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Microwave ablation: an effective treatment for mild-to-moderate secondary
hyperparathyroidism in patients undergoing haemodialysis

Gang Wanga, Sha Liua, Xu Liua, Linxue Qianb, Zongli Diaoa and Wenhu Liua

aDepartment of Nephrology, Beijing Friendship Hospital, Capital Medical University, Beijing, China; bDepartment of Ultrasound, Beijing
Friendship Hospital, Capital Medical University, Beijing, China

ABSTRACT
Background: Microwave ablation (MWA) is an effective treatment for severe secondary hyperparathyr-
oidism (SHPT), but it can also be used for mild-to-moderate secondary hyperparathyroidism (SHPT).
In this randomised, controlled study, the efficacy of MWA in the treatment of mild-to-moderate
hyperparathyroidism is investigated.
Materials and methods: We assessed outcomes 12months after the randomisation of 28 patients
with mild-to-moderate SHPT. The subjects received either MWA plus calcitriol or calcitriol alone. The
primary end-points were the rate of achieving target levels of intact parathyroid hormone (iPTH),
changes in iPTH levels and the rate of patients developing severe SHPT.
Results: Primary end points: the overall rates of achieving target levels of iPTH were comparable
between the MWA and calcitriol alone groups (24% vs. 22%, p¼ 0.85). However, the rate of iPTH
<150pg/mL (lower limit of the target range) in the MWA group was higher than that in the calcitriol
alone group (23% vs. 8%, p¼ 0.02). The mean iPTH level in the MWA group after MWA was lower than
that in the calcitriol alone group (373.09±322.31 vs. 552.28±361.87pg/mL, p< 0.001). There was a sig-
nificant difference in the change in iPTH levels over time within the MWA group (p< 0.001) but not in
the calcitriol alone group. Only one patient developed severe SHPT in the MWA group, while six
patients in the calcitriol alone group developed severe SHPT (p¼ 0.04).
Conclusions: Compared with calcitriol alone, MWA plus calcitriol decreases iPTH levels and prevents
the progression of mild-to-moderate SHPT.
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Introduction

Secondary hyperparathyroidism (SHPT) is one of the most
common complications experienced by haemodialysis
patients and increases their risk of mortality [1]. The level of
intact parathyroid hormone (iPTH) is the most important
measure of efficacy in the treatment of SHPT, but few
patients achieve target levels. Twenty-nine per cent of
patients in the Dialysis Outcomes and Practice Patterns Study
reached target levels of iPTH levels [2]. In Chinese haemodi-
alysis patients, the incidence was approximately 27% [3].
According to the Kidney Disease Outcomes Quality Initiative
(KDOQI) guidelines, the iPTH range for mild-to-moderate
SHPT is between 300 and 600 pg/mL [4]. The main treatment
modality for mild-to-moderate SHPT is calcitriol, but the level
of control in treated patients is low. More than 21% of
haemodialysis patients still demonstrate uncontrolled mild-
to-moderate SHPT, and more than 64% of SHPT patients
demonstrate mild-to-moderate disease [2]. Therefore, new
treatment methods for mild-to-moderate SHPT must be
developed.

Microwave ablation (MWA) is a minimally invasive tech-
nique that has been used for the treatment of severe SHPT
since 2010 [5] and may also be an effective treatment for

mild-to-moderate SHPT. Both MWA and parathyroidectomy
are used to treat severe SHPT. Compared with parathydoidec-
tomy, MWA appears to offer several advantages. First, MVA
produces little trauma compared to parathyroidectomy. As a
result, in cases of recurrence, MVA can be used to ablate
SHPT repeatedly, while the formation of scar tissue following
parathyroidectomy makes a second surgery more difficult.
Second, a total parathyroidectomy results in very low iPTH
levels, which may lead to adynamic bone disease. However,
since MWA is performed under ultrasound guidance, a por-
tion of residual parathyroid tissue may be preserved, poten-
tially preventing a permanent reduction in levels of iPTH.
In this randomised, controlled, exploratory trial, we study
the efficacy and safety of MWA in cases of mild-to-moderate
SHPT.

Methods

Study design

This was a 12-month, single-centre, prospective, randomised,
controlled, exploratory trial. We compared the efficacy of
MWA plus calcitriol and that of calcitriol alone in patients
with mild-to-moderate SHPT. The patients were randomly
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assigned into MWA and control groups. First, we screened all
patients on chronic haemodialysis by iPTH levels between 1
January 2015 and 31 March 2015 in our Hemodialysis Center.
Patients with iPTH levels of 300–600pg/mL had an ultra-
sound examination of the parathyroid gland. Patients were
eligible for inclusion if parathyroid nodules could be detected
on ultrasound. All patients provided informed consent and
were age-matched (±1 year; 1:1 pairwise matching). If the
patients failed to be matched by age, they were excluded.
Each pair of cases was assigned the number 1 or 2 at ran-
dom using Excel software, and patients with the random
number “1” were allocated to the control group, while
patients with the number “2” were allocated into the MWA
group. In accordance with the KDOQI guidelines, the subjects
in the MWA group were treated with MWA first and later
with calcitriol, while those in the calcitriol group were treated
with calcitriol.

The study was approved by the Institutional Review Board
of Beijing Friendship Hospital, Capital Medical University
(number: BJFH-EC/2014–101) and was in compliance with the
Declaration of Helsinki. This study was registered with
ClinicalTrials.gov (number: NCT02332135).

Study participants

All patients with mild-to-moderate SHPT undergoing haemo-
dialysis in our centre between 1 January 2015 and 31 March
2015 were eligible for this study. We used iPTH levels of
300–800 pg/mL as the criteria for a diagnosing moderate
SHPT in accordance with the KDOQI guidelines.

Inclusion criteria: (1) age: 18–75 years; (2) iPTH levels:
300–800 pg/mL; (3) parathyroid nodules detectable on
ultrasound.

Exclusion criteria: (1) previous parathyroid surgery includ-
ing all ablations; (2) previous treatment with a calcimimetic
within 1month; (3) recent neck surgery within 3 months; (4)
pregnancy or lactation.

Study procedure

A single ultrasound specialist performed the MWA. The
microwave therapy apparatus was a KY2000 ablation system

(Nanjing Kangyou Applied Research Institute, Nanjing, China)
operating at a frequency of 2450MHz and equipped with a
2mm outside diameter antenna with a 5mm tip. The proced-
ure was as follows (Figure 1). First, an ultrasound of the para-
thyroid was performed to determine the blood supply to the
parathyroid nodule and the ablation path. Second, after steri-
lising the neck, local anaesthesia using 2% lidocaine hydro-
chloride was applied. Next, 5mL of 2% lidocaine
hydrochloride was diluted in 15mL of normal saline and
injected into the area around the parathyroid nodule to
develop a heat insulation layer to protect the adjacent nerve
and blood vessel. Third, an ablation needle was inserted into
the parathyroid tissue under ultrasound guidance. Ablation
was subsequently performed. The MWA power used was
between 25 and 35 watts according to the target nodule
size. When hypoechoic signals covered the entire nodule and
no flow signal was detected, ablation was terminated.

Follow-up

Blood samples for serum iPTH, calcium, phosphorus and alka-
line phosphatase were obtained from all subjects at 0 and
2months, and every 2 months thereafter until month 12. In
addition, to monitor the efficacy and safety of MWA, the
patients in the MWA group had an additional blood sample
taken for iPTH levels 1 week following MWA. The follow-up
was discontinued in cases of death or the development of
severe SHPT. The definition of severe SHPT was [4]: persistent
serum levels of iPTH >800 pg/mL associated with hypercal-
caemia and/or hyperphosphataemia that were refractory to
medical therapy for 2 months.

Endpoints

Primary endpoints: (1) the percentage of patients who
achieved target iPTH levels during the study period, (2) the
change in iPTH levels after MWA: a comparison of iPTH levels
after MWA between the two groups and the change over
time of iPTH levels within each group, and (3) the percentage
of subjects who developed severe SHPT.

Secondary endpoints: (1) calcitriol weekly dosage per
patient, (2) overall percentage of patients who achieved

Figure 1. Parathyroid nodule presents a hypoechoic signal before MWA (A). The ablation needle was inserted into the parathyroid nodule under ultrasound sound
guide (B).
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target levels of serum calcium and phosphorus, and (3)
changes in serum calcium and phosphorus after MWA.

Statistical analysis

Data were analysed using the Statistical Package for the
Social Sciences (SPSS version 22.0, Chicago, IL). All continu-
ous variables with a normal distribution are reported as the
means and standard deviations. Variables with a non-normal
distribution are reported as medians and interquartile ranges.
Categorical variables are reported with frequencies.

A paired-sample t-test was used to compare the variables
with a normal distribution between two groups: age, dialysis
age, baseline iPTH level and size of parathyroid nodules. The
Wilcoxon test was used when the distribution was skewed:
follow-up time. Fisher’s exact test was used to compare cat-
egorical variables between the two groups. A mixed linear
model was used to compare iPTH levels between groups and
the change over time in serum iPTH levels within each
group, where group and time were used as the fixed effects
in this model, respectively. Because there was one additional

iPTH examination in the MWA group (1 week after MWA),
iPTH levels at this time point were only used for a statistical
description and not for comparison between the two groups.

Results

Study patients

Of the 314 patients receiving haemodialysis between 1
January 2015 and 31 March 2015 in our Hemodialysis Center,
28 (9%) were enrolled in this study. Additional details are
presented in Figure 2. The clinical baseline data for these 28
subjects are shown in Table 1.

Endpoints

Primary endpoints
(1) The percentage of patients who achieved target levels of
iPTH: there was no significant difference in the overall per-
centage of patients who reached target levels of iPTH
between the MWA and calcitriol alone group (24% vs. 22%,

314 hemodialysis patients
were assessed for eligibility

175 were excluded
33 with iPTH > 800 pg/mL
142 with iPTH < 300 pg/mL

139 hemodialysis patients
with iPTH 30 0 800 pg/mL

62 hemodialysis patients with a
parathyroid detectable using

ultrasound

77 were excluded because their
parathyroid cannot be detected
using ultrasound

14 pairs patients (each pair
underwent radomization)

Matched by age 17 refused to participate
1 cannot be ablated because parathyroid

was too close to carotid artery
16 were excluded because of match fail

14 treated using MWA at first, then
treated according to KDOQI guidelines

14 treated with calcitiol according
to KDOQI guidelines

13 completed study
1 developed severe SHPT, and

follow-up ended early.

8 completed study
6 developed severe SHPT, and

follow-up ended early.

14 were included in the
efficacy analysis

14 were included in the
efficacy analysis

Figure 2. Randomisation and follow-up. Of 314 patients who underwent randomisation, 14 received MWA initially and then were treated according to the KDOQI
guidelines; 14 were treated using calcitriol alone, in accordance with the KDOQI guidelines. In the MWA group, 13 completed the study, and one patient’s follow-
up ended early because of the development of severe SHPT. In the control group, eight patients completed the study, and the follow-up of six patients ended early
because of the development of severe SHPT.
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p¼ 0.85). However, the percentage of patients who reached
iPTH levels <150 pg/mL (lower limit of the target range) in
the MWA group was considerably higher than that in the cal-
citriol alone group (23% vs. 8%, p¼ 0.02).

(2) The change in iPTH levels: the iPTH levels in the MWA
group were higher than that in the calcitriol alone group at
baseline (571.74 ± 186.24 vs. 530.11 ± 144.39 pg/mL; p¼ 0.51),
but this difference did not reach statistical significance. The
mixed model showed that the mean iPTH level of the MWA
group after MWA was lower than that of the calcitriol alone
group (373.09 ± 322.31 vs. 552.28 ± 361.87 pg/mL, p< 0.001;
Figure 3).

There was a significant difference in the change in iPTH
levels over time within the MWA group (p< 0.001).
Compared with the baseline, the iPTH levels of the MWA

group after MWA were lower, and the difference reached sig-
nificance after the four follow-up (months 6, 8, 10, and 12;
p¼ 0.002, 0.014, 0.001 and 0.018, respectively). There was no
significant difference in iPTH levels over time within the calci-
triol alone group (p¼ 0.34).

(3) The percentage of subjects who developed severe
SHPT: only one patient (7%) developed severe SHPT in the
MWA group, and six patients (43%) in the calcitriol alone
group developed severe SHPT (p¼ 0.04).

Secondary endpoints
(1) Calcitriol weekly dosage: the calcitriol weekly dosage for
the MWA group was lower than that for the calcitriol alone
group (1.56 ± 1.49 vs. 4.72 ± 4.72 mg, p¼ 0.03).

Table 1. Clinical baseline data for the study participants.

Control group (N¼ 14) MWA group (N¼ 14) p value

Sex (Male:Female) 6:8 5:9 0.99
Age (years) 55 ± 10.47 54.93 ± 10.69 0.78
Dialysis age (months) 115.57 ± 27.91 116.5 ± 26.87 0.87

Cause of end stage renal disease NA
Chronic glomerulonephritis (%) 7 (50) 6 (43)
Diabetic nephropathy (%) 1 (7) 3 (21)
Hypertensive nephropathy (%) 3 (21) 1 (7)
Drug-induced kidney damage (%) 2 (14) 2 (14)
Autosomal dominant polycystic kidney disease (%) 1 (7) 1 (7)
Unknown (%) 0 1(7)

Serum iPTH level (pg/mL) 530.11 ± 144.39 571.74 ± 186.24 0.51
Number of parathyroid nodules (per patient) 2.07 ± 1.00 2.07 ± 1.00 0.99
Number of parathyroid nodules ablated (per patient) NA 1.79 ± 0.98 NA

Size of parathyroid nodules
Maximum diameter (Interquartile range) (cm) 0.6 (0.5–0.8) 1.25 (0.83–1.6) <0.001
Minimum diameter (Interquartile range) (cm) 0.5 (0.35–0.6) 0.7 (0.6–0.88) <0.001

Location of nodules
Posterior aspect of left lobe of thyroid gland (n) 15 13
Posterior aspect of right lobe of thyroid gland (n) 14 16

Follow time (months) 12 (4–12) 12 (12–12) 0.114

Figure 3. Changes in serum levels of intact parathyroid hormone (iPTH). The levels of iPTH in the microwave ablation (MWA) group (B) were lower than those in
the calcitriol alone group (A). Upper limit of the target range in iPTH (300 pg/mL). Lower limit of the target range in iPTH (150 pg/mL).
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(2) The overall percentage of patient who reached target
levels of serum calcium and phosphorus: the percentage of
patients who achieved target levels of serum calcium in the
MWA group after MWA was higher than that of the calcitriol
alone group (40% vs. 24%, p¼ 0.049). The percentage of sub-
jects who reached target levels of serum phosphorus after
MWA was comparable between the MWA and calcitriol alone
groups (phosphorus: 37% vs. 38%, p¼ 0.99).

(3) Change in serum calcium and phosphorus levels:
there was no significant difference between serum calcium
levels at baseline between the MWA and calcitriol alone

groups (2.45 ± 0.27 vs. 2.58 ± 0.25mmol/L, p¼ 0.25). There
was also no significant difference in serum calcium levels
between the two groups after treatment (calcitriol alone
group 2.50 ± 0.24 vs. MWA group 2.35 ± 0.25mmol/L,
p±0.14; Figure 4).

There was no significant difference in serum phosphorus
levels between the MWA and calcitriol alone groups at base-
line (1.87 ± 0.43 vs. 2.17 ± 0.61mmol/L, p¼ 0.19), and no sig-
nificant difference between them was observed after
treatment (calcitriol alone group: 1.97 ± 0.45 vs. MWA group
1.82 ± 0.46mmol/L, p¼ 0.16; Figure 5).

Figure 4. Changes in serum levels of calcium. The serum levels of calcium in the microwave ablation (MWA) group (B) were lower than those in the calcitriol alone
group (A). Upper limit of the target range in calcium (2.10mmol/L). Lower limit of the target range in calcium (2.38mmol/L).

Figure 5. Changes in serum levels of phosphorus. There was no significant difference in serum phosphorus levels between the MWA (B) and calcitriol alone groups
(A). Upper limit of the target range in phosphorus (1.13mmol/L). Lower limit of the target range in phosphorus (1.78mmol/L).
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Safety

The main complications in the MWA group were recoverable
hypocalcaemia and hoarseness. Three cases presented with
hypocalcaemia and were given oral calcitriol and calcium car-
bonate. Two cases recovered to the normal serum calcium
range at month 4, and the other case recovered at month 8.
Three cases presented with hoarseness: one case recovered
at month 1, the other two cases recovered at month 3.

Discussion

Our results demonstrate that the rate of achieving target lev-
els of iPTH was comparable between the MWA and calcitriol
alone groups, but the iPTH levels of the MWA group were
significantly lower than those of the calcitriol alone group.
Furthermore, the rate at which subjects developed severe
SHPT in the MWA group was significantly lower than in the
calcitriol alone group. In our study, MWA was also a safe pro-
cedure with no serious complications. The only side effects
were hypocalcaemia and hoarseness, both of which resolved.

MWA is a minimally invasive treatment that involves ther-
mal ablation, which causes parathyroid cells to lose their
endocrine functionality. MWA is an effective treatment
modality for severe SHPT. In one retrospective study, iPTH
concentrations decreased from a pre-treatment mean of
1570 pg/mL (651–6800 pg/mL) to 419 pg/mL (21–1500 pg/mL)
at a 12-month follow-up [6]. However, MWA has been used
for SHPT treatment for only 6 years [5], and no comprehen-
sive list of indications for when to use this technique in the
treatment of SHPT has been established to date. Though
MWA is a minimally invasive procedure, it has only been
applied for the same indication as parathyroidectomy,
namely severe SHPT.

However, MWA may also be effective for the treatment of
mild-to-moderate SHPT for the following reasons. First, MWA
does not result in very low iPTH levels. Because MWA is per-
formed under ultrasound guidance, it is difficult to ablate the
parathyroid tissue completely. Since the remaining parathy-
roid tissue still has endocrine functionality, very low iPTH lev-
els rarely occur after MWA [7]. In this study, the iPTH levels
at all follow-ups were higher than 200 pg/mL. Conversely,
total parathyroidectomy, performed though a more popular
surgical method [8–10], can result in very low iPTH levels,
potentially leading to adynamic bone disease. Second, com-
pared with MWA, parathyroidectomy produces a larger area
of trauma. Most importantly, the scar tissue around the para-
thyroid following parathyroidectomy makes a second surgery
more difficult in cases of recurrence. Considerably less scar
tissue is formed with MWA, making it easier to treat recur-
rences with either surgery or repeat MWA. Third, although
the use of MWA for severe SHPT was based on the same
indications recommended for parathyroidectomy, in actuality,
the indications for parathyroidectomy for SHPT are not well
established [11].

The main international guidelines recommend parathyroi-
dectomy in cases of severe SHPT. However, the definition of
severe SHPT varies among the different guidelines. The
KDOQI guidelines define severe SHPT as [4]: persistent serum

levels of iPTH >800 pg/mL, associated with hypercalcaemia
and/or hyperphosphataemia that are refractory to medical
therapy. The Japanese Society for Dialysis Therapy guidelines
define severe SHPT as iPTH levels >500 pg/mL or whole PTH
levels >300 pg/mL [12]. According to the Kidney Disease:
Improving Global Outcomes (KDIGO) guidelines [13], severe
SHPT is defined as patients with SHPT who fail to respond to
medical/pharmacological therapy and have iPTH levels of
more than 600 pg/mL.

There are several limitations in this study. First, the sample
size was small, and the follow-up time was only 12months.
Long-term outcomes should be evaluated in future studies.
Second, only a single practitioner performed the MWA pro-
cedure. Therefore, it is still unclear whether other practi-
tioners can achieve similar results. Multi-centre studies with a
large sample size are needed to verify the efficacy of this
technique. Finally, two other thermal ablations, namely laser
and radiofrequency ablation, were not performed because
MWA was the only ablation technique available to our partic-
ipants in this study. Thermal ablation procedures include
MWA, radiofrequency and laser and are increasingly being
used in the management of various diseases, such as thyroid
nodules [14,15], metastatic lymph nodes in the neck [16,17]
and hyperparathyroidism [18,19]. All three ablations are per-
formed under ultrasound guidance, which reduces complica-
tions [20]. Although MWA is faster than radiofrequency and
laser, it requires significantly higher energy and may result in
more complications. The efficacy of the other ablation techni-
ques may be better than MWA for treating smaller parathy-
roid glands.

In conclusion, MWA produces a significant decrease in
iPTH levels in patients with mild-to-moderate SHPT and pre-
vents the progression to severe SHPT. This study has demon-
strated that MWA is effective for the treatment of mild-to-
moderate SHPT and should be used in clinical settings.
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