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Background: The application of radiofrequency ablation (RFA) is becoming increasingly widespread in the
treatment of primary hyperparathyroidism (PHPT). However, the effect of RFA treatment on the skeleton in
mild PHPT remains unclear. Therefore, the aim of this study was to investigate the change in bone turnover
markers and bone mineral density (BMD) before and 2 years after RFA in patients with mild PHPT.
Methods: In this open-label, prospective study, 81 patients with mild PHPT including 36 treated with RFA
and 45 observed without intervention (OBS), along with 81 age-matched healthy controls, were enrolled
from November 2018 to September 2021 at Gansu Provincial Hospital. The main outcome measures were
levels of serum calcium, serum intact parathyroid hormone (iPTH), and bone turnover markers, including
bone-specific alkaline phosphatase (ALP), C-terminal cross-linking telopeptides of type I collagen (B-CTx),
and osteocalcin (OC). BMD (femoral neck and lumbar spine) was measured with dual-energy X-ray
absorptiometry, and spine radiographs were obtained for vertebral fracture assessment. Paired and unpaired
two-tailed #-tests and Spearman rank correlation coefficient were used for statistical analyses.

Results: Normalized outcomes for both iPTH and calcium levels were achieved in 32 of 36 (88.9%)
patients with mild PHPT treated with RFA. There was a significant treatment effect of RFA on bone
turnover biomarkers compared with OBS before the treatment (P=0.04) and at the end of follow-up or
(P=0.03). BMD of the lumbar spine increased by 1.8% (P=0.03) and remained stable in the femoral neck
(P=0.17) after RFA. However, there was an obvious treatment effect of RFA on BMD compared with OBS (P
0.04). The only compartment with a T-score increase in the RFA group was the lumbar spine in (P<0.001).
There was no difference in fracture frequency between groups during the follow-up period.

Conclusions: RFA can improve serum bone turnover markers in patients with mild PHPT and can be
expected to increase BMD in the L1-L4 vertebrae and preserve BMD in the femoral neck. Whether RFA

can reduce fracture risk in the long-term is a clinical concern for patients with mild PHPT.
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Introduction

Primary hyperparathyroidism (PHPT) is an endocrine
disorder typically characterized by elevated serum calcium
(sCa) and parathyroid hormone (PTH) levels (1). In 80-85%
of cases, PHPT is caused by a single adenoma, but it may also
be caused by multiple adenomas, parathyroid hyperplasia, or,
very rarely, parathyroid adenocarcinoma (1). Although the
disease is frequently associated with bone problems, due to
the early detection of a moderate or normal sCa level at the
time of biological screening, PHPT is currently more often
diagnosed in its mild form (2). Bone involvement, including
decreased bone mineral density (BMD) and an increased
risk of fractures, has been demonstrated in patients with
PHPT, with the overall fracture incidence increasing
with age (3). Parathyroidectomy (PTX) is considered the
first-line treatment for symptomatic PHPT (4), and its
beneficial effect on bone involvement has been extensively
demonstrated (5-8). However, some patients may refuse
surgery due to unsuitable physical conditions or fear of scar
formation and complications from surgery.

Only a limited number of studies have examined the
changes in bone turnover markers and BMD improvement
in patients with PHPT treated with microwave ablation
(MWA) (9,10), and its treatment effect has not yet been fully
investigated. In light of this, we conducted an open-label
prospective study to evaluate the effects of radiofrequency
ablation (RFA) using observations of bone turnover markers
and BMD in patients with mild PHPT. We present the
following article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1719/rc).

Methods
Patients

This study was approved by the Ethics Committee of
Gansu Provincial Hospital (No. 2021-243) and conducted
according to the principles of the Declaration of Helsinki (as
revised in 2013). Written informed consent was provided by
all participants.

In this open-label prospective study, patients diagnosed
with sporadic PHPT in Gansu Provincial Hospital from
November 2018 to September 2021 were included,
including 36 treated with RFA and 45 who were observed
without intervention (OBS). The inclusion criteria were
as follows: (I) confirmed diagnosis of asymptomatic
PHPT, defined as an elevated serum PTH level with
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or without elevated blood calcium levels (11,12); (II) at
least one enlarged parathyroid gland clearly displayed
on ultrasound (US), and (III) positive technetium
#"Te-sestamibi (MIBI) results or negative MIBI results but
with the gland confirmed to be parathyroid tissue by fine-
needle aspiration (FNA) and tissue fluid PTH analysis. The
patients undergoing RFA were required to meet criteria II
and III listed above. All other conditions that could mimic
the biochemistry of PHPT were ruled out during the
preoperative assessment (13). The flowchart of this study is
shown in Figure 1.

To compare the bone turnover markers and BMD in
patients with PHPT before ablation with those of healthy
controls, a group of 81 age and sex-matched healthy
controls from the physical examination center of our
hospital was created. The patients were divided into two
groups: an RFA group and an OBS group.

Preoperative patient evaluation

BMD of the lumbar spine (L1-L4 vertebrae) and left
femoral neck was measured with dual-energy X-ray
absorptiometry before surgery. Osteoporosis was considered
present if a least 1 site had a T-score of less than -2.5.
Urolithiasis was recorded with ultrasonography of the
abdomen. No patients were treated with osteoporosis
medications over the 2 years prior to RFA, no patients were
treated with vitamin D before RFA, and there were no
recent clinical fractures.

RFA instrument and procedure

US-guided RFA was performed using a LOGIQ E9
system (GE HealthCare, Chicago, 1L, USA) with a 6 to
15-MHz linear array probe. A radiofrequency generator
(CelonLab POWER, Olympus Surgical Technologies;
18 G x 200-10-30) was used for RFA. The procedure
was performed by a single doctor with >12 years of
experience in thermal ablation treatment of thyroid and
parathyroid nodules. The patient was placed in a supine
position with routine disinfection and local anesthesia.
Before RFA, contrast-enhanced ultrasound (CEUS)
was employed to observe the size and position of the
nodules if routine US failed to locate them (Figure 2A4).
Normal saline was continuously injected between the
peripheral nodule area and surrounding critical structure
(Figure 2B) to create a barrier that could prevent thermal
injury of adjacent structures. An electrode was inserted
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Figure 1 The flowchart of the study. PHPT, primary hyperparathyroidism; PTX, parathyroidectomy; US, ultrasound; RFA, radiofrequency

ablation.

and placed into the parathyroid nodule via US guidance,
and ablation was performed layer by layer, following the
“from far to near” or “from deep to shallow” principle.
Ablation of the lesion was covered by the hyperechoic zone
(Figure 2C). After the ablation, CEUS was performed,
in which a lack of enhancement indicated RFA-induced
coagulative necrosis (Figure 2D). It should be noted that
ablation of the contralateral side was only performed when
vocal cord movement was normal on US or in patients
with bilateral PHPT nodules when there was no voice
change after one side was ablated; otherwise, the procedure
was stopped, and the second session was suspended until
recurrent laryngeal nerve function recovered.

Outcome

The interventions studied were the RFA treatments.
The following primary outcome measures were obtained
pre- and postoperatively during the follow-up and were
compared between the PTX and OBS groups: sCa level;
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intact parathyroid hormone (iPTH) and bone turnover
markers, including bone-specific alkaline phosphatase
(ALP), C-terminal cross-linking telopeptides of type I
collagen (B-CTx), osteocalcin (OC), and 25-hydroxyvitamin
D; (25[OH]D;); and BMD of the lumbar spine (L1-L4
vertebrae) and left femoral neck.

Statistical analysis

SPSS 22.0 software (IBM Corp., Armonk, NY, USA) was
used for statistical analysis. The normality of the continuous
variables was determined via the Shapiro-Wilk test.
Normally distributed continuous variables are expressed
as the mean + standard deviation, and skewed distributed
continuous variables are expressed as the median with the
interquartile range. Paired and unpaired two-tailed #-tests
and Spearman rank correlation coefficient were used for
statistical analyses. The chi-square test was used to compare
groups in terms of the development of any new fracture.
All statistical tests were two-tailed, with P<0.05 being

Quant Imaging Med Surg 2024;14(6):3828-3836 | https://dx.doi.org/10.21037/qims-23-1719



Quantitative Imaging in Medicine and Surgery, Vol 14, No 6 June 2024 3831

Figure 2 RFA procedure for a parathyroid nodule. (A) Before RFA, traditional ultrasound sonogram revealed hypoechoicity (white arrow),

with a regular shape and clear boundary, and uniform and high enhancement in CEUS (yellow arrow). (B) Establishment of hydrodissection

(white solid lines). (C) During ablation, the hyperechogenic area represented the ablated area (white arrow). (D) After ablation, the ablated

area (white arrow) exhibited no enhancement in CEUS (yellow arrow). RFA, radiofrequency ablation; CEUS, contrast-enhanced ultrasound.

considered statistically significant.

Results
Baseline characteristics

The study enrolled 36 patients with mild PHPT undergoing
ultrasound-guided RFA, 45 OBS patients, and 81 controls.
The baseline characteristics of the enrolled patients are
presented in Table 1.

Overall efficacy

Complete ablation was achieved in 36 patients, and the
technical success rate was 100%. Follow-up in the surgical
cases occurred on average 21 months after RFA. In the
follow-up period after RFA, 32 patients had normal levels
of serum iPTH and calcium, yielding a cure rate of 88.9%
(32/36). All patients tolerated the therapy, with hoarseness
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being a major complication in 8 patients (13.1%), all of
whom achieved complete recovery within 4 months.

In the following 2 years, the levels of serum iPTH and
calcium both decreased to the normal reference ranges and
tended to be stable in the RFA group, but there was no
significant change in the OBS group (Figure 3).

Effects on bone metabolic profiles

Patients in the RFA and OBS subgroups had the same
biochemical values (Zables 1,2). ALP correlated negatively
with BMD in both the lumbar spine and femoral neck.
At follow-up, there was a significant drop in the bone
formation (ALP, OC) and resorption (B-CTx) markers
in the RFA group compared with the OBS group. The
serum ALP level dropped from a mean 122 U/L to a mean
88.5 U/L, corresponding to a 27.5% drop (P=0.005). The
OC level dropped by 20.2% from a mean preoperative level
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Table 1 The baseline characteristics of all patient cases (n=81), control individuals (n=81), and the treatment subgroups (RFA group: n=36; OBS
group: n=45)

Subgroup
Variable Cases Controls P?
RFA OBS P

Mean age (years) 55.1+12.3 56.1+12.3 0.79 51.2+12.4 58.3+17.0 0.04
Weight (kg) 61.7+8.6 60.8+9.4 0.56 61.7+8.7 62.6+10.1 0.66
Height (m) 1.65+0.07 1.64+0.07 0.23 1.65+0.07 1.66+0.08 0.20
BMI (kg/m?) 22.6+2.8 22.6+3.4 0.72 22.4+2.8 22.3+2.8 0.62
iPTH (pg/mL) 170.1+67.1 47.21+10.2 <0.001 172.9+75.4 157.4+69.5 0.23
Calcium (mmol/L) 2.49+0.22 2.27+0.31 <0.001 2.61£0.27 2.47+0.14 0.04
Urine calcium (mmol/L) 4.71£1.78 2.41£1.01 <0.001 4.98+1.28 4.51+£1.18 0.03
eGFR (CKD-EPI) (mL/min) 59.7+12.6 52.5+14.3 0.55 62.3+10.8 61.5+11.4 0.66
25(0OH)D; (ng/mL) 17.9+6.5 23.4+10.5 0.03 17.9+6.5 18.3+6.1 0.56
ALP (U/L) 122.0+55.4 90.8+24.2 0.006 122.0+55.8 129.9+51.9 0.87
OC (ng/mL) 48.5+19.4 34.4+6.2 0.04 48.5+19.6 46.9+19.4 0.78
B-CTx (ng/mL) 0.66+0.22 0.37+0.08 0.04 0.66+0.22 0.65+0.22 0.66
L1-L4 BMD (g/cm?) 0.91+0.18 1.07+0.22 0.03 0.92+0.11 0.91+0.21 0.40

T-score -1.37+1.01 -1.09+0.74 0.007 -1.49+1.12 -1.23+1.08 0.36
Neck BMD (g/cm?) 0.89+0.24 1.01+£0.20 0.04 0.90+0.23 0.92+0.21 0.43

T-score -1.48+1.23 -1.01+0.88 0.04 -1.55+1.86 -1.38+1.51 0.32

Values are presented as the mean + SD. 2 paired t-test. °, unpaired t-test. RFA, radiofrequency ablation; OBS, observation without
intervention; BMI, body mass index; iPTH, intact parathyroid hormone; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic
Kidney Disease Epidemiology Collaboration; 25(0OH)D,, 25-hydroxyvitamin D;; ALP, alkaline phosphatase; OC, osteocalcin; p-CTx,
C-terminal cross-linking telopeptides of type | collagen; BMD, bone mineral density; SD, standard deviation.
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Figure 3 Mean levels with 95% ClIs of serum iPTH (A) and calcium (B) in the 2-year follow up for both the RFA and OBS groups. P
denotes P value for longitudinal changes within each group. P(groups) denotes the P value for longitudinal changes between groups. iPTH,
intact parathyroid hormone; RFA, radiofrequency ablation; OBS, observation without intervention; 95% CI, 95% confidence interval.
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Table 2 Bone markers and BMD variables of the RFA and OBS groups at the time of study inclusion and at follow-up
RFA OBS
Variable P(groups)
Inclusion Follow-up % change P Inclusion Follow-up % change P
ALP (U/L) 122.0+55.8 88.5+36.5 -27.5 0.005 129.9+51.9  116.1+52.4 -9.4 0.03 0.004
OC (ng/mL) 48.5+19.6 33.7+12.7 -20.2 0.03 46.9+19.4 48.116.8 4.1 0.57 0.04
B-CTx (ng/mL) 0.66+0.22 0.48+0.08 -17.1 0.04 0.65+0.22 0.69+0.18 5.2 0.61 0.03
L1-L4 BMD (g/cm®  0.91+0.08 1.01+0.19 1.8 0.03 0.91+0.21 0.90+0.17 -2 0.81 0.01
Neck BMD (g/cm?) 0.82+0.24 0.83+0.25 0.6 0.17 0.92+0.21 0.80+0.19 -1 0.61 0.04

Values are presented as the mean + SD. P denotes the P value for longitudinal changes from baseline to 2years within each group
according to the paired t-test. P(groups) denotes the P value for longitudinal changes between groups from baseline to 2 years.
The + or — sign indicates increased or decreased values compared with baseline values, respectively. BMD, bone mineral density; RFA,
radiofrequency ablation; OBS, observation without intervention; ALP, alkaline phosphatase; OC, osteocalcin; f-CTx, C-terminal cross-

linking telopeptides of type | collagen; SD, standard deviation.
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Figure 4 Change in T-scores during the study period at the lumbar
spine and femoral neck for both groups. P denotes the P value for
longitudinal changes from baseline to 2 years within each group.
P(groups) denotes the P value for longitudinal changes between
groups from baseline to 2 years. RFA, radiofrequency ablation;

OBS, observation without intervention.

of 48.5 ng/mL to a postoperative level of 33.7 ng/mL (P=0.03).
The B-CTx level dropped from a mean 0.66 ng/mL to a mean
0.48 ng/mL, corresponding to a 17.1% drop in preoperative
values (P=0.04). The BMD of the lumbar spine increased
by 1.8% (P=0.03) compared to baseline, the femoral neck
BMD increased by 0.6% (P=0.17), and there were no
differences in BMD between RFA cases and their matched
controls (Table 2).

A decrease in T-score was noted for all compartments
in the OBS group. The only compartment with a T-score
increase in the RFA group was the lumbar spine (P<0.001).
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The T-score differences over time for the two groups are
illustrated in Figure 4.

In the 2-year follow-up, 3 of 45 (6.7%) patients in the
OBS group and 2 of 36 (5.6%) patients in the RFA group
experienced some type of new fracture (peripheral or
vertebral), with no significant difference between groups
(P=0.72).

Discussion

This study comprehensively analyzed the bone health
and is the first of its kind to compare patients with mild
PHPT treated with RFA to those who did not receive any
intervention. Bone turnover markers reflect the metabolism
of bone cells (osteoblasts, osteoclasts, or osteocytes), and
assessment of bone turnover markers helps to assess the
status of the skeleton in those with PHPT (14). In our
cohort, 81 healthy participants were included as the control
group, and the mean baseline values of bone formation
markers (ALP, OC), resorption markers (B-CTx), and BMD
(femoral neck and lumbar spine) were all elevated or at
the upper limit of the normal range, higher than those of
controls. This confirms that PTH hypersecretion adversely
affects the skeleton. The difference between cases and
controls should not be considered fortuitous. The fact that
the level of 25(OH)D; was considerably low in all patients
and in healthy controls is in accordance with a study that
reported 25(OH)D; insufficiency or deficiency to be
common among Chinese adults (15).

In 20 patients with PHPT, Ni ez 4/. found bone turnover
marker levels to be significantly decreased at 1-year follow-
up after MWA (9), indicating a significant MWA treatment
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effect compared with that of OBS. In our cohort, reductions
in levels of ALP, OC, and B-CTx markers were observed,
with a drop of 27.5% for ALP, 20.2% for OC, and 17.1%
for p-CTx, which is comparable to the response after
PTX (5).

The beneficial effect of PTX on bone involvement has
been demonstrated (16-20). In our cohort, as many as
81% of the cases had a low BMD at the lumbar spine or
femoral neck compared with 29% of the matched controls,
which suggests significant bone loss in patients with mild
PHPT. Some researchers have attempted to identify a
specific bone marker that can reflect beneficial effects on
bone remodeling and microstructure. Ohe et 4l. confirmed
that the changes in BMD 1 year after PTX therapy were
positively correlated with preoperative biomarkers: the
higher the level of preoperative biomarkers, the greater the
increase in BMD (20). The measurement of B-CTx may
be useful for predicting the long-term changes in lumbar
BMD after PTX administration (21). Although our study
failed to find a correlation between B-CTx at baseline and
BMD changes after RFA, ALP correlated negatively with
BMD in both the lumbar spine and femoral neck. There
was a decrease of BMD in the lumbar spine of patients with
PHPT, which is consistent with other series studies on PTX
(5,16-18,22). Another principal finding was that RFA was
associated with an increase in the BMD to the level of that
of the age-matched controls in the lumbar spine but not in
the femoral neck. In another study, recovery was noted in
the femoral neck (10). This discrepancy may be explained
by the fact the mild or asymptomatic patients in our cohort
and the mean age of the included patients with cases were
higher, and more than half were postmenopausal women.

In our study, we found no difference in fracture
frequency between the RFA and OBS groups during the
follow-up period. This may be due to relative short follow-
up time of 2 years, during which it might have been difficult
to detect any statistically significant fractures. However, a
randomized controlled trial, including 191 Scandinavian
patients with PHPT, found no between-group differences
in fracture frequency over a 10-year follow-up (22). It is
thus necessary to determine whether RFA can impede bone
remodeling and reduce the risk of fracture frequency by
conducting studies with long follow-up periods.

Our study had several limitations that should be
addressed. First, as we employed an open-label, prospective
design, there was inevitable selection bias due to the groups
not being randomized. Second, several parameters were
different between the RFA group and OBS group, as those
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with a higher sCa level were assigned to the RFA group,
and milder cases (with a lower sCa level) were assigned to
the OBS group, with the latter group tending to be older.
Third, as no prior sample size estimation was completed
and the sample size was relatively small, our findings may
lack sufficient power to draw definite conclusions. Future
studies with larger sample sizes and sufficient power are
needed to verify the benefits of RFA for bone in patients
with mild PHPT.

Conclusions

RFA is a reasonable option in the treatment of mild PHPT.
Our findings constitute evidence supporting the short-term
benefit of RFA on bone turnover markers and changes in

BMD in the lumbar spine.

Acknowledgments

Funding: This work was supported by the Lanzhou
Talent Innovation and Entrepreneurship Project (No.
2019RC119).

Footnote

Reporting Checklist: The authors have completed the
STROBE reporting checklist. Available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1719/rc

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1719/coif).
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013) and was approved by the Ethics Committee
of the Gansu Provincial Hospital (approval No. 2021-
243). Informed consent was provided by all individual
participants.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-

Quant Imaging Med Surg 2024;14(6):3828-3836 | https://dx.doi.org/10.21037/qims-23-1719


https://qims.amegroups.com/article/view/10.21037/qims-23-1719/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1719/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-1719/coif
https://qims.amegroups.com/article/view/10.21037/qims-23-1719/coif

Quantitative Imaging in Medicine and Surgery, Vol 14, No 6 June 2024

commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Bilezikian JP, Bandeira L., Khan A, Cusano NE.
Hyperparathyroidism. Lancet 2018;391:168-78.

2. Applewhite MK, Schneider DF. Mild primary
hyperparathyroidism: a literature review. Oncologist
2014;19:919-29.

3. Bergh C, Wennergren D, Méller M, Brisby H. Fracture
incidence in adults in relation to age and gender: A study of
27,169 fractures in the Swedish Fracture Register in a well-
defined catchment area. PLoS One 2020;15:¢0244291.

4. Wilhelm SM, Wang TS, Ruan DT, Lee JA, Asa SL,

Duh QY, Doherty GM, Herrera MF, Pasieka JL, Perrier
ND, Silverberg SJ, Solérzano CC, Sturgeon C, Tublin
ME, Udelsman R, Carty SE. The American Association
of Endocrine Surgeons Guidelines for Definitive
Management of Primary Hyperparathyroidism. JAMA
Surg 2016;151:959-68.

5. Rajeev P, Movseysan A, Baharani A. Changes in bone
turnover markers in primary hyperparathyroidism
and response to surgery. Ann R Coll Surg Engl
2017;99:559-62.

6. Sociedade Brasileira de Endocrinologia e Metabologia;
Bandeira F, Griz L, Chaves N, Carvalho NC, Borges
LM, Lazaretti-Castro M, Borba V, Castro LC, Borges
JL, Bilezikian J. Diagnosis and management of primary
hyperparathyroidism--a scientific statement from the
Department of Bone Metabolism, the Brazilian Society
for Endocrinology and Metabolism. Arq Bras Endocrinol
Metabol 2013;57:406-24.

7. Cusano NE, Rubin MR, Silva BC, Tay YD, Williams
JM, Agarwal S, Omeragic B, Guo XE, Bilezikian JP.
Skeletal Microstructure and Estimated Bone Strength
Improve Following Parathyroidectomy in Primary
Hyperparathyroidism. J Clin Endocrinol Metab
2018;103:196-205.

8. Rolighed L, Vestergaard P, Heickendorft L, Sikjaer
T, Rejnmark L, Mosekilde L, Christiansen P.

BMD improvements after operation for primary
hyperparathyroidism. Langenbecks Arch Surg
2013;398:113-20.

9. Ni W, Yuan Y, Chu X, Chen G, Han X, Li ], Wu X, Wang

10.

11.

13.

14.

15.

16.

17.

18.

3835

J, Liu C, Xu S. Bone Turnover Markers in Response to
Ultrasound-Guided Microwave Ablation for Primary
Hyperparathyroidism. Front Endocrinol (Lausanne)
2021;12:782050.

Wu W, Zhou Q, Xu S, An S, Shen F, Li H, Gong X, Chen
X. Two-year changes of biochemical profiles and bone
mineral density after percutaneous ultrasound-guided
microwave ablation for primary hyperparathyroidism.
Endocrine 2021;71:476-83.

Frey S, Bourgade R, Le May C, Croyal M, Bigot-Corbel
E, Renaud-Moreau N, Wargny M, Caillard C, Mirallié E,
Cariou B, Blanchard C. Effect of Parathyroidectomy on
Metabolic Homeostasis in Primary Hyperparathyroidism.
J Clin Med 2022;11:1373.

. Frey S, Wargny M, Blanchard C, Caillard C, Hadjadj

S, Cariou B, Figueres L, Mirallié E. Effects of
parathyroidectomy on kidney function in patients with
primary hyperparathyroidism: Results of a prospective
study. Surgery 2023;173:146-53.

Bilezikian JP, Khan AA, Silverberg SJ, Fuleihan GE,
Marcocci C, Minisola S, Perrier N, Sitges-Serra A,
Thakker RV, Guyatt G, Mannstadt M, Potts JT, Clarke
BL, Brandi ML; International Workshop on Primary
Hyperparathyroidism. Evaluation and Management of
Primary Hyperparathyroidism: Summary Statement and
Guidelines from the Fifth International Workshop. J Bone
Miner Res 2022;37:2293-314.

Costa AG, Bilezikian JP. Bone turnover markers in primary
hyperparathyroidism. J Clin Densitom 2013;16:22-7.

Yu S, Fang H, Han ], Cheng X, Xia L, Li S, Liu M, Tao
Z,Wang L, Hou L, Qin X, Li P, Zhang R, Su W, Qiu L.
The high prevalence of hypovitaminosis D in China: a
multicenter vitamin D status survey. Medicine (Baltimore)
2015;94:e585.

Caliskan M, Beysel S, Kizilgil M, Ozbek M, Cakal

E. The effect of parathyroidec-tomy on bone mineral
density in primary hyperparathyroidism. Turk ] Med Sci
2019;49:1674-80.

Lundstam K, Heck A, Godang K, Mollerup C,
Baranowski M, Pernow Y, Aas T, Hessman O, Rosén

T, Nordenstrom J, Jansson S, Hellstrom M, Bollerslev

J; SIPH Study Group. Effect of Surgery Versus
Observation: Skeletal 5-Year Outcomes in a2 Randomized
Trial of Patients With Primary HPT (the SIPH Study). ]
Bone Miner Res 2017;32:1907-14.

Lundstam K, Heck A, Mollerup C, Godang K, Baranowski
M, Pernow Y, Varhaug JE, Hessman O, Rosén T,
Nordenstrom J, Jansson S, Hellstrom M, Bollerslev J;

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2024;14(6):3828-3836 | https://dx.doi.org/10.21037/qims-23-1719


https://creativecommons.org/licenses/by-nc-nd/4.0/

3836

19.

20.

SIPH Study Group. Effects of parathyroidectomy versus
observation on the development of vertebral fractures in
mild primary hyperparathyroidism. J Clin Endocrinol
Metab 2015;100:1359-67.

Sankaran S, Gamble G, Bolland M, Reid IR, Grey

A. Skeletal effects of interventions in mild primary
hyperparathyroidism: a meta-analysis. ] Clin Endocrinol
Metab 2010;95:1653-62.

Ohe MN, Bonanséa TCP, Santos RO, Neves MCD,
Santos LM, Rosano M, Kunii IS, Castro ML, Vieira
JGH. Prediction of bone mass changes after successful
parathyroidectomy using biochemical markers of bone
metabolism in primary hyperparathyroidism: is it clinically

Cite this article as: Han Z, Xue Y, Liang L, Xie J, Zhou Z.

Changes in bone turnover markers and bone mineral

density after radiofrequency ablation for mild primary

hyperparathyroidism: a prospective cohort study. Quant
Imaging Med Surg 2024;14(6):3828-3836. doi: 10.21037/qims-23-
1719

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Han et al. Changes in bone turnover markers after RFA for mild PHPT

21.

22.

useful? Arch Endocrinol Metab 2019;63:394-401.

Alonso S, Ferrero E, Donat M, Martinez G, Vargas C,
Hidalgo M, Moreno E. The usefulness of high pre-
operative levels of serum type I collagen bone markers for
the prediction of changes in bone mineral density after
parathyroidectomy. ] Endocrinol Invest 2012;35:640-4.
Lundstam K, Pretorius M, Bollerslev J, Godang K,
Fagerland MW, Mollerup C, Fougner SL, Pernow

Y, Aas T, Hessman O, Rosén T, Nordenstréom J,

Jansson S, Hellstrom M, Heck A. Positive Effect of
Parathyroidectomy Compared to Observation on BMD
in a Randomized Controlled Trial of Mild Primary
Hyperparathyroidism. ] Bone Miner Res 2023;38:372-80.

Quant Imaging Med Surg 2024;14(6):3828-3836 | https://dx.doi.org/10.21037/qims-23-1719



