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Abstract

Keywords

Background: Recurrent and persistent secondary hyperparathyroidism (SHPT) nodules have an
incidence of 10–70% after surgery. The treatment of recurrent and persistent SHPT nodules is a
challenge, and surgical resection of difficult-to-reach or post-operative adhesions often fails.
Purpose: The aim of this research was to study the safety and effectiveness of microwave
ablation (MWA) for recurrent and persistent SHPT. Materials and methods: This was a
retrospective study of 11 patients enrolled with a total of 16 nodules, and MWA was employed
to manage SHPT. The laboratory test results, including the intact parathyroid hormone (iPTH),
serum calcium, phosphorus and alkaline phosphatase (ALP) levels, improvement of SHPTrelated symptoms after ablation, and complications during and after MWA were recorded and
analysed. Results: After ablation the value of iPTH was markedly decreased from 1570 ± 1765 pg/mL
to 287 ± 239 pg/mL 1 day after MWA (p50.05). The levels of serum calcium and phosphorus
decreased from 2.51 ± 0.23 mmol/L to 2.06 ± 0.27 mmol/L (p50.001) and 1.80 ± 0.43 mmol/L to
1.48 ± 0.32 mmol/L (p50.05), respectively, 1 day after MWA. There was no significant difference in
the ALP value before and after MWA (p40.05). The clinical symptoms, including ostalgia, pruritus,
disability, and restless legs, improved after MWA. Minor complications and side effects encountered
during or after MWA include haematoma (1/11, 9%), transient hoarseness (2/11, 18.2%),
hypocalcemia (6/11, 54.5%). No major complication occurred. Conclusion: MWA may be safe and
effective to manage recurrent and persistent SHPT nodules; a definite conclusion needs to expand
the sample size with a longer follow-up time.

Microwave ablation, recurrence, secondary
hyperparathyroidism

Introduction
Secondary hyperparathyroidism (SHPT) induces renal osteodystrophy – one of the major complications in patients with
end-stage renal disease (ESRD). Medical therapy alone often
fails to successfully manage SHPT mainly because of
contraindications of drug treatment, medication intolerance
and non-compliance. Currently, some of these patients still
require surgical parathyroidectomy [1–4]. Thus far, surgeons
have debated over the merits of two types of parathyroidectomy: subtotal parathyroidectomy or total parathyroidectomy
plus autotransplantation. However, Richards et al. [5] showed
that both procedures had similar rates of recurrent or
persistent SHPT. In addition, re-operation of recurrent
SHPT is an invasive procedure with an increased incidence
of failures and complications because of the limitations in
re-operative localisation, inadequate exploration, and postoperative adhesion [5–7]. Therefore, new treatment modalities for recurrent and persistent SHPT are needed.
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Radiofrequency ablation (RFA), laser therapy, high-intensity focused ultrasound (HIFU) and percutaneous ethanol
injection (PEI), as minimally invasive procedures, have been
recently proposed to manage hyperparathyroidism in sporadic
cases [6–10]. PEI guided by ultrasound has been employed to
manage recurrent and persistent SHPT, with success rates of
50–91.8% [8–11]. However, the promising results of PEI
mostly rely on the volume and number of SHPT nodules and
multiple sessions for every nodule [11–13]. Although RFA was
safe and effective for treating hyperparathyroidism in case
reports [14,15], most of the studies provided an indeterminable
clinical outcome when laser therapy or HIFU was applied to
treat hyperparathyroidism [16,17]. Thus, clinical experience
concerning these techniques is limited [16].
Microwave ablation (MWA), a thermal ablation technique,
has been successfully applied to the treatment of benign
thyroid nodules [18,19]. No report concerning MWA for
recurrent and persistent SHPT nodules has been published to
date. In our group, MWA has been applied to treat recurrent
and persistent SHPT nodules in patients with ESRD. The aim
of the present study was to summarise the feasibility, safety
and efficacy of MWA in patients with recurrent and persistent
SHPT.
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Table 1. The baseline of patients with recurrent and persistent SHPT.
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Item
Gender (male/female)
Age (years)
Underlying nephropathy causes
Nephritis
Drug-induced renal damage
Hypertension
Hyperpyrexia
History of treatment
Drug therapy
Parathyroidectomy (times/no. of cases)
Renal transplant cases
CKD-associated complications
Tendon rupture
Anaemia
Hypertension
Hyperparathyroidism
Persistent cases
Recurrent cases
Symptom
Ostalgia
Pruritus
Myasthenia
Restless legs
Dialysis time (years)
Haemodialysis cases
Non-dialysis cases
Co-morbidity
Diabetes cases
Coronary disease cases
Follow-up (months)

Table 2. The conditions of nodules and parameters of MWA in 11
patients with recurrent and persistent SHPT.

Parameters
3/8
34–69 (51.3 ± 11)
7/11
2/11
1/11
1/11

(63.6%)
(18.2%)
(9.1%)
(9.1%)

11/11 (100%)
1/8, 2/2, 3/1
2/11 (18.2%)
3/11 (27.3%)
3/11 (27.3%)
7/11 (63.6%)
3/11 (27.3%)
8/11 (72.7%)
9/11 (81.8%)
7/11 (63.6%)
8/11 (72.7%)
4/11 (36.4%)
4–20 (10.6 ± 5)
10/11 (90.9%)
1/11 (9.1%)
0
4/11 (36.4%)
4–12 (6.8 ± 2.4)

Materials and methods
General clinical data
This was a retrospective study. A total of 11 patients,
including seven with recurrent SHPT and four with persistent
SHPT, agreed to undergo MWA between 1 March 2014 and
31 January 2015 at the Interventional Ultrasound Centre,
China-Japan Friendship Hospital, China. The baseline clinical
characteristics, operation history, parameters of nodules and
results of laboratory tests before MWA in 11 patients are
shown in Tables 1, 2 and 3, respectively. The study was
approved by our institutional review board, and informed
consent for the treatment was obtained from all of the patients
before each procedure.
Definition of recurrent and persistent HPT
In patients with recurrent SHPT, the intact parathyroid
hormone (iPTH) level was lower than 300 pg/mL within 6
months after operation, and became elevated again more than
6 months post-operatively. In patients with persistent SHPT,
the lowest iPTH level remained higher than 300 pg/mL after
operation [11].
Inclusion criteria
Patients assigned to undergo MWA for recurrent SHPT were
required to meet the following criteria: 1) a clear history of
ESRD with SHPT and medication intolerance, 2) a value of
iPTH more than 600 pg/mL before MWA; 3) at least one
enlarged possible recurrent and persistent SHPT nodule with
a maximum diameter40.6 cm, as disclosed by ultrasound and

Item
Nodule in ultrasound
Total nodule number
Number of nodules/cases
Maximum diameter (cm)
Position
Normal position
Ectopic
CDFI inside nodule
Blood signal
Non-blood signal
Pre-operative CEUS
Uniformity hyper-enhancement
Non-uniform hyper-enhancement
Ablation
Space fluid injection
Total ablation time in s/nodule
Number of ablation units/nodules
Post-operative CEUS
Complete ablation
Major complication
Minor complication or side effects
Intraoperative pain
Haematoma
Transient hoarseness
Hypocalcaemia

Parameters
16
1/8, 2/1, 3/2
0.8–1.9 (1.3 ± 0.3)
10/16 (62.5%)
6/16 (37.5%)
10/16 (62.5%)
6/16 (37.5%)
9/16 (56.3%)
7/16 (43.8%)
16/16 (100%)
147–484 (305 ± 131)
4–8 (4.8 ± 1.3)
16/16 (100%)
0
9/11
1/11
3/11
9/11

(81.8%)
(9.1%)
(27.3%)
(81.8%)

accessible to MWA treatment –no critical structure such as a
major blood vessel, nerve, or the oesophagus in the needle
path, 4) a 99mTc sestamibi (MIBI) scan showing that the
nodule had radionuclide concentration in both the early
and delayed phases, 5) for patients with voice change
following previous parathyroidectomy, no recurrent laryngeal
nerve injury confirmed by laryngoscopy, 6) a prothrombin
time less than 25 s, prothrombin activity higher than 40%,
and a platelet count more than 40  109 cells/L, 7) no
intractable coexisting morbidity, such as cardiac insufficiency
or hypertension.
Preoperative examination and preparation
Ultrasonography in combination with MIBI is performed to
locate recurrent and persistent SHPT nodules [20–22].
Ultrasonographic examination was performed using realtime colour Doppler sonography with a 10.0-MHz transducer
(Aplio 500, Toshiba, Tokyo, Japan). Ultrasonography was
used primarily to locate and characterise suspected SHPT
nodules and evaluate the surrounding anatomical structures.
Contrast-enhanced ultrasound (CEUS) (Sonovue, Bracco,
Milan, Italy) was applied to evaluate the characteristics of
enhancement for guiding the distribution of ablation energy.
The MIBI scan (SymbiaT2; Siemens, Munich, Germany) was
conducted prior to the ablation procedure (Figure 1C) for its
high sensitivity (85%) and specificity (100%) in the diagnosis
of SHPT [23].
Procedure
MWA was performed in an inpatient regimen by a welltrained, experienced radiologist. Before ablation, intravenous
access was obtained via an antecubital vein. Patients were
placed in the supine position with the neck extended. After the
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Table 3. The comparative results of various test parameters between before and after MWA in patients with recurrent and persistent SHPT.

Pre-MWA
1 day after MWA
End of follow-up

iPTH (15–88 pg/mL)

Calcium (2.03–2.54 mmol/L)

Phosphorus (0.97–1.62 mmol/L)

ALP (45–125 U/L)

651–6800 (1570 ± 1765)
17.5–665 (287 ± 239)
21–1500 (419 ± 438)

2.1–2.79 (2.51 ± 0.23)
1.58–2.48 (2.06 ± 0.27)
2.1–2.7 (2.32 ± 0.15)

0.8–2.49 (1.80 ± 0.43)
1–2.08 (1.48 ± 0.32)
1–2.2 (1.32 ± 0.37)

81–2019 (384 ± 566)
86–1869 (361 ± 523)
70–1500 (310 ± 417)

p value
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Pre-MWA vs 1 day after
Pre vs end
1 day after vs end

0.030
0.021
0.219

neck was sterilised, local anaesthesia with 2% lidocaine
hydrochloride was performed. Next, a lidocaine and normal
saline mixture (1:3, 20 mL) was injected into the area around
the hyperplasia nodule for heat insulation, nerve isolation, and
local anaesthesia [14], even in the case of adhesion and
uneven dispersion. We used a microwave generator and a 17gauge internally cooled antenna with a 0.4-cm tip (Intelligent
Basic Microwave Tumour Ablation System; Nanjing ECO
Microwave System, Nanjing, China). The antenna was
freehandedly inserted into the parathyroid nodule under
ultrasound guidance using a 10-MHz linear probe. Before
each ablation the needle tip was displayed by ultrasound to
ensure that it was located inside the nodule. Because nodules
are usually small with a maximum diameter of about 1 cm, the
needle tip was held in a quiescent state for 15–25 s for every
microwave radiation session with a power of 25 W, and the
repeat radiation was performed two to four times with 5-s
intervals to prevent heat injury to surrounding critical
structures [24]. After ablation in one unit, the antenna was
inserted into another unit to continue ablation. The power was
suspended if patients could not tolerate the pain during
ablation. Ablation was terminated when transient hyperechoic
zones could be identified inside the whole nodule. CEUS was
applied 30 min later to evaluate the complete ablation of the
parathyroid gland [25]. If the non-enhanced zone covered the
ablated nodule, complete ablation was achieved; if there was
nodular enhancement inside the nodule, a follow-up ablation
would be performed immediately.
During the procedure, an anaesthetist assisted to manage
agonising pain, vasovagal reaction, or tracheal stenosis caused
by uncontrollable haematoma. The total ablation time was
recorded.
At the end of the procedure, mild compression with bagged
normal saline at 4  C was applied to the site of the needle path
for 20 min. All patients remained under observation for 2 h to
monitor the occurrence of complications.
Follow-up
Ultrasound was performed at 2 and 24 h after ablation for
possible haematoma or other complications, and then at 3month intervals for 1 year. Major and minor complications
were those defined by the Society of Interventional Radiology
[26]. The iPTH, serum calcium, phosphorus and alkaline
phosphatase (ALP) levels were measured at 1 and 7 days, as
well as 1, 3, 6, 9, and 12 months after ablation. SHPT-related
symptoms were recorded and analysed 1–2 days before and 1
month after MWA using a questionnaire.

0.002
0.015
0.019

0.011
0.011
0.225

0.190
0.135
0.153

Statistical analysis
The data were analysed by SPSS version 17.0. Baseline data
were expressed as mean ± SD. The distribution of the data
was tested by the Kolmogorov-Smirnov test. One-way
repeated measures analysis of variance (ANOVA) was used
to determine differences among values of iPTH, calcium,
phosphate and ALP before, 1 day after MWA, and at the end
of follow-up. The level of statistical significance was set at
p50.05. The assumption of sphericity was assessed by the
test of sphericity; any violations were adjusted for by using
the Greenhouse–Geisser correction.

Results
Microwave ablation
Sixteen hyperparathyroidism nodules (eight patients with one
nodule each, one patient with two nodules, and two patients
with three nodules each) in 11 patients matching the inclusion
criteria were treated by MWA in 11 sessions (Table 2). All 16
nodules had radioactivity concentration in the early and late
phases on MIBI scans (Figure 1A, C, D) and hyperenhancement in the artery phase on pre-ablation CEUS
(Figure 1B). Detailed information regarding nodule parameters, individual energy doses, the number of ablation units,
and side effects in the 11 patients is reported in Table 2. The
ablation time was 147–484 s (mean 305 ± 131 s) in a single
nodule, and the ablation units were 4–8 (mean 4.8 ± 1.3)
(Figure 1E). After ablation all of the nodules showed nonenhancement in CEUS, representing complete ablation
(Figure 1F). One haematoma occurred during ablation, and
2 U haemocoagulase atrox (Penglai Nuokang Pharmaceutical,
Shandong, China) was intravenously injected immediately.
The hematoma had not increased in size 5 min later, so the
ablation was continued. The haematoma was absorbed 7 days
after MWA according to ultrasound examination. Transient
mild to moderate pain was encountered in nine patients during
ablation, but spontaneous remission occurred after ablation
was suspended. No other side effect was encountered during
ablation.
Change in laboratory test results after MWA
Detailed data regarding serum iPTH, serum calcium, phosphate and ALP levels before MWA, 1 day after MWA and at
the end of follow-up are reported in Table 3. Before MWA,
the mean value of iPTH in 11 patients was 1570 pg/mL (range
651–6800 pg/mL), which markedly decreased to 287 pg/mL
(range 17.5–665 pg/mL) 1 day after MWA (p50.05), and
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Figure 1. A 55-year-old female patient with a recurrent and ectopic SHPT nodule in the suprasternal fossa 3 years after parathyroidectomy that was
treated by microwave ablation (MWA). (A) A hypoechoic nodule (thin arrow) without a blood signal beside the carotid artery (thick arrow) was
disclosed by ultrasound. (B) A uniform hyper-enhancement of the nodule (thin arrow) beside the carotid artery (thick arrow) was displayed in CEUS
pre-ablation. (C) The CT scan showed that the nodule is in the suprasternal fossa (thin arrow). (D) The nodule has radioactivity concentration (black
arrow) in the late phase on MIBI scan. (E) The hyperechoic signal emerging inside the nodule (thin arrow) beside the carotid artery (thick arrow) during
ablation. (F) A non-enhancement area covered the nodule (thin arrow) beside the carotid artery (thick arrow) after MWA, suggesting complete ablation
was achieved by MWA.

419 pg/mL (range:21–1500 pg/mL) at the end of follow-up
(p50.05). It is worth noting that nine patients (81.8%)
demonstrated iPTH values in the range recommended by the
recent Kidney Disease-Improving Global Outcomes Chronic
Kidney Disease – Mineral and Bone Disorder (KDIGO CKDMBD) Work Group guidelines (600 pg/mL) at the end of
follow-up [4], and six patients (54.5%) had iPTH values less
than 300 pg/mL, which was within the standard for successful
treatment according to a prior report [11]. Similar results
were achieved for serum calcium levels, which were
2.51 ± 0.23 mmol/L before MWA, 2.06 ± 0.27 mmol/L 1 day
after MWA and 2.32 ± 0.15 mmol/L at the end of follow-up;
the decreased levels post-ablation were statistically significant
(p50.01 and p50.05, respectively). On further analysis four
patients had hypercalcaemia before MWA (4/11, 36.4%), six
patients had hypocalcaemia 1 day after MWA (6/11, 54.5%),
and only one patient had hypercalcaemia at the end of followup; most patients (90.9%) had calcium values in the normal
range at the end of follow-up. A continuing trend downwards
after MWA could be observed in the phosphorus levels, which
were 1.80 ± 0.43 mmol/L before MWA, 1.48 ± 0.32 mmol/L 1
day after MWA, and 1.32 ± 0.37 mmol/L at the end of followup (p50.05 and p50.05 for decreased levels post-ablation).
In addition, hyperphosphataemia occurred in nine patients
(81.8%) before MWA, four patients (36.4%) 1 day after
MWA, and two patients (18.2%) at the end of follow-up.
There were no significant differences in ALP values before
and after MWA (p40.05).
Drug therapy against SHPT before and after MWA
Before ablation nine of eleven patients had taken medication
for high iPTH levels or hypercalcaemia (Table 4). After MWA

eight patients still required drugs and the rest of the patients
had normal blood calcium levels without medical intervention. The doses of the medicines taken by patients before and
after MWA were adjusted based on the iPTH, calcium and
phosphate levels. For hypocalcaemia just after MWA,
calcitriol at 0.5 mg BID combined with calcium carbonate at
2.25 g TID were given for a blood calcium concentration of
41.8 mmol/L, while a high-calcium dialysate with 1.75 mmol/L
was added for a blood calcium concentration of  1.8 mmol/L.
The rate of hypercalcaemia decreased from 36.4% to 9.1% at
the end of follow-up. Before MWA, three patients took
medication to correct hyperphosphataemia, but one still had
hyperphosphataemia. After MWA two patients (66.7%) had
phosphate values in the normal range without taking medication, and one other (33.3%) still had hyperphosphatemia.
Fortunately, five of six patients (83.3%) who could not afford
the drug for hyperphosphataemia before ablation had a
normal range of phosphataemia without drug intervention at
the end of follow-up.
Improvement in SHPT-related symptoms after MWA
There is a clear improvement in symptoms related to SHPT
after MWA according to follow-up (Table 5). Ostalgia, the
most common symptom, occurred in 9 of 11 patients (81.8%)
before MWA, but the symptom has disappeared in four
patients (44.4%), obviously remitted in four cases (44.4%) and
non-improved in one case (11.1%) after MWA. Seven patients
(63.6%) had symptoms of pruritus before MWA, which went
into remission in two patients (28.6%) and disappeared in five
patients (71.4%). Eight patients had a myasthaenia before
MWA, three patients (37.5%) had distinct remission, and five
patients (62.5%) showed complete recovery after MWA.
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Table 4. Medication details for treatment of SHPT patients prior to microwave ablation (MWA) and afterwards.
Medication
Patient
1
2
3
4
5
6
7
8
9
10
11

Prior to MWA

Post-MWA

Calcium acetate, Rocaltrol
Calcium acetate, lanthanum carbonate
No
Lanthanum carbonate
Rocaltrol, calcium carbonate
Rocaltrol, calcium carbonate
Rocaltrol, calcitonin
Alpha D3, calcium carbonate
Rocaltrol
Calcium carbonate, lanthanum carbonate
Cinacalcet

Calcium acetate
Calcium acetate, alphacalcidol
Calcium carbonate, Rocaltrol
No
Rocaltrol, calcium carbonate
Rocaltrol, calcium carbonate
Rocaltrol, niacin
Alpha D3, calcium carbonate
Rocaltrol
Calcium carbonate, lanthanum carbonate, Rocaltrol
No

Table 5. The improvement of hyperparathyroidism-related symptoms in patients with recurrent and persistent SHPT before and after MWA.
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Post-MWA

Hypertension (cases)
Ostalgia (cases)
Pruritus (cases)
Myasthaenia (cases)
Restless legs (cases)

Pre-MWA

Non-improvement

Improvement

7
9
7
8
4

5 (71.4%)
1 (11.1%)
0
0
0

0
4 (44.4%)
2 (28.6%)
3 (37.5%)
0

Restless legs occurred in four patients (36.4%) before MWA,
and all had disappearance of symptoms after MWA (100%).
Coexistent hypertension related to SHPT occurred in seven
patients (63.6) before MWA; however, two patients (28.6%)
fully recovered without medical intervention, and the other
five patients (71.4%) showed no change.
MWA-related complications
One haematoma occurred during ablation and was successfully managed with haemostatics (9.1%). Transient hoarseness
was encountered in two patients (18.2%), and hypocalcaemia
occurred in six patients after MWA (54.5%); all were rapidly
corrected with calcium supplements. No other complication
was reported during the follow up of 4–12 months (6.8 ± 2.4
months).

Discussion
Subtotal and total parathyroidectomy with forearm autograft
offers a higher cure rate for SHPT than all other medical and
surgical treatments. However, recurrent hyperparathyroidism
can be observed in 10–70% of patients with SHPT and in
5–10% of those with primary hyperparathyroidism (PHPT)
depending on the follow-up time [27–29]. The most common
reasons for failed parathyroid surgery are lack of experience
in parathyroidectomy, unrecognised multiglandular disease,
ectopic localisation of parathyroid adenoma, inadequate
extent of parathyroid tissue resection, parathyroid capsule
rupture causing parathyromatosis, or (rarely) parathyroid
cancer [30]. Nawrot et al. have reported that the missed
hyperfunctioning parathyroid gland was found on reoperation
in the eutopic position in 55.5% of patients, and in the ectopic
position in 44.3% of patients [30], compared with 62.5% and

Disappearance
2
4
5
5
4

(28.6%)
(44.4%)
(71.4%)
(62.5%)
(100%)

37.5%, respectively, in the present study. Reoperations for
persistent or recurrent hyperparathyroidism compared with
the initial operations are associated with higher complication
rates [6,31]. Moreover, co-morbidities and the high surgical
anaesthetic risk might contraindicate parathyroidectomy in
some elderly patients. Finally, many patients with few or no
symptoms refuse surgery. This explains the considerable
interest in identifying therapeutic alternatives to surgery [16].
The present pilot study enrolled 11 cases, representing the
first experience with the MWA technique in patients with
recurrent and persistent SHPT. Eleven sessions were applied
to successfully manage 16 hyperplastic parathyroid nodules
which did not need further sessions for the same nodule –
usually one nodule requires more than one session for PEI,
HIFU or laser ablation of hyperparathyroidism [11,16,17].
Our report illustrates the potential benefits of this method in
the setting of recurrent and persistent SHPT. A marked
decrease in serum iPTH was achieved in all 11 patients 1 day
after MWA. At the end of follow-up, most patients (81.8%) had
iPTH reduced to the iPTH range recommended by the recent
KDIGO CKD–MBD guideline [4]. However, 50% of patients
had an iPTH value less than 300 pg/mL at the end of follow-up,
this percentage is lower than that of 91.8% reported by a prior
study in which PEI therapy (PEIT) was applied to manage
recurrent SHPT. But the reported PEIT procedure requires
three to five injections at 7-day intervals for each nodule [11],
which is more complicated than that of MWA. Concomitantly,
the control of serum calcium was also improved, as demonstrated by the fact that 36.4% of patients had hypercalcaemia
pre-ablation, 54.5% had hypocalcaemia 1 day after ablation and
90.9% were in the normal range at the end of follow-up. By
contrast, among the 50–80% of patients with a normal range of
calcium values after PEIT, laser or HIFU was used to treat
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those with PHPT or SHPT in multiple sessions [16,17,32]. The
results of phosphorus were also encouraging, as evidenced by
the decreasing tendency after MWA. In general, the success
rate in the present study was inferior to the 90–100% of
thoracoscopy of the mediastinal parathyroid glands [33–35]
and 76–95% of open surgery for persistent and recurrent SHPT
[30,36]. However, MWA has a shorter operation time, fewer
complications, and a wider indication than surgery. By contrast
regarding drug therapy, the most promising drug, cinacalcet,
was tentatively used for management of patients with SHPT or
recurrent SHPT. Only 20.3% (26/128) of patients who had
undergone a prior parathyroidectomy and 18.2% (253/1388) of
those who did not, achieved serum PTH and Ca  P values
within the recommended KDOQI(TM) target ranges [28]; these
rates were lower than those in the present study. At the end of
follow-up, various SHPT-related symptoms showed marked
improvement or disappeared in all cases, most likely due to the
optimisation of calcium–phosphorus metabolism following
MWA. These changes in symptoms are beneficial for the
quality of life of patients.
The minor complications and side effects encountered in the
present study include haematoma (9%), transient hoarseness
(18.2%), and hypocalcaemia (54.5%). By contrast, 5–30.6%
transient hoarseness and 40.8% hypocalcaemia were encountered in PEIT of recurrent or persistent SHPT [11,32], and
16.7% transient hoarseness after laser ablation of PHPT [16].
The minor complications or side effects following HIFU
treatment of SHPT include mild subcutaneous oedema (60%),
prolonged vocal cord mobility impairment (40%), prolonged
bitonal voice (20%) and difficulty in swallowing water (20%)
[17]. However, the rates of major complications and mortality in
surgery are 6–21.6% and 1.7% respectively; the major complications include permanent unilateral or bilateral recurrent
laryngeal nerve injury, permanent hypoparathyroidism, wound
infection, post-operative bleeding, and pneumonia [30,34,36,37].
Limitations of our study are the relatively short follow-up
duration and the low number of patients. A definitive
conclusion regarding MWA of recurrent and persistent
SHPT could be reached in a further study involving a greater
number of cases and a longer follow-up duration
In conclusion, MWA as a minimally invasive technique may
be safe and effective for the management of recurrent and
persistent SHPT. A further prospective study enrolling a large
population will be carried out to reach a definitive conclusion.
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