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Efficacy of Ultrasound-guided
Radiofrequency Ablation of
Parathyroid Hyperplasia: Single
Session vs. Two-Session for Effect
on Hypocalcemia

Zeng Zeng!, Cheng-Zhong Peng'*, Ji-Bin Liu?, Yi-Wen Li?, Hong-Feng He?, Qiao-Hong Hu?,
Bo Lin3 & Xiao-Gang Shen?

To evaluate safety and efficacy of one- vs. two-session radiofrequency ablation (RFA) of parathyroid
hyperplasia for patients with secondary hyperparathyroidism (SHPT) and to compare the outcome

of both methods on hypocalcemia. Patients with secondary hyperparathyroidism underwent
ultrasound guided RFA of parathyroid hyperplasia. Patients were alternately assigned to either

group 1 (n =28) with RFA of all 4 glands in one session or group 2 (n =28) with RFA of 2 glandsina

first session and other 2 glands in a second session. Serum parathyroid hormone (PTH), calcium,
phosphorus and alkaline phosphatase (ALP) values were measured at a series of time points after RFA.
RFA parameters, including operation duration and ablation time and hospitalization length and cost,
were compared between the two groups. Mean PTH decreased in group 1 from 1865.18 -+ 828.93 pg/
ml to 145.72 +119.27 pg/ml at 1 day after RFA and in group 2 from 2256.64 +1021.72 pg/ml to
1388.13 1 890.15 pg/ml at 1 day after first RFA and to 137.26 + 107.12 pg/ml at 1 day after second RFA.
Group 1's calcium level decreased to 1.79 4 0.31 mmol/L at day 1 after RFA and group 2 decreased to
1.89 4-0.26 mmol/L at day 1 after second session RFA (P < 0.05). Multivariate analysis showed that
hypocalcemia was related to serum ALP. Patients with ALP > 566 U/L had lower calcium compared to
patients with ALP < 566 U/L up to a month after RFA (P < 0.05). Group 1's RFA time and hospitalization
were shorter and had lower cost compared with Group 2. US-guided RFA of parathyroid hyperplasia is
a safe and effective method for treating secondary hyperparathyroidism. Single-session RFA was more
cost-effective and resulted in a shorter hospital stay compared to two sessions. However, patients with
two-session RFA had less hypocalcemia, especially those with high ALP.

Secondary hyperparathyroidism (SHPT) commonly occurs in patients with end stage renal disease (ESRD) when
low calcium levels and high phosphorus levels over time stimulate increased PTH secretion'->. SHPT increases
the risk for osteoporosis and kidney stones, as well as for parathyroid hyperplasia, a condition that can cause
mental abnormalities, renal osteodystrophy;, calcific uremic arteriolopathy, vascular calcification, muscle spasms
and even lead to respiratory or cardiac arrest*.

Treatment for SHPT includes vitamin D sterols, intravenous vitamin D analogs and cinacalcet®'° to improve
biochemical profiles and other surrogate markers!'. Patients with severe SHPT may be candidates for parath-
yroidectomy (PTX), which increases long-term survival and reduces the risk of fracture in ESRD patients'2.
However, hyperparathyroidism recurs in up to 30% of patients treated with PTX due to incomplete excision of all
hyperplasic parathyroid glands'*!%. Meanwhile, PTX can potentially result in permanent hypoparathyroidism if
the parathyroid glands are over-excised".

!Department of Ultrasound, Zhejiang Provincial People’s Hospital, Hangzhou Medical College, Hangzhou, Zhejiang,
China. 2Department of Radiology, Thomas Jefferson University Hospital, Philadelphia, USA. 3Department of
Nephrology, Zhejiang Provincial People’s Hospital, Hangzhou Medical College, Hangzhou, Zhejiang, China. *email:
pcz001@126.com
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Recently, various percutaneous ablation methods have been used in treating patients with hyperparathy-
roidism, including ethanol injection, acetic acid injection', laser ablation'®, high-intensity focused ultrasound
(HIFU) treatment'®, microwave ablation?’~2? and radiofrequency ablation (RFA)*?. Ethanol injection is consid-
ered a minimally invasive treatment for SHPT, but the 1-y recurrence rate is 80% due to incomplete ablation®.
Laser ablation use in parathyroid gland diseases has mainly focused on primary hyperparathyroidism caused by
parathyroid gland adenoma?~*. Meanwhile HIFU is not yet a clinically viable option because the equipment
needed is not widely available. Both microwave ablation and RFA are considered minimally invasive techniques
with similar a principle and mechanism for local tissue coagulation. We have used RFA to treat parathyroid
hyperplasia in patients with SHPT and to reduce serum PTH, calcium, and phosphorus levels. Complications
from RFA, such as nerve injury, hemorrhage, infection, trauma and fever, are fewer and recovery is shorter com-
pared with surgery*.

RFA has been shown to be particularly feasible for optimally treating SHPT patients with chronic kidney
disease (CKD) whose PTH level is > 800 pg/mL>!. In these patients, both under- and over-treatment can result
in serious complications. In SHPT overtreatment, parathyroid gland inhibition can lead to low PTH levels and
cause dynamic bone disease and even increased mortality. However, SHPT undertreatment can allow high PTH
levels to induce a series of systemic disorders related to abnormal mineral metabolism of the bone, which seri-
ously affects quality of life and can be life threatening. Thus, serum PTH levels must be maintained at a reasonable
level for patients with CKD on dialysis**~**. For patients with ESRD, intact PTH levels should be 150-300 pg/
mL, according to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative*. Because of
variability in PTH measurement, the 2009 Kidney Disease Improving Global Outcomes (KDIGO) guidelines
suggested that patients with CKD-Stage 5D should control their PTH levels between 2- and 9-fold of the upper
limit of normal®.

Our previous studies demonstrated that ultrasound (US)-guided RFA of parathyroid hyperplasia is effective
for treating SHPT®. However, the severe hypocalcemia has been critical issues after thermal ablation, which may
be related to the timing and sessions of the treatment. Many complications will occur if in severe hypocalce-
mia, such as neuromuscular irritability, seizures, myocardial dysfunction and pulmonary abnormalities®. Recent
research hypotheses that because of trasnsient severe hypocalcemia, the mortality rate would be higher®”. Thus,
maintaining calcium in a normal level becomes very important. Few studies showed that the preoperative alkaline
phosphatase (ALP) level and the PTH level could be used to predict the calcium level after treatment as well as the
RFA modes™®. The purpose of current study was to evaluate the safety and efficacy of one-session vs. two-session
RFA of parathyroid hyperplasia in patients with SHPT and to compare the effect and outcome of both methods
on hypocalcemia.

Materials and Methods
Patients. This study was approved by the ethical and scientific review board of Zhejiang Provincial People’s
Hospital. Written informed consent was obtained from all patients enrolled in this study. We confirm that all
methods were performed in accordance with the relevant guidelines and regulations. From January 2015 to June
2018, we retrospectively studied 56 patients (22 men, 34 women) who were diagnosed as secondary hyperparath-
yroidism caused by CKD. All 56 patients had dialysis history, including 21 patients with the peritoneal method
and 35 patients with hemodialysis. The inclusion criteria were: (1) PTH > 800 ng/ml; (2) 4 hyperplastic para-
thyroid glands found by ultrasound (Fig. 1); (3) uncontrollable SHPT using medication treatment; and (4) no
severe bleeding disorders, cardiac insufficiency, or uncontrollable hypertension. The exclusion criteria were: (1)
abnormal vocal cord movement by laryngoscopy; (2) abnormal coagulation function tests (prothrombin time >
25seconds, prothrombin activity < 40% and platelet count <100 x 10°/L); (3) refusing RFA by patient; (4) severe
cardiopulmonary dysfunction; and (5) When hoarseness occur after the first session ablation.

Patients were alternately assigned into 2 groups: group 1 (n =28) with RFA of all 4 glands in one session and
group 2 (n=28) with RFA of 2 glands in a first session and 2 glands in a second session 1 week later.

Laboratory tests and follow-up. Al patients’ demography, primary disease, dialysis history, and clinical
symptoms were recorded. Blood tests of PTH, calcium, and phosphorus were conducted 24 hours before RFA,
and on day 1, day 3, 1 week, and 1 month after RFA. Normal ranges were defined as: PTH 11-62 pg/mL, serum
calcium 2.11-2.52mmol/L and serum phosphorous 0.85-1.51 mmol/L. Clinically, serum calcium <1.8 mmol/L
is considered as obviously low calcium, warranting treatment with intravenous calcium supplementation. Thus,
blood calcium <1.8 mmol/L was used as the standard for remarkable low calcium limitation. When blood cal-
cium is lower than 2 mmol/L but higher than 1.8 mmol/L, oral calcium supplementation is given and otherwise,
intravenous calcium will be administered. Previous studies showed that after parathyroidectomy bone resorp-
tion markers decreased significantly after 24 hours while bone formation markers changed minimally***. In this
study, the lowest calcium level on the first day after RFA was used to decide whether hypocalcemia or not in order
to avoid the effect of active calcium supplementation given later. Because alkaline phosphatase (ALP) is a marker
for bone formation and could not change noticeably within 1 to 3 days after RFA, measurement of bone ALP was
performed before RFA and at 1 week and 1 month after RFA.

US-Guided RFA. RFA procedure was performed by single doctor (CZP) with 22 years of experience in inter-
ventional ultrasound and 10 years of experience in RFA treatment of thyroid and parathyroid nodules. Patients
were placed in a supine position with their necks elevated using a pillow under their shoulders. With routine
disinfection and draping as well as 2% lidocaine local anesthesia, US-guided RFA was performed using grey-scale
imaging with a iU22 US scanner and a high-frequency linear probe (L12-5) (Philips, The Netherlands) while
contrast-enhanced ultrasound (CEUS) with a high-frequency linear probe (L9-3) was used to monitor the RAF
procedures (Fig. 2). Thermal ablation of hyperplastic parathyroid glands was conducted using a radiofrequency
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120min

Figure 1. Ultrasound found 4 hyperplastic parathyroid nodules in a patient with secondary
hyperparathyroidism (SHPT) and confirmed by ECT. (a) The middle and lower right parathyroid gland (yellow
arrow). (b) The lower right parathyroid gland (black arrow). (c) The upper left parathyroid gland (blue arrow).
(d) The lower left parathyroid gland (purple arrow). (e) Emission computed tomography (ECT) coronal image
shows that nodule has concentration of radioactivity in the initial phase (20 min) and late phase (120 min) of
99 m Tc-sestamibi sequence.

generator with an 18-gauge monopolar internally cooled electrode (VIVA; STARmed, Goyang, Korea). The radi-
ofrequency electrode had a 7-cm length shaft with a 0.7-cm active tip and was cooled by a water circulation pump
(VIVA pump; STARmed).

In order to avoid thermal injury of adjacent structures, a buffering zone was created by injection of 10-30mL
of 0.9% sterile saline solution around the hyperplastic parathyroid to establish a liquid isolation zone>1cm
in depth between the parathyroid and adjacent structures (Fig. 3). Then, the RFA electrode was inserted and
deployed 1 mm away from the back of the parathyroid gland under real-time US guidance. Thermal ablation
effect showed a hyperechoic area within the coagulated tissue. The entire targeted glands were ablated by moving
the electrode step-by-step until coagulation was complete. During the procedure and after ablation of each gland,
the operator attempted to ask the patients to evaluate their voice. If voice hoarseness happened, the procedure was
stopped. If not, the procedure continued.

Statistical analysis. Data analysis was performed using the SPSS software (SPSS for Windows 22.0, SPSS,
Chicago, IL) and Graphpad Prism version 4.03 (California, USA). Continuous variables were expressed as the
mean = standard deviation. Multivariate logistical regression analysis was used to screen independent features
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Figure 2. (a) The radiofrequency ablation (RFA) electrode reached the location on the back of the parathyroid
gland. (b) Contrast enhanced ultrasound (CEUS) was used to monitor the radiofrequency ablation (RFA)
procedures, a buffering zone (green dotted line) around the hyperplastic parathyroid (red dotted line).

Figure 3. We injected 15ml 0.9% sterile saline solution to create a buffering zone (green dotted line) around the
hyperplastic parathyroid (red dotted line) in order to establish a liquid isolation zone >1cm in depth between
the parathyroid and adjacent structures.

Group 1 Group 2
Features (N=28) (N=28)
Sex
Male 7 15
Female 21 13
Age 53.50+10.06 45.53+12.93
Dialysis Method
Peritoneal 11 10
Hemodialysis 17 18
Dialysis Duration(months) 93.00+28.67 90.66 +26.98

Table 1. Clinical features of group 1 and group 2 patients with SHPT.

for the occurrence of low calcium. Continuous variables were analyzed by using the Student ¢ test. P < 0.05 was
used to define significance.

Results

Patient demographics and clinical features of appear in Table 1. For group 1 patients, the maximum diame-
ter of the glands ranged from 0.7 cm to 2.9 cm (mean, 1.4cm =+ 0.5). For group 2 patients, the maximum
diameter of the glands ranged from 0.8 cm to 2.5 cm (mean, 1.6 cm £0.4). Table 2 shows the results of the labo-
ratory test analysis. In group 1, mean PTH level decreased from 1865.18 = 828.93 pg/ml to 145.72 £119.27 pg/
ml at 1 day after RFA and to 289.04 +197.99 pg/ml at 1 month after RFA. In group 2, mean PTH level
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Group 1 Group 2(1** RFA) Group 2(2"4 RFA)
Laboratory tests Before RFA After RFA(day 1) Before RFA After RFA(day 1) Before RFA After RFA(day 1)
PTH, pg/ml 1865.18 +828.93 145.72£119.27 2256.64+£1021.72 1388.13£890.15 1677.66 £1012.36 137.26 £107.12
Calcium, mmol/L 2.59+0.17 1.7940.31 2.53+0.19 2.2240.23* 2.31+0.19 1.89+0.26*
Phosphorus, mmol/L 2.08£0.32 1.57£0.44 2.10£0.58 1.89£0.57 1.70£0.32 1.28£0.56
ALP, U/L 488.03 +439.80 488.04 +447.87 612.89+£550.13 590.46 +556.55 662.39+527.13 690.47 £528.03

Table 2. Laboratory tests of group 1 and group 2 patients before and after RFA. P*<0.05 for group 2 compared
with group 1 after first RFA on day 1. Normal ranges: PTH 11-62 pg/mL, Calcium 2.11-2.52 mmol/L and
Phosphorous 0.85-1.51 mmol/L.

) SE  |Wald |P OR (95%CI)
Constant | —2.728 |2.303 |9.351 |0.002
PTH 0.000 |0.001 |0823 |0364 |1.000(0.999-1.001)
ALP 0.003 0.001 5.316 0.021" | 1.003(1.001-1.006)

Table 3. Binary logistic regression analysis of PTH and ALP values (before RFA) for occurrence of
hypocalcemia.

309 Cammol/L) © Group1
@ Group 2

258
I
W

2.0 &

Time(day)

1.

TT T T T T T T T T T T rrrrrrrrrrrrrrrrri
10111213141516171819202122232425262728293031323334353637383940

© -

TT T T T T 17T
012345678

Figure 4. Calcium level of Group 1 and Group 2 patients after RFA.

decreased from 2256.64 4-1021.72 pg/ml to 1388.13 4-890.15 pg/ml at 1 day after first-session RFA and then
rebounded to 1625.92 £ 1129.43 pg/ml at 7 days later. Group 2 mean PTH decreased sharply and rapidly from
1677.66 +1012.36 pg/ml to 137.26 = 107.12 pg/ml at 1 day after second-session and to 230.92 £ 190.23 pg/ml at
1 month after second-session RFA. The mean PTH level in group 1 and group 2 after complete RFA was not sta-
tistically significant (P >0.05).

Calcium decreased quickly after RFA both in group 1 and group 2 patients (Fig. 4). 27 patients (27/28, 96.4%)
in Group 1 had hypocalcemia on the 1st day after RFA. In Group 2, 24 patients (24/28, 85.7%) had hypocalcemia
on the 1st day after second session of RFA. The calcium line of group 1 was below group 2. The mean calcium
level in group 1 decreased quickly from 2.59 £ 0.17 mmol/L before RFA to 1.79 £ 0.31 mmol/L at day 1 after RFA.
The mean calcium level in group 2 also decreased from 2.53 +0.19 mmol/L before RFA to 2.22 4 0.23 mmol/L at
day 1 after first-session RFA and to 1.89 £ 0.26 mmol/L at day 1 after second-session RFA. Calcium level between
group 2 after second RFA and group 1 at day 1 had significance (P <0.05). In group 1, 17 patients had oral calcium
supplementation, 10 patients had intravenous calcium administration and 1 patients had no need to have calcium
supplement. In group 2 after 24 RFA, 14 patients had oral calcium supplementation, 10 patients had intravenous
calcium administration and 4 patients had no need to have calcium supplement. After active calcium supplemen-
tation therapy, calcium levels gradually increased.

Table 3 shows the binary logistic regression analysis of PTH and ALP values (before RFA) for occurrence
of hypocalcemia. Although both serum PTH and ALP presented as significant factors for the occurrence of
hypocalcemia, ALP’s effects on hypocalcemia occurrence was significant (P < 0.05) compared to PTH’s effects
(P> 0.05). When the cutoff point of ALP level was set as 566 U/L, an area under the ROC curve was 0.965,
Youden index of 0.896, sensitivity of 95.0% and specificity of 94.6% (Fig. 5).

When we separated patients into a high ALP group (>566 U/L; 20 patients) and low ALP group (<566 U/L;
36 patients) and measured calcium levels, we found that mean calcium levels at day 1, day 3, 1 week and 1 month
after RFA were lower in the high ALP group than in the low ALP group (P < 0.05) (Table 4). Figures 6 and
7 showed the calcium level of group 1 and group 2 patients with different ALP levels. For both two groups,
ALP >566 U/L patients’ calcium level were lower than patients whose ALP < 566 U/L. For the high ALP group,
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Figure 5. ROC curve of alkaline phosphatase (ALP) shows area under the curve of 0.965, sensitivity of 95.0%
and specificity of 94.6% using alkaline phosphatase (ALP) cutoff point as 566 mmol/L.

Low ALP group | High ALP group
Calcium, mmol/L | (N=36) (N=20) P Value
Before RFA 2.40+0.20 2.38+0.22 0.120
Day 1 after RFA 2.03£0.36 1.56 £0.24 0.000
Day 3 after RFA 2.124+0.40 1.66+0.15 0.000
1 week after RFA 1.98+0.17 1.80+0.11 0.000
1 month after RFA | 2.16 £0.19 1.94+0.13 0.040

Table 4. Mean calcium values before and after RFA in high ALP (>566 U/L) and low ALP (<566 U/L) patients.

patients with single-session RFA had lower calcium (1.45+0.25 mmol/L) compared to patients with two session
RFA 1 day after RFA (1.68 £0.17 mmol/L) (P < 0.05). For the low ALP group, patients with single- or two-session
RFA had similar low calcium levels (1.98 £ 0.10 mmol/L vs. 2.00 £ 0.27 mmol/L respectively, P > 0.05).

We also found differences in procedure cost, RFA time, total operation time, and hospitalization time for
group 1 and group 2 patients (Table 5). Compared to group 1, costs for the patients in group 2 were higher
($2484.39+199.68 vs. $4658.16 + 349.37 respectively, P < 0.05) and hospitalization was longer (8.32d £1.61
and 15.93d £ 1.60, respectively, P < 0.05). Mean operation duration was 90.53 min+10.31 for group 1
and 100.74 min=+8.9 for group 2 of two sessions. The mean RFA time was 225.85 sec+41.85 for group 1 and
214.52 sec£20.47 group 2 for two sessions.

All patients tolerated the procedures with no major complications. All patients had mild swallowing and
variable pain after RFA that disappeared gradually in a few days. One patient in the two-session ablation group
developed vocal hoarseness after second ablation and recovered within 70 days.

Discussion

In previous study, Zhou et al. demonstrated the feasibility and efficacy of microwave ablation of parathyroid
glands and showed that serum PTH and calcium decreased significantly after MWA in patients with SHPT*'. In
current study, we used US-guided RFA to treat parathyroid hyperplasia in 56 patients with SHPT caused by CKD.
Our study showed PTH decreased significantly after RFA for patients in both the one-session and two-session
groups. These decreased PTH levels remained decreased and within accepted Kidney Disease Improving Global
Outcomes limits? in most of the patients (52/56) at 1 month after RFA, which indicated that RFA can inactivate
hyperplastic parathyroid glands and achieved the desired therapeutic effect.

Hypocalcemia is the most common complication after parathyroid resection surgery. In addition to symp-
toms such as limb numbness and cramps, hypocalcemia can also cause severe complications such as bronchos-
pasm, gastrointestinal spasm, and arrhythmia. Therefore, close postoperative monitoring of blood calcium and
timely treatment are critical and necessary. In general, blood calcium should be monitored 2-4 times a day after
surgery. When blood calcium is lower than 2.11 mmol/L but higher than 1.8 mmol/L, oral calcium supplemen-
tation is given; when blood calcium is lower than 1.8 mmol/L, intravenous calcium supplementation is given.
Hypocalcemia is also a common complication of thermal ablation. Our study shows hypocalcemia occurred on
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Figure 6. Calcium level of ALP > 566 mmol/L patients and ALP < 566 mmol/L patients in Group 1 after RFA.
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Figure 7. Calcium level of ALP > 566 mmol/L patients and ALP <566 mmol/L patients in Group 2 after RFA

Group 1 Group 2 P Value
Hospital stay 8.32d+1.61 15.93d +1.60 0.000
Cost of RFA 2484.39$ +199.68 4658.16$ +349.37 0.000
Ablation time 225.85sec+41.85 214.52 sec 4-20.47 (two sessions)
Operation duration 90.53min £ 10.31 100.74 min £ 8.9 (two sessions)

Table 5. Hospital stay, cost of RFA, ablation time, and operation duration in group 1 and 2 patients.

the first day after RFA. When hypocalcemia occurred after RFA, active calcium supplementation therapy was
effective to gradually correct the calcium level.

PTH has many target organs such as bones, kidneys and the intestinal tract. Because PTH can bind to its
receptors on osteoclasts and stimulates bone resorption, it leads to the release of calcium into the blood*. In fact,
even small changes of serum ionized calcium (lower than 0.1 mmol/L) can cause obvious changes in PTH***, The
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effect of low level PTH on bone is mainly osteogenesis and the effect of high level PTH on bone is both osteogen-
esis and osteoclast. High PTH has greater effects on osteoclast than osteogenesis?**°. Thus, patients with SHPT
have high serum PTH and high metabolism of bone transport®®. With complete ablation of hyperplastic parathy-
roids, serum PTH can decrease rapidly alone with osteoclast activity decreased or disappeared in a short time,
and then osteoblastic activity continues. Therefore, in order to keep normal bone metabolism, the components of
calcium and phosphorus in the blood must reach the level that the process of bone formation can lead to a rapid
decrease of serum calcium and phosphorus levels in a short period of time, a process known as bone starvation*®.
Hypocalcemia after parathyroid RFA or surgery is related to bone starvation.

ALP is an indicator of osteogenesis to some extent, it reflects the high transport state of bone metabolism.
Therefore, the higher the ALP, the higher bone transport state, and thus the higher the incidence of hypocalce-
mia after RFA. Our study found that the low calcium level of patients after ablation was closely and positively
correlated with the preoperative serum ALP level. Higher ALP levels before ablation will cause more obvious
postoperative hypocalcemia. It was similar with observations in recent decades, owing to the high values of ALP,
patients may had higher risk for bone fractures and mortality due to hypocalcemia* %, When the calcium level
<1.8mmol/L was defined as a standard of obvious low calcium, patients with ALP cutoff point at 566 mmol/L
presented marked hypocalcemia with sensitivity of 95.0% and specificity of 94.6%. During follow-up 1 month
after RFA, calcium levels before ablation were significantly lower in patients with ALP > 566 U/L than in patients
with ALP <566 U/L (1.94+0.13 mmol/L vs. 2.16 £ 0.19 mmol/L) (P = 0.40). Our current study also found that
the effects of single-session RFA and two-session RFA on hypocalcemia were different in patients depending on
their ALP levels. For those patients with ALP of 566 mmol/L or higher, hypocalcemia was more pronounced in
patients with single-session RFA compared with patients with two-sessions at day 1 after RFA (1.45 £ 0.25 mmol/L
vs. 1.65 £ 0.20 mmol/L, P =0.020). For those patients with ALP lower than 566 mmol/L, single-session group
and two-session group calcium levels were similar (1.98 +0.10 mmol/L vs. 2.04 & 0.30 mmol/L, P =0.580). This
finding implied that a single session of RFA in patients with high ALP was more likely to cause severe hypoc-
alcemia, while two sessions of RFA was more likely to cause mild hypocalcemia. The reason may be related to
the step-by-step descent of PTH, with fractional ablation of the parathyroids in two sessions alleviating bone
starvation.

Parathyroid glands are located in the area of the so-called cervical dangerous triangle. The local anatomy of
this region has complex structures and the glands are closely adjacent to the recurrent laryngeal nerve. Thermal
injury of the recurrent laryngeal nerve can cause voice change during the local coagulation of parathyroid glands.
It is one of the most serious complications reported after RFA of both benign thyroid nodule and recurrent thy-
roid cancer, according to a study by Baek ef al.**. Most patients with thermal damage of the nerve recover within
2 to 3 months after RFA. In the current study, two patients (one in single-session RFA and another in two-session
RFA) developed hoarseness after ablation, and they both recovered within 70 days. As described in our previous
study, a fluid spacing ablation method and moving-shot technique with 1-mm spare margin of the glands can
avoid thermal injury of carotid artery, esophagus, trachea and other adjacent structures, especially for recurrent
laryngeal nerves®. There were no other severe complications during RFA or within the follow-up period in this
study. Both our current and previous studies demonstrated that high resolution US-guided RFA of hyperplas-
tic parathyroid for treatment of patients with SHPT is safe and feasible by using either single- or two-session
methods.

There were limitations of this study. First, the number of patients enrolled in our study was relatively small and
more patients and long-term follow-up are needed to further study the efficacy and outcome. Second, CEUS was
the only method used for monitoring the completion of the ablation. However, a 99mTc-sestamibi sequence may
be needed to assess the result of ablation and efficacy of the treatment. Third, this study design cannot conclude
how many parathyroid glands should be ablated at each session for optimal balance of ALP and hypocalcemia.
At last, this study only followed up for 1 month period and long term follow-up study will conduct in the future.

In conclusion, this study showed that US-guided RFA of parathyroid hyperplasia is a safe and effective method
for the treatment of secondary hyperparathyroidism. Hypocalcemia was likely to occur after RFA, with the degree
of hypocalcemia related to pre-ablation serum ALP level. The preliminary results demonstrated hypocalcemia
was relatively mild in patients with two-session of RFA, especially for patients with baseline ALP > 566 mmol/L.
Although single-session RFA of parathyroid hyperplasia was more cost-effective and required a shorter hospital
stay, patients with ALP > 566 mmol/L should have two-session RFA in order to avoid severe hypocalcemia after
ablation. Patients with ALP < 566 mmol/L could choose either single- or two-session RFA, depending on their
condition and on affordability.

Received: 10 November 2019; Accepted: 28 March 2020;
Published online: 10 April 2020

References

1. Ganesh, S. K. et al. Association of elevated serum PO(4), Ca xPO(4) product, and parathyroid hormone with cardiac mortality risk
in chronichemodialysis patients. J. Am. Soc. Nephrol. 12, 2131-2138 (2001).

2. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Working Group. KDIGO clinical practice guideline for the
diagnosis, evaluation, prevention, and treatment of chronic kidney disease-mineral and bone disorder (CKD-MBD). Kidney Int.
Suppl. 113, S1-S130 (2009).

3. Madorin, C. et al. The surgical management of renal yperparathyroidism. Eur. Arch. Otorhinolaryngol. 269, 1565-1576 (2012).

4. Zhang, 7., Wang, Q. & Liu, Y. Different treatments for secondary hyperparathyroidism of end-stage renal disease. Int. Med. health
Guidance News. 19, 3322-3325 (2013b).

5. Komaba, H. et al. Cost-effectiveness of cinacalcet hydrochloride for hemodialysis patients with severe secondary
hyperparathyroidism in Japan. Am. J. Kidney Dis. 60(2), 262-271 (2012).

SCIENTIFIC REPORTS |

(2020) 10:6206 | https://doi.org/10.1038/s41598-020-63299-8


https://doi.org/10.1038/s41598-020-63299-8

www.nature.com/scientificreports/

10.
11.
12.

13.
14.

15.
. Figari, M. et al. Local ethanol injection for the treatment of deltoid parathyroid cell hyperplasia. Int. Urol. Nephrol. 46(1), 247-249

17.
18.
19.

20.
. Korkusuz, H., Nimsdorf, E, Happel, C., Ackermann, H. & Griinwald, E. Percutaneous microwave ablation of benign thyroid nodules.

22.
23.
24.
25.

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.

39.
40.
41.
42.

43.
44,

45.
46.

47.

. Tsukamoto, Y., Nomura, M. & Marumo, F. Pharmacological parathyroidectomy by oral 1,25(OH)2D3 pulse therapy. Nephron. 51(1),

130-131 (1989).

. Sezer, S. et al. Differential influence of vitamin D analogs on left ventricular mass index in maintenance hemodialysis patients. Int.

J. Artif. Organs. 37(2), 118-125 (2014).

. Akizawa, T. et al. Comparison of paricalcitol with maxacalcitol injection in Japanese hemodialysis patients with secondary

hyperparathyroidism. Ther. Apher. Dial. 19(3), 225-234 (2015).

. Zhang, Q. et al. Effects and safety of calcimimetics in end stage renal disease patients with secondary hyperparathyroidism: a meta-

analysis. PLoS One. 7(10), €48070 (2012).

Akizawa, T. et al. Decreases in PTH in Japanese hemodialysis patients with secondary hyperparathyroidism: associations with
changing practice patterns. Clin. . Am. Soc. Nephrol. 6(9), 2280-2288 (2011).

K/DOQI Clinical practice guidelines for bone metabolism and disease in chronic kidney disease. Am ] Kidney Dis. 42, S1-201
(2003).

Cheng, S. P. et al. Parathyroidectomy improves symptomatology and quality of life in patients with secondary hyperparathyroidism.
Surgery. 155, 320-328 (2014).

Giordano, A., Rubello, D. & Casara, D. New trends in parathyroid scintigraphy. Eur. J. Nucl. Med. 28, 1409-1420 (2001).

Taieb, D. et al. Parathyroid scintigraphy in renal hyperparathyroidism: the added diagnostic value of SPECT and SPECT/CT. Clin.
Nucl. Med. 38, 630-635 (2013).

Torres, P. U. et al. New therapies for uremic secondary hyperparathyroidism. J. Ren. Nutr. 16(2), 87-99 (2006).

(2014).

Onoda, N. et al. A case of secondary hyperparathyroidism whose high turnover bone improved after the direct injection of acetic
acid into the parathyroid glands. Clin. Nephrol. 61(1), 68-73 (2004).

Bennedbaek, E N., Karstrup, S. & Hegediis, L. Ultrasound guided laser ablation of a parathyroid adenoma. Br. J. Radiol. 74(886),
905-907 (2001).

Kovatcheva, R. D. et al. High-intensity focused ultrasound (HIFU) treatment in uraemic secondary hyperparathyroidism. Nephrol.
Dial. Transplant. 27(1), 76-80 (2012).

Yang, Y. L., Chen, C. Z. & Zhang, X. H. Microwave ablation of benign thyroid nodules. Future Oncol 10(6), 1007-1014 (2014).

Functional imaging in comparison to nodular volume reduction at a 3-month follow-up. Nucl. Med. 54(1), 13-19 (2015).

Yue, W. et al. Ultrasound guided percutaneous microwave ablation of benign thyroid nodules: safety and imaging follow-up in 222
patients. Eur. J. Radiol. 82(1), e11-e16 (2013).

Wang, R, Jiang, T., Chen, Z. & Chen, J. Regression of calcinosis following treatment with radiofrequency thermoablation for severe
secondary hyperparathyroidism in a hemodialysis patient. Intern. Med. 52(5), 583-587 (2013).

Carrafiello, G. et al. Treatment of secondary hyperparathyroidism with ultrasonographically guided percutaneous radiofrequency
thermoablation. Surg. Laparosc. Endosc. Percutan Tech. 16(2), 112-116 (2006).

Kim, H. S. et al. Delayed surgery for parathyroid adenoma misdiagnosed as a thyroid nodule and treated with radiofrequency
ablation. Endocrinol. Metab 28(3), 231-235 (2013).

Singh Ospina, N., Thompson, G. B., Lee, R. A., Reading, C. C. & Young, W. E. Jr. Safety and efficacy of percutaneous parathyroid
ethanol ablation in patients with recurrent primary hyperparathyroidism and multiple endocrine neoplasia type 1. J. Clin.
Endocrinol. Metab. 100(1), E87-E90 (2015).

Adda, G. et al. Ultrasound-guided laser thermal ablation for parathyroid adenomas: analysis of three cases with a three-year follow-
up. Horm. Res. 65, 231-234 (2006).

Andrioli, M., Riganti, E, Pacella, C. M. & Valcavi, R. Long-term effectiveness of ultrasound-guided laser ablation of hyperfunctioning
parathyroid adenomas: present and future perspectives. AJR Am. J. Roentgenol. 199, 1164-1168 (2012).

Xu, S. Y., Wang, Y, Xie, Q. & Wu, H. Y. Percutaneous sonography-guided radiofrequency ablation in the management of parathyroid
adenoma. Singap. Med. . 54, e137-e140 (2013).

Peng, C. Z. et al. Efficacy and safety of ultrasound-guided radiofrequency ablation of hyperplastic parathyroid gland for secondary
hyperparathyroidism associated with chronic kidney disease. Head. Neck. 39(3), 564-571 (2017).

Floege, J. et al. Serum iPTH, calcium and phosphate, and the risk of mortality in a European haemodialysis population. Nephrol.
Dial. Transplant. 26, 1948-1955 (2011).

Li, J. et al. Correlates of parathyroid hormone concentration in hemodialysis patients. Nephrol. Dial. Transplant. 28, 1516-1525
(2013).

Coco, M. & Rush, H. Increased incidence of hip fractures in dialysis patients with low serum parathyroid hormone. Am. J. Kidney
Dis. 36, 1115-1121 (2000).

Al Helal, B., Su, W. S., Churchill, D. N. & Gangji, A. S. Relative hypoparathyroidism and hypoalbuminemia are associated with hip
fracture in hemodialysis patients. Clin. Nephrol. 73, 88-93 (2010).

UrenaP et al. Cinacalcet and achievement of the NKF/K-DOQI recommended target values for bone and mineral metabolism in
real-world clinical practice-the ECHO observational study. Nephrol. Dial. Transplant. 24(9), 2852-2859 (2009).

Lekas, P., Goldenstein, P. T. & Bargman, J. M. Myocardial dysfunction and pulmonary edema post parathyroidectomy: the role of
hypocalcemia. Adv. Perit. Dial. 26, 125-129 (2010).

Kestenbaum, B. et al. Survival following parathyroidectomy among United States dialysis patients. Kidney Int. 66, 2010-2016 (2004).
Viaene, L. et al. Calcium requirements after parathyroidectomy in patients with refractory secondary hyperparathyroidism. Nephron
Clin. Pract. 110, c80-c85 (2008).

Guo, C. Y. et al. Immediate changes in biochemical markers of bone turnover and circulating interleukin-6 after parathyroidectomy
for primary hyperparathyroidism. Eur. J. Endocrinol. 142(5), 451-459 (2000).

Grey, A. et al. Circulating levels of interleukin-6 and tumor necrosis factoralpha are elevated in primary hyperparathyroidism and
correlate with markers of bone resorption-a clinical research center study. J. Clin. Endocrinol. Metab. 81(10), 3450-3454 (1996).
Zhuo, L. et al. US-guided Microwave Ablation of Hyperplastic Parathyroid Glands: Safety and Efficacy in Patients with End-Stage
Renal Disease-A Pilot Study. Radiology 282(2), 576584 (2017).

van der Plas, W. Y. et al. Secondary and tertiary hyperparathyroidism: a narrative review. Scand. J. Surg. 31, 1457496919866015
(2019).

Piergiorgio, M. & Alfieri, C. M. Secondary and Tertiary Hyperparathyroidism. Front. Horm. Res. 51, 91-108 (2019).

Brown, E. M. Extracellular Ca 2+ sensing, regulation of parathyroid cell function, and role of Ca 2+ and other ions as extracellular
(first) messenger. Physiol. Rev. 71, 371-411 (1991).

Schamp, S. et al. Ultrasound-guided percutaneous ethanol ablation of parathyroid hyperplasia: preliminary experience in patients
on chronic dialysis. Ultraschall Med. 25, 131-136 (2004).

Slinin, Y., Foley, R. N. & Collins, A. ]. Calcium, phosphorus, parathyroid hormone, and cardiovascular disease in hemodialysis
patients: the USRDS waves 1, 3, and 4 study. J. Am. Soc. Nephrol. 16, 1788-1793 (2005).

Maruyama, Y. et al. A higher serum alkaline phosphatase is associated with the incidence of hip fracture and mortality among
patients receiving hemodialysis in Japan. Nephrol. Dial. Transplant. 29, 1532-1538 (2014).

SCIENTIFIC REPORTS |

(2020) 10:6206 | https://doi.org/10.1038/s41598-020-63299-8


https://doi.org/10.1038/s41598-020-63299-8

www.nature.com/scientificreports/

48. Tentori, E et al. High rates of death and hospitalization follow bone fracture among hemodialysis patients. Kidney Int. 85, 166-173
(2014).

49. Kim, C. et al. Complications encountered in ultrasonography-guided radiofrequency ablation of benign thyroid nodules and
recurrent thyroid cancers. Eur. Radiol. 27, 3128-3137 (2017).

Acknowledgements
This work was supported in part by technology planning project of the Health and Family Planning Commission
of Zhejiang Province (No.2015KYB323) .

Author contributions

Guarantor of integrity of entire study, C.Z.P, Z.Z. and J.B.L.; study concepts/study design or data acquisition
or data analysis/interpretation, C.Z.P,, Z.Z., ].B.L., YW.L, HEH., QH.H,, B.L. and X.G.S.; manuscript drafting
or manuscript revision for important intellectual content, C.Z.P,, Z.Z. and ].B.L.; approval of final version of
submitted manuscript, C.Z.P,, Z.Z,,].B.L., YW.L., HEH., QH.H., B.L. and X.G.S.; agrees to ensure any questions
related to the work are appropriately resolved, C.Z.P,, Z.Z., ].B.L., YW.L, HEH., QH.H., B.L. and X.G.S.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.-Z.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

" | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFIC REPORTS |

(2020) 10:6206 | https://doi.org/10.1038/s41598-020-63299-8


https://doi.org/10.1038/s41598-020-63299-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Efficacy of Ultrasound-guided Radiofrequency Ablation of Parathyroid Hyperplasia: Single Session vs. Two-Session for Effect on Hypocalcemia
	Let us know how access to this document benefits you
	Recommended Citation
	Authors

	Efficacy of Ultrasound-guided Radiofrequency Ablation of Parathyroid Hyperplasia: Single Session vs. Two-Session for Effect ...
	Materials and Methods

	Patients. 
	Laboratory tests and follow-up. 
	US-Guided RFA. 
	Statistical analysis. 

	Results

	Discussion

	Acknowledgements

	Figure 1 Ultrasound found 4 hyperplastic parathyroid nodules in a patient with secondary hyperparathyroidism (SHPT) and confirmed by ECT.
	Figure 2 (a) The radiofrequency ablation (RFA) electrode reached the location on the back of the parathyroid gland.
	Figure 3 We injected 15 ml 0.
	Figure 4 Calcium level of Group 1 and Group 2 patients after RFA.
	Figure 5 ROC curve of alkaline phosphatase (ALP) shows area under the curve of 0.
	Figure 6 Calcium level of ALP ≥ 566 mmol/L patients and ALP < 566 mmol/L patients in Group 1 after RFA.
	Figure 7 Calcium level of ALP ≥ 566 mmol/L patients and ALP <566 mmol/L patients in Group 2 after RFA.
	Table 1 Clinical features of group 1 and group 2 patients with SHPT.
	Table 2 Laboratory tests of group 1 and group 2 patients before and after RFA.
	Table 3 Binary logistic regression analysis of PTH and ALP values (before RFA) for occurrence of hypocalcemia.
	Table 4 Mean calcium values before and after RFA in high ALP (>566 U/L) and low ALP (<566 U/L) patients.
	Table 5 Hospital stay, cost of RFA, ablation time, and operation duration in group 1 and 2 patients.


