thyroid cancer epidemic, 2017 per-

spective. Curr Opin Endocrinol Diabetes Obes. 2017;24(5):332–6.
 3. Ritter A, Bachar G, Hirsch D, Benbassat C, Katz O, Kochen N, et al. Natural 

history of contralateral nodules after lobectomy in patients with papillary 
thyroid carcinoma. J Clin Endocrinol Metab. 2018;103(2):407–14.

 4. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov 
YE, et al. 2015 American thyroid association management guidelines for 
adult patients with thyroid nodules and differentiated thyroid cancer: The 
American thyroid association guidelines task force on thyroid nodules 
and differentiated thyroid cancer. Thyroid. 2016;26(1):1–133.

 5. Padur AA, Kumar N, Guru A, Badagabettu SN, Shanthakumar SR, Viru-
pakshamurthy MB, et al. Safety and effectiveness of total thyroidectomy 
and its comparison with subtotal thyroidectomy and other thyroid 
surgeries: A systematic review. J Thyroid Res. 2016;2016:1–6.

 6. Choi Y, Jung SL. Efficacy and safety of thermal ablation techniques for 
the treatment of primary papillary thyroid microcarcinoma: a systematic 
review and meta-analysis. Thyroid. 2020;30(5):720–31.

 7. Korkusuz Y, Gröner D, Raczynski N, Relin O, Kingeter Y, Grünwald F, et al. 
Thermal ablation of thyroid nodules: are radiofrequency ablation, micro-
wave ablation and high intensity focused ultrasound equally safe and 
effective methods? Eur Radiol. 2018;28(3):929–35.

 8. Mainini AP, Monaco C, Pescatori LC, De Angelis C, Sardanelli F, Sconfienza 
LM, et al. Image-guided thermal ablation of benign thyroid nodules. J 
Ultrasound. 2017;20(1):11–22.

 9. Kim YS, Rhim H, Tae K, Park DW, Kim ST. Radiofrequency ablation 
of benign cold thyroid nodules: initial clinical experience. Thyroid. 
2006;16(4):361–7.

 10. Kim C, Lee JH, Choi YJ, Kim WB, Sung TY, Baek JH. Complications 
encountered in ultrasonography-guided radiofrequency ablation 
of benign thyroid nodules and recurrent thyroid cancers. Eur Radiol. 
2017;27(8):3128–37.

 11. Jeong WK, Baek JH, Rhim H, Kim YS, Kwak MS, Jeong HJ, et al. Radiofre-
quency ablation of benign thyroid nodules: safety and imaging follow-up 
in 236 patients. Eur Radiol. 2008;18(6):1244–50.

 12. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
psychiatr scand. 1983;165:8–15.

 13. Wu G, Kong D. Thyroidectomy with Wu Gaosong’s procedure. VideoEndo-
crinologr. 2015. https:// doi. org/ 10. 1089/ ve. 2015. 0050.

 14. Yuan Q, Wu G, Hou J, Liao X, Liao Y, Chiang F. Correlation between elec-
trophysiological changes and outcomes of vocal cord function in 1764 
recurrent laryngeal nerves with visual integrity during thyroidectomy. 
Thyroid. 2020;30(5):739–45.

 15. Wu G, Wang K. Intraoperative neuromonitoring and protection of the 
superior laryngeal nerve with Wu gaosong’s procedure. VideoEndocrinol-
ogy. 2016. https:// doi. org/ 10. 1089/ ve. 2016. 0070.

 16. Kong D, Cui Q, Gaosong Wu. A novel classification of parathyroid glands 
and their preservation in thyroidectomy. VideoEndocrinology. 2017. 
https:// doi. org/ 10. 1089/ ve. 2017. 0093.

 17. Yuan Q, Hou J, Liao Y, Zheng L, Lu F, Wang K, et al. Lymph node metastasis 
in suprasternal space and intra-infrahyoid strap muscle space from papil-
lary thyroid carcinoma. J Otolaryngol- Head N. 2020;49(1):64–71.

 18. Yuan Q, Hou J, Liao Y, Zheng L, Wang K, Wu G. Selective vagus-recurrent 
laryngeal nerve anastomosis in thyroidectomy with cancer invasion or 
iatrogenic transection. Langenbecks Arch Surg. 2020;405(4):461–8.

 19. Yue W, Wang S, Wang B, Xu Q, Yu S, Yonglin Z, et al. Ultrasound guided 
percutaneous microwave ablation of benign thyroid nodules: Safety and 
imaging follow-up in 222 patients. Eur J Radiol. 2013;82(1):e11–6.

 20. Orloff LA, Wiseman SM, Bernet VJ, Fahey TJ, Shaha AR, Shindo ML, et al. 
American thyroid association statement on postoperative hypopar-
athyroidism: diagnosis, prevention, and management in adults. Thyroid. 
2018;28(7):830–41.

 21. Vargas-Pinto S, Romero Arenas MA. Lobectomy compared to total 
thyroidectomy for low-risk papillary thyroid cancer: A systematic review. J 
Surg Res. 2019;242:244–51.

 22. Ahmadi S, Gonzalez JM, Talbott M, Reed SD, Yang J, Scheri RP, et al. 
Patient preferences around extent of surgery in low-risk thyroid cancer: A 
discrete choice experiment. Thyroid. 2020;30(7):1044–52.

 23. Vaisman F, Shaha A, Fish S, Michael TR. Initial therapy with either thyroid 
lobectomy or total thyroidectomy without radioactive iodine remnant 
ablation is associated with very low rates of structural disease recurrence 
in properly selected patients with differentiated thyroid cancer. Clin 
Endocrinol. 2011;75(1):112–9.

 24. Cox C, Bosley M, Southerland LB, Ahmadi S, Perkins J, Roman S, et al. 
Lobectomy for treatment of differentiated thyroid cancer: can patients 
avoid postoperative thyroid hormone supplementation and be 
compliant with the American Thyroid Association guidelines? Surgery. 
2018;163(1):75–80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1089/ve.2015.0050
https://doi.org/10.1089/ve.2016.0070
https://doi.org/10.1089/ve.2017.0093

	Total thyroidectomy versus hemithyroidectomy with intraoperative radiofrequency ablation for unilateral thyroid cancer with contralateral nodules: A propensity score matching study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Thyroidectomy
	Hemithyroidectomy with intraoperative RFA
	Complications
	Statistical analysis

	Results
	Patients
	Changes in benign thyroid nodules in the study group
	Complications
	Postoperative supplemental levothyroxine therapy
	Disease recurrence

	Discussion
	Conclusions
	Acknowledgements
	References


