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Advances in the treatment
of secondary and tertiary
hyperparathyroidism
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Secondary hyperparathyroidism (SHPT) and tertiary hyperparathyroidism
(THPT) are common and complicated clinical endocrine diseases. The
parathyroid glands maintain endocrine homeostasis by secreting parathyroid
hormone to regulate blood calcium levels. However, structural alterations to
multiple organs and systems occur throughout the body due to hyperactivity
disorder in SHPT and THPT. This not only decreases the patients’ quality of life,
but also affects mortality. Since current treatments for these diseases remains
unclear, we aimed to develop a comprehensive review of advances in the
treatment of SHPT and THPT according to the latest relevant researches.
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1 Introduction

The parathyroid gland is a group of glands located behind thyroid, usually four (1).
Hyperparathyroidism (HPT) is characterized by abnormal calcium and phosphorus
metabolism caused by excessive secretion of parathyroid hormone (PTH). This is mainly
classified as primary, secondary, and tertiary hyperparathyroidism. Primary
hyperparathyroidism (PHPT) refers to parathyroid gland hyperfunction caused by
hyperplasia, neoplasia, or malignancy. Secondary hyperparathyroidism (SHPT) is a
type of hypermetabolism caused by other diseases, like chronic renal failure (2), post-
hemodialysis (3), kidney transplantation (4), and bariatric surgery (5) and leads to
increased blood calcium from increased PTH reacting to low blood calcium levels. In
tertiary hyperparathyroidism (THPT), long-term overstimulation of the parathyroids
leads to the development of nodules due to the compensatory hyperfunction to
spontaneous PTH incretion. THPT is common in patients with long-term chronic
kidney disease, hemodialysis, and kidney transplantation (6). HPT can cause bone
diseases (7), such as pathological fractures or skeletal deformities, cardiovascular diseases
(8), and kidney stones and may also induce end-stage parathyroid cancer, although this is
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extremely rare (9, 10). Serum intact parathyroid hormone
(iPTH) measurement and technetium-99m sestamibi (99mTc-
MIBI) parathyroid imaging are the most effective and reliable
methods for diagnosis. Diagnostic sensitivity is further improved
by adding ultrasonography (11). HPT is complex, diverse, and
seriously endangers patients’ quality of life. However, there is
currently no unified treatment, especially regarding the choice of
surgical interventions and clinical drug therapeutics. This review
introduces comprehensive advances in SHPT and THPT
treatment based on our own practical experience and the latest
national and international reports. We provide a reference for
clinicians to make individualized treatment decisions and to
benefit more patients.

2 Treatment for HPT
2.1 Medical therapy for SHPT and THPT

Academics generally believe that THPT is not amenable to
medication, due to the nodules that autonomously secrete PTH.
Once the diagnosis of THPT has been verified, surgery is
recommended as long as there are no contraindications.
Therefore, we will concentrate on medical treatment for SHPT.

2.1.1 Phosphorus binders

SHPT is often associated with hyperphosphatemia; thus,
phosphate binders are often used. Phosphate binders maintain
normal serum calcium and PTH levels by correcting
hyperphosphatemia. There are calcium-containing (e.g.,
calcium carbonate) and non-calcium-containing (e.g.,
sevelamer) phosphorus binders.

Calcium carbonate inhibits the secretion of PTH and is often
used with vitamin D analogs; however, hypercalcemia can easily
occur (12).

Sevelamer is a primary drug of choice for SHPT (13). It
rapidly reduces blood phosphorus concentration, inhibiting
parathyroid cell proliferation and reducing PTH levels (14).
However, its severe gastrointestinal side effects, such as
vomiting and abdominal pain, greatly reduce patient
compliance (13).

A novel oral non-calcium-containing phosphorus binder,
PA21, has recently emerged. PA21 is composed of polynuclear
iron-hydroxide, sucrose, and starch. It effectively relieves
hyperphosphatemia (15) and significantly decreases PTH
levels. It is extremely effective for SHPT (16), and will likely
become the drug of choice for SHPT associated with
hyperphosphatemia in the future.

2.1.2 Vitamin D and analogs
Vitamin D deficiency can lead to insufficient calcium
absorption and result in excessive PTH production, causing
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SHPT. Thus, vitamin D and its analogs treat SHPT by
correcting the associated vitamin D deficiency (17).
Commonly used medications include calcitriol, paricalcitol,
and alfacalcidol.

Calcitriol promotes intestinal calcium absorption (18) and
also improves bone metabolism by inhibiting osteoclasts and
promoting osteoblasts. Both oral and intravenous
administration can be used to treat SHPT (19). Calcitriol is
more effective than alfacalcidol in lowering serum PTH (20), but
often induces hypercalcemia and hyperphosphatemia (21).

Paricalcitol is a selective vitamin D receptor activator that
significantly reduces PTH secretion without affecting calcium
and phosphorus levels (22), i.e., it has a favorable safety profile.
Even if occasional hypercalcemia and hyperphosphatemia occur
(21), the incidence of these side effects is less than with calcitriol
(22). Thus, it may be the best vitamin D analog for SHPT in
the future.

DP001(2MD) is a novel oral selective vitamin D analog with
high selectivity for bone and the parathyroid glands. It binds to
vitamin D receptors and inhibits PTH synthesis and secretion. It
is safer than existing active vitamin D analogs because it is
rapidly and widely distributed to the target tissues and has a long
half-life (21). Therefore, it is likely to have broader application in
the future.

2.1.3 Calcimimetics

Calcium-sensing receptors in the parathyroid glands are
important therapeutic targets for SHPT. Therefore,
calcimimetics may be administered, but not with phosphorus
binders and vitamin D analogs, to reduce PTH secretion by
activating calcium-sensing receptors, thus effectively controlling
calcium and phosphorus levels (23). Cinacalcet is the most
common calcimimetic.

Cinacalcet is an allosteric activator of calcium-sensing receptors.
It increases the sensitivity of calcium-sensing receptors to
extracellular calcium, and allosterically combines with the
receptors to inhibit PTH secretion (24). It is effective in infants
and young children (25), as well as THPT patients who cannot
undergo parathyroid surgery (26). Long-term use of cinacalcet
reduces total parathyroid volume (27). Serum PTH, calcium, and
alkaline phosphatase increase significantly within 12 months of
cinacalcet discontinuation (28); therefore, continuous use is
recommended. Cinacalcet may induce gastrointestinal symptoms,
as well as drug-drug interactions, which interfere with patient
compliance (29, 30). Hypocalcemia occurs in some patients, but it
is generally mild or asymptomatic and resolves spontaneously (31).
Calcium-sensing receptor polymorphisms (32) or the presence of
gallstones (33) can interfere with cinacalcet’s efficacy. Recent studies
have found that combined use of cinacalcet and vitamin D
significantly reduces serum calcium and phosphorus levels
without increasing side effects, which offers a favorable option for
the SHPT treatment (34).
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Etelcalcetide is a synthetic peptide that has been approved in
several countries as the only intravenous calcimimetic for SHPT
treatment. It consistently and effectively reduces PTH, calcium,
and phosphorus levels (30). Etelcalcetide may slow the
progression of SHPT by reducing levels of fibroblast growth
factor 23 (FGF-23), a hormone that regulates phosphate and
vitamin D metabolism (35). When FGF-23 is elevated,
parathyroid cell proliferation is induced and PTH secretion is
accelerated, leading to refractory SHPT (36). Intravenous
administration avoids liver metabolism (37) and reduces
gastrointestinal adverse reactions. Thus, it is safe and well-
tolerated, with improved patient compliance (38). However,
etelcalcetide may still cause side effects, the most common
being hypocalcemia (39, 40) (Table 1). Because etelcalcetide is
similar to cinacalcet in terms of safety, efficacy, and side effects
(23)(Table 1), if patient compliance is poor, it is recommended
that etelcalcetide administered intravenously three times a week
should be used instead of daily oral cinacalcet.

Considering the disadvantages of cinacalcet and etelcalcetide
in terms of dosage and side effects, a new-generation oral
calcium-sensing receptor modulator, evocalcet, has been
studied and marketed (29). It is not inferior to cinacalcet in
inhibiting iPTH, and also prevents parathyroid hyperplasia (44).
It has fewer gastrointestinal-related side effects (29) (Table 1),
and is therefore a promising prospect and is expected to be put
into clinical use as soon as possible.

2.1.4 Other medical treatments

In addition to phosphorus binders, vitamin D and its
analogs, and calcimimetic agents, other SHPT treatment
options include bisphosphonates (drugs inhibiting bone
resorption) (7), synbiotics (combinations of prebiotics and
probiotics) (45), and denosumab (monoclonal antibody) (46).
Denosumab especially is used in patients with inoperable THPT

TABLE 1 Comparison of treatments.

10.3389/fendo.2022.1059828

(46). However, these treatments are not widely used in clinical
practice due to their unknown mechanisms of action or
unknown safety owing to a lack of repeated studies.

2.2 Surgical treatment of SHPT and THPT

Surgery is the best treatment option for patients who have
failed medical therapy or those with advanced SHPT and THPT.
At present, the main surgical methods are parathyroidectomy
(PTX) and ablation.

Preoperative localization diagnosis is important for HPT
surgery, especially for recurrent or persistent HPT. Clinically,
even in the SHPT and THPT ultrasound evaluation, ultrasound is
the most commonly and necessary used means of evaluation of
previously undiagnosed thyroid nodules, resulting in thyroidectomy
at the same time of parathyroidectomy (47). Ultrasonography is
easy to perform but has poor sensitivity. 99mTc-MIBI single-
photon emission computed tomography associated with
computed tomography scintigraphy (SPECT/CT) improves the
sensitivity of preoperative parathyroid localization and accurately
locates ectopic parathyroid glands (6). As a result, for refractory
SHPT, ultrasound combined with SPECT/CT is the best choice for
preoperative localization (48), while CT and MIBI scans are effective
imaging modalities for the assessment of postoperative residual
parathyroid glands and prior to repeat PTX (49). However, the
exploration of the parathyroid glands by experienced surgeons is the
key to successful HPT surgery.

221 PTX

PTX effectively prevents persistent and recurrent HPT, and
significantly reduces patient mortality (43). It is a safe and
effective treatment for severely affected, frail, or pediatric
patients (50).

Comparison of Efficacy in patients with SHPT Adverse events References
treatments
Follow-up Target Response rate
time
Etelcalcetide vs. Cinacalcet 26 weeks Reduction in PTH of more 68.2% vs. 57.7% Decreased blood calcium (68.9% vs. 59.8%) (40)
than 30%

9 months PTH level of 150-600 pg/mL  48-62% vs. 40-47% (23)

Evocalcet vs. Cinacalcet 30 weeks PTH level of 60-240 pg/mL  72.7% vs. 76.7% Gastrointestinal-related adverse events (29)
(18.6% vs. 32.8%)
sPTX vs. tPTX-AT 6 months PTH level 270.6 pg/mL vs. 320.9  Recurrent HPT (5.6% vs. 4%) (41)
pg/mL Persistent HPT (21.6% vs. 16%)

6 months PTH level of 15-65 pg/mL 22.2% vs. 26.7% Recurrent or persistent HPT (26% vs. 8.7%) (42)
sPTX vs. tPTX-45AT vs. 12 months PTH level of 100-600 pg/mL  44% vs. 33% vs. 45% Un-controlled HPT (20% vs. 0% vs. 0%) (43)
tPTX-90AT
Frontiers in Endocrinology 03 frontiersin.org
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2.2.1.1 Surgical approach

The main surgical PTX procedures include total
parathyroidectomy (tPTX), subtotal parathyroidectomy
(sPTX), and total parathyroidectomy with autotransplantation
(tPTX-AT). All surgical methods effectively control HPT, iPTH,
calcium, phosphorus, and other biochemical parameters and
clinical symptoms also improve (51).

tPTX involves the removal of all parathyroid glands and
suspected parathyroid tissue. The risk of postoperative
recurrence is low (52), but chronic hypoparathyroidism is
more likely (53). This is not generally considered a first-
line treatment.

sPTX retains normal vascular parathyroid tissue that is
approximately 30-50 mg or two to three parathyroid glands in
size (43). The advantage of this procedure is that the incidence of
postoperative hypocalcemia is low; however, the residual
parathyroid tissue is prone to recurrence (52). On this basis,
some experts have proposed a “near total parathyroidectomy,”
which leaves very small (3 mm x 3 mm x 3 mm) islands of
parathyroid residues in situ. Postoperative follow-up found a low
recurrence rate of HPT and normal parathyroid function (54).
Since sPTX reduces the risk of hypoparathyroidism, it is
generally preferred for THPT therapy (55).

tPTX-AT involves the removal of all parathyroid glands, and
the normal parathyroid tissue (30-50 mg, is cut into 1-2 mm’
fragments and transplanted into the forearm muscle (mostly) or
sternocleidomastoid muscle without arteriovenous fistula, and
sometimes even into subcutaneous tissues. This procedure
avoids postoperative hypocalcemia, is more effective at
improving quality of life than PTX alone, and the iPTH level
is not affected by the quantity and quality of graft fragments (43)
(Table 1). However, a limitation of this procedure is that
autologous parathyroid transplantation may lead to HPT
recurrence (52), but the persistence and recurrence probability
of HPT are much less than sPTX (41, 42)(Table 1). Thus, some
experts recommend tPTX-AT as the preferred surgical
management method for SHPT, because reoperation at the
forearm autograft site is simpler than in the neck after sPTX
(43). In addition to routine serum calcium, phosphorus, and
alkaline phosphatase checks, blood samples should be collected
from both forearms for the post-tPTX-AT evaluation of iPTH
(43). In previous studies, the iPTH of the transplanted side was
more than 1.5 times greater than that of the contralateral side,
indicating graft viability, and the iPTH value of the contralateral
side reflected the generalized iPTH level.

Some scholars have proposed the “subtotal parathyroidectomy
and relocation of remnants,” which refers to the removal of all
hyperplastic parathyroid glands and repositioning of a small
portion (50 mg) of vascularized parathyroid tissue on the
muscular surface of the subhyoid band, below the skin incision,
which has a good supply of blood vessels. This not only preserves
the ability of the residual glands to continue to secrete PTH and
reduces the probability of postoperative complications, but also
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does not require re-exploration after recurrence, and thus, avoids
damage to the recurrent laryngeal nerve (56).

In addition to parathyroid tissue, the hypothalamus and
thymus also express PTH mRNA. During embryonic
development, ectopic or supernumerary parathyroid glands
may be formed (57), and the incidence of ectopic parathyroid
glands in SHPT patients is 26%. In addition, the number of
parathyroid glands is variable, with patients typically presenting
with 3 to 8 parathyroid glands (1).At most ectopic parathyroid
glands are found in the thymus, so thorough neck exploration is
necessary to reduce the risk of postoperative recurrence and
reoperation (58). To this end, a new surgical approach, namely
decontamination PTX, has been proposed. This involves
complete removal of the thyroid cartilage, bilateral carotid
sheaths, the fibrofatty tissue around the innominate artery,
and complete removal of the parathyroid glands. It has
achieved a more durable and reliable effect in terms of
controlling PTH levels (57).

The transoral vestibular (59) and three-port submental (60)
endoscopic approaches commonly used in thyroidectomy are
also safe and feasible for PTX, providing the best cosmetic results
(59). Removal of all parathyroid glands (60), especially the
ectopic parathyroid glands within the upper mediastinum (59),
will most likely be popularized in the future. All parathyroid
glands must be explored regardless of the surgical approach and
the adipose tissue surrounding the glands must be completely
removed (61).

2.2.1.2 Intraoperative assistive technologies
Intraoperative assistive technologies are also required.
Nanocarbon suspension-assistance with negative parathyroid
imaging can protect the thyroid gland and recurrent laryngeal
nerve (62), improve success rates, and reduce complications.
Intraoperative neuromonitoring is also effective for patients
receiving PTX (63). In recent years, near-infrared fluorescence
imaging has received increasing attention due to its high tissue
penetration and tissue autofluorescence (64). The parathyroid
glands exhibit an 8.5-fold higher autofluorescence than do the
surrounding tissues, including the thyroid (65). As an innovative
point-of-care surgical imaging tool, it has a high sensitivity in
detecting adenomas and parathyroid hyperplasia (65); however,
this technique can only play a secondary role due to the low and
uneven autofluorescence distribution in SHPT lesions (66).
Indocyanine green is a water-soluble molecule that, when
bound to proteins, emits strong fluorescence with a peak
wavelength of about 830nm when excited by near-infrared
fluorescence. This imaging has high sensitivity in
distinguishing pathological parathyroid glands during surgery
and can also predict postoperative hypocalcemia (67). Thus,
imaging with indocyanine green during PTX helps surgeons to
detect and verify the parathyroid glands (64). Intraoperative
PTH detection not only contributes to the sensitivity and
accuracy of predicting early treatment outcomes, but also
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reduces recurrence rates (68). Generally, iPTH levels at 20
minutes post-surgery are used to predict the PTX success rate.
Compared with preoperative levels, an iPTH decrease rate >70%
is the criterion for successful surgery (69). At this time, PTH has
high sensitivity and specificity, and can reflect long-term
levels (70).

2.2.1.3 Postoperative-related complications
and recurrence

Common complications after PTX include hungry bone
syndrome, hypocalcemia, and hyperkalemia (71, 72). Age,
preoperative alkaline phosphatase, calcium, iPTH values, and
total weight of the removed parathyroid glands are all important
risk factors for the development of hungry bone syndrome (73).
Hungry bone syndrome or hypoparathyroidism can also cause
severe postoperative hypocalcemia, manifested as muscle spasms
(71). This is a major cause of readmission in patients after PTX
(72). Therefore, close monitoring of postoperative serum
calcium levels and intensive calcium supplementation are
required in young patients with high preoperative alkaline
phosphatase and PTH levels (74). Many patients develop
hyperkalemia after PTX, and preoperative serum potassium is
the only independent predictor (75). Therefore, regular and
comprehensive assessments of serum biochemistry and timely
correction are essential to reduce the incidence of complications.

Recurrence of HPT is also common after PTX, with iPTH
levels >300pg/mL after 6 months (76). This is associated with
hypertension, elevated creatinine, and elevated alkaline
phosphatase (77). In combined forearm autograft surgery, it is
recommended to extract PTH from the distal end of the graft site
to avoid obtaining falsely high PTH levels, leading to a
misdiagnosis of recurrent HPT (78). Reoperation is a safe and
effective treatment for recurrence after PTX (79).

2.2.2 Ablation

Ablation is a minimally invasive surgery mainly used for the
treatment of tumors and heart-related diseases, etc. Different types
of ablations include ethanol injection, microwave, radiofrequency,
and laser. These techniques are also applicable for HPT patients.
However, ablation is not often used clinically because incomplete
ablation after ethanol injection leads to a high 1-year SHPT
recurrence rate (around 80%) (80). Microwave ablation (MWA)
and radiofrequency ablation (RFA) are favored for HPT patients
with increased surgical risk because they are less invasive and have a
shorter treatment time and faster postoperative recovery. Ablation
is also feasible in hyperplasia of the four glands. In case of that,
ablation of all four glands at one time is recommended to better
control the iPTH value (80, 81).

MWA is performed by inserting an ablation needle into the
parathyroid tissue under ultrasound guidance and is terminated
when the entire nodule is hypoechoic and no flow signal is detected
(82). MWA is safe for the treatment of HPT as it can destroy
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parathyroid tissue (83). It can also be used for the treatment of
SHPT ectopic nodules (84), and all parathyroid glands found
during surgery should be completely ablated. Attention should
always be paid to the adjacent tissues and organs, such as the
esophagus and recurrent laryngeal nerve, to avoid damage (85).
However, MW A should not be used as an initial treatment for HPT,
because most patients do not respond significantly, which reduces
its effectiveness (50, 82). It is recommended for patients with poor
health status that are unable to undergo PTX. Hypocalcemia may
also occur after MWA (86).

RFA involves the complete ablation of hyperplastic parathyroid
glands with a radiofrequency generator and cooling electrodes
under ultrasound guidance (80). This can also be used to treat
HPT. Like WMA, RFA is also prone to post-operative
hypocalcemia, but the incidence is lower in patients who have
undergone two RFAs (80). Although RFA is a safe method, similar
to MWA, most patients are not sensitive to this treatment; thus, it
has only limited usefulness in HPT patients (87).

2.3 Other potential treatments

In addition to the treatments described above,
photodynamic therapy has recently been proposed. Originally
developed for cancer, photodynamic therapy is also used in
various clinical fields such as skin, venereal, and vascular
diseases. Administration of 5-aminolevulinic acid (5-ALA) at
specific sites leads to the accumulation of photosensitizing
protoporphyrin-IX in the heme biosynthetic pathway.
Irradiation with light intensity at an excitation wavelength
excites porphyrin-IX and initiates a series of photochemical
reactions responses, leading to cell damage and death (88, 89).
Studies have found that after intraperitoneal injection of 5-ALA
into rats, light irradiation of the parathyroid glands can destroy
the parathyroid gland tissue to treat SHPT (88); thus, this also
provides a new idea for the clinical treatment of SHPT.

3 Summary and outlook

While our understanding of all aspects of SHPT and THPT
remains limited, treatment methods have been continuously
developed and improved in recent years. These methods
emphasize the importance of early detection, diagnosis, and
treatment. In particular, surgeons continue to innovate with
minimally invasive and open procedures, and propose new
surgical techniques and approaches. This improves the success
rate of interventions and reduces postoperative complications, as
new treatment schemes for patients with related diseases are
provided. However, because medications are expensive and the
postoperative complication and mortality rates remain high,
current treatment of SHPT and THPT still faces many
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challenges. In the future, doctors will need to continue to pay
attention to these diseases, further explore effective drug
development and treatment, rationally design surgical plans,
improve surgical quality, and conduct early intervention and
reasonable treatment for patients at risk. In this way, we can
delay or prevent progression of the disease and improve patient
quality of life as well as survival.

Author contributions

This mini review is the result of the contributions of all
authors. QZ and L-XZ conceived and designed the study. L-XZ
and BZ wrote the manuscript. X-YL, Z-MW, PQ, and T-YZ
reviewed and edited the manuscript. All authors contributed to
the article and approved the submitted version.

References

1. Rosen RD, Bordoni B. Embryology, parathyroid. StatPearls. In: Treasure
island (FL): StatPearls publishing copyright © 2022. StatPearls Publishing LLC
(2022).

2. Khan NB, Nawaz MA, Jjaz A, Memon AA, Asif N, Khadim MT, et al.
Biochemical spectrum of parathyroid disorders diagnosed at a tertiary care setting.
J Pak Med Assoc (2020) 70(2):243-7. doi: 10.5455/jpma.302643153

3. Massimetti C, Bellasi A, Feriozzi S. [Cholecalciferol supplementation
improves secondary hyperparathyroidism control in hemodialysis patients].
G Ital Nefrol (2020) 37(3):i249-50. doi: 10.1093/ndt/gfy104.fp616

4. Jannot M, Normand M, Chabroux-Seffert A, Azzouz L, Afiani A, Jurine J,
et al. Evolution of secondary hyperparathyroidism in patients following return to
hemodialysis after kidney transplant failure. Nephrol Ther (2020) 16(2):118-23.
doi: 10.1016/j.nephro.2019.07.328

5. Mendonga FM, Neves JS, Silva MM, Borges-Canha M, Costa C, Cabral PM,
et al. Secondary hyperparathyroidism among bariatric patients: Unraveling the
prevalence of an overlooked foe. Obes Surg (2021) 31(8):3768-75. doi: 10.1007/
$11695-021-05495-7

6. Berger MG, Pandian TK, Lyden ML, McKenzie T, Drake MT, Dy BM.
Preoperative imaging in renal transplant patients with tertiary
hyperparathyroidism. World ] Surg (2021) 45(8):2454-62. doi: 10.1007/s00268-
021-06098-0

7. Ishida H, Komaba H, Hamano N, Yamato H, Sawada K, Wada T, et al.
Skeletal and mineral metabolic effects of risedronate in a rat model of high-
turnover renal osteodystrophy. ] Bone Miner Metab (2020) 38(4):501-10.
doi: 10.1007/s00774-020-01095-0

8. Kono K, Fujii H, Watanabe K, Goto S, Nishi S. Relationship between
parathyroid hormone and renin-angiotensin-aldosterone system in hemodialysis
patients with secondary hyperparathyroidism. J Bone Miner Metab (2021) 39
(2):230-6. doi: 10.1007/s00774-020-01139-5

9. Cappellacci F, Medas F, Canu GL, Lai ML, Conzo G, Erdas E, et al.
Parathyroid carcinoma in the setting of tertiary hyperparathyroidism: Case
report and review of the literature. Case Rep Endocrinol (2020) 2020:5710468.
doi: 10.1155/2020/5710468

10. Rodrigo JP, Hernandez-Prera JC, Randolph GW, Zafereo ME, Hartl DM,
Silver CE, et al. Parathyroid cancer: An update. Cancer Treat Rev (2020) 86:102012.
doi: 10.1016/j.ctrv.2020.102012

11. Huimin C, Ying C, Changying X, Xiaoming Z, Yan Z, Qingting W, et al.
Effects of parathyroidectomy on plasma iPTH and (1-84) PTH levels in patients
with stage 5 chronic kidney disease. Horm Metab Res (2018) 50(10):761-7.
doi: 10.1055/a-0723-2807

12. Tsukamoto Y, Moriya R, Nagaba Y, Morishita T, Izumida I, Okubo M. Effect
of administering calcium carbonate to treat secondary hyperparathyroidism in
nondialyzed patients with chronic renal failure. Am J Kidney Dis (1995) 25(6):879-
86. doi: 10.1016/0272-6386(95)90570-7

Frontiers in Endocrinology

10.3389/fendo.2022.1059828

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

13. Lai T, Frugoli A, Barrows B, Salehpour M. Sevelamer carbonate crystal-
induced colitis. Case Rep Gastrointest Med (2020) 2020:4646732. doi: 10.1155/
2020/4646732

14. Xiao X, Liu Y, Zhong X, Liu Y, Zhou D, Xiong X, et al. Sevelamer
hydrochloride suppresses proliferation of parathyroid cells during the early
phase of chronic renal failure in rats. Nephrol (Carlton) (2019) 24(1):127-33.
doi: 10.1111/nep.13215

15. Tatemichi S, Nakagaki F, Yoshioka S, Shichiri N. [Pharmacological,
pharmaceutical and clinical profiles of sucroferric oxyhydroxide (P-TOL(®)
chewable tab. 250 mg, 500 mg), a therapeutic agent for hyperphosphatemia].
Nihon Yakurigaku Zasshi (2018) 151(2):75-86. doi: 10.1254/fpj.151.75

16. Yaguchi A, Tatemichi S, Takeda H, Kobayashi M. PA21, a novel phosphate
binder, improves renal osteodystrophy in rats with chronic renal failure. PloS One
(2017) 12(7):¢0180430. doi: 10.1371/journal.pone.0180430

17. Ojeda Lopez R, Esquivias de Motta E, Carmona A, Garcia Montemayor V,
Berdud I, Martin Malo A, et al. Correction of 25-OH-vitamin d deficiency
improves control of secondary hyperparathyroidism and reduces the
inflammation in stable haemodialysis patients. Nefrologia (Engl Ed) (2018) 38
(1):41-7. doi: 10.1016/j.nefro.2017.05.008

18. Lu CL, Shyu JF, Wu CC, Hung CF, Liao MT, Liu WC, et al. Association of
anabolic effect of calcitriol with osteoclast-derived wnt 10b secretion. Nutrients
(2018) 10(9):1164. doi: 10.3390/nul0091164

19. Thadhani RI, Rosen S, Ofsthun NJ, Usvyat LA, Dalrymple LS, Maddux FW,
et al. Conversion from intravenous vitamin d analogs to oral calcitriol in patients
receiving maintenance hemodialysis. Clin ] Am Soc Nephrol (2020) 15(3):384-91.
doi: 10.2215/¢jn.07960719

20. Rauscher S, Lafrance JP, Pichette V, Bell RZ, Desforges K, Lepage L, et al.
Conversion of oral alfacalcidol to oral calcitriol in the treatment of secondary
hyperparathyroidism in chronic hemodialysis patients. Int Urol Nephrol (2017) 49
(2):325-8. doi: 10.1007/s11255-016-1446-1

21. Pandey R, Zella JB, Zhu JG, Plum LA, Clagett-Dame M, Blaser WJ, et al.
Pharmacokinetics of a new oral vitamin d receptor activator (2-Methylene-19-Nor-
(20S)-101,25-Dihydroxyvitamin D(3)) in patients with chronic kidney disease and
secondary hyperparathyroidism on hemodialysis. Drugs R D (2017) 17(4):597-605.
doi: 10.1007/s40268-017-0210-z

22. Koc H, Hoser H, Akdag Y, Kendir C, Ersoy FF. Treatment of secondary
hyperparathyroidism with paricalcitol in patients with end-stage renal disease
undergoing hemodialysis in Turkey: An observational study. Int Urol Nephrol
(2019) 51(7):1261-70. doi: 10.1007/s11255-019-02175-5

23. Danese MD, Lubeck D, Belozeroff V, Lin TC, Desai P, Gleeson M, et al. Real
world use and effects of calcimimetics in treating mineral and bone disorder in
hemodialysis patients. Am J Nephrol (2020) 51(10):815-22. doi: 10.1159/000510360

24. Bucharles SGE, Barreto FC, Riella MC. The impact of cinacalcet in the
mineral metabolism markers of patients on dialysis with severe secondary

frontiersin.org


https://doi.org/10.5455/jpma.302643153
https://doi.org/10.1093/ndt/gfy104.fp616
https://doi.org/10.1016/j.nephro.2019.07.328
https://doi.org/10.1007/s11695-021-05495-7
https://doi.org/10.1007/s11695-021-05495-7
https://doi.org/10.1007/s00268-021-06098-0
https://doi.org/10.1007/s00268-021-06098-0
https://doi.org/10.1007/s00774-020-01095-0
https://doi.org/10.1007/s00774-020-01139-5
https://doi.org/10.1155/2020/5710468
https://doi.org/10.1016/j.ctrv.2020.102012
https://doi.org/10.1055/a-0723-2807
https://doi.org/10.1016/0272-6386(95)90570-7
https://doi.org/10.1155/2020/4646732
https://doi.org/10.1155/2020/4646732
https://doi.org/10.1111/nep.13215
https://doi.org/10.1254/fpj.151.75
https://doi.org/10.1371/journal.pone.0180430
https://doi.org/10.1016/j.nefro.2017.05.008
https://doi.org/10.3390/nu10091164
https://doi.org/10.2215/cjn.07960719
https://doi.org/10.1007/s11255-016-1446-1
https://doi.org/10.1007/s40268-017-0210-z
https://doi.org/10.1007/s11255-019-02175-5
https://doi.org/10.1159/000510360
https://doi.org/10.3389/fendo.2022.1059828
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhang et al.

hyperparathyroidism. J Bras Nefrol (2019) 41(3):336-44. doi: 10.1590/2175-8239-
jbn-2018-0219

25. Hamano N, Endo Y, Kawata T, Fukagawa M. Development of evocalcet for
unmet needs among calcimimetic agents. Expert Rev Endocrinol Metab (2020) 15
(5):299-310. doi: 10.1080/17446651.2020.1780911

26. Anagnostis P, Vamvakidis K, Tournis S. Successful management of tertiary
hyperparathyroidism associated with hypophosphataemic rickets in an adult. J
Mousculoskelet Neuronal Interact (2019) 19(3):370-3. doi: 10.1530/endoabs.63.P470

27. Okuno S, Inaba M, Ishimura E, Nakatani S, Chou H, Shoji S, et al. Effects of
long-term cinacalcet administration on parathyroid gland in hemodialysis patients
with secondary hyperparathyroidism. Nephron (2019) 142(2):106-13. doi: 10.1159/
000496808

28. Ruderman I, Holt SG, Kirkland GS, Maslen S, Hawley CM, Oliver V, et al.
Outcomes of cinacalcet withdrawal in Australian dialysis patients. Intern Med ]
(2019) 49(1):48-54. doi: 10.1111/imj.14036

29. Fukagawa M, Shimazaki R, Akizawa T. Head-to-head comparison of the
new calcimimetic agent evocalcet with cinacalcet in Japanese hemodialysis patients
with secondary hyperparathyroidism. Kidney Int (2018) 94(4):818-25.
doi: 10.1016/j.kint.2018.05.013

30. Harada K, Fujioka A, Konno M, Inoue A, Yamada H, Hirota Y.
Pharmacology of parsabiv(®) (etelcalcetide, ONO-5163/AMG 416), a novel
allosteric modulator of the calcium-sensing receptor, for secondary
hyperparathyroidism in hemodialysis patients. Eur ] Pharmacol (2019) 842:139—
45. doi: 10.1016/j.¢jphar.2018.10.021

31. Louie KS, Erhard C, Wheeler DC, Stenvinkel P, Fouqueray B, Floege J.
Cinacalcet-induced hypocalcemia in a cohort of European haemodialysis patients:
Predictors, therapeutic approaches and outcomes. ] Nephrol (2020) 33(4):803-16.
doi: 10.1007/540620-019-00686-z

32. Ngamkam J, Vadcharavivad S, Areepium N, Auamnoy T, Takkavatakarn K,
Katavetin P, et al. The impact of CASR A990G polymorphism in response to
cinacalcet treatment in hemodialysis patients with secondary hyperparathyroidism.
Sci Rep (2021) 11(1):18006. doi: 10.1038/s41598-021-97587-8

33. Otsuka K, Ohno Y, Oshima J. Gallstones were associated with the
gastrointestinal adverse events of cinacalcet in hemodialysis patients with
secondary hyperparathyroidism. Ren Fail (2018) 40(1):38-42. doi: 10.1080/
0886022x.2017.1419971

34. XuJ, Yang Y, Ma L, Fu P, Peng H. Cinacalcet plus vitamin d versus vitamin
d alone for the treatment of secondary hyperparathyroidism in patients undergoing
dialysis: A meta-analysis of randomized controlled trials. Int Urol Nephrol (2019)
51(11):2027-36. doi: 10.1007/s11255-019-02271-6

35. Yu L, Tomlinson JE, Alexander ST, Hensley K, Han CY, Dwyer D, et al.
Etelcalcetide, a novel calcimimetic, prevents vascular calcification in a rat model of
renal insufficiency with secondary hyperparathyroidism. Calcif Tissue Int (2017)
101(6):641-53. doi: 10.1007/s00223-017-0319-7

36. Chen X], Chen X, Wu WJ, Zhou Q, Gong XH, Shi BM. Effects of FGF-23-
mediated ERK/MAPK signaling pathway on parathyroid hormone secretion of
parathyroid cells in rats with secondary hyperparathyroidism. J Cell Physiol (2018)
233(9):7092-102. doi: 10.1002/jcp.26525

37. Li X, Yu L, Asuncion F, Grisanti M, Alexander S, Hensley K, et al.
Etelcalcetide (AMG 416), a peptide agonist of the calcium-sensing receptor,
preserved cortical bone structure and bone strength in subtotal nephrectomized
rats with established secondary hyperparathyroidism. Bone (2017) 105:163-72.
doi: 10.1016/j.bone.2017.08.026

38. Fukagawa M, Yokoyama K, Shigematsu T, Akiba T, Fujii A, Kuramoto T,
et al. A phase 3, multicentre, randomized, double-blind, placebo-controlled,
parallel-group study to evaluate the efficacy and safety of etelcalcetide (ONO-
5163/AMG 416), a novel intravenous calcimimetic, for secondary
hyperparathyroidism in Japanese haemodialysis patients. Nephrol Dial
Transplant (2017) 32(10):1723-30. doi: 10.1093/ndt/gfw408

39. Massimetti C, Tondo M, Feriozzi S. [Long-term efficacy and safety of
etelcalcetide in hemodialysis patients with severe secondary
hyperparathyroidism]. G Ital Nefrol (2020) 37(5):1397. doi: 10.1093/ndt/
gfaal42.p1397

40. Block GA, Bushinsky DA, Cheng S, Cunningham J, Dehmel B, Drueke TB,
et al. Effect of etelcalcetide vs cinacalcet on serum parathyroid hormone in patients
receiving hemodialysis with secondary hyperparathyroidism: A randomized
clinical trial. Jama (2017) 317(2):156-64. doi: 10.1001/jama.2016.19468

41. Sari R, Yabanoglu H, Hargura AS, Kus M, Arer IM. Outcomes of total
parathyroidectomy with autotransplantation versus subtotal parathyroidectomy
techniques for secondary hyperparathyroidism in chronic renal failure. J Coll
Physicians Surg Pak (2020) 30(1):18-22. doi: 10.29271/jcpsp.2020.01.18

42. Zmijewski PV, Staloff JA, Wozniak M]J, Mazzaglia PJ. Subtotal
parathyroidectomy vs total parathyroidectomy with autotransplantation for
secondary hyperparathyroidism in dialysis patients: Short- and long-term

Frontiers in Endocrinology

07

10.3389/fendo.2022.1059828

outcomes. J Am Coll Surg (2019) 228(6):831-8. doi: 10.1016/
jjamcollsurg.2019.01.019

43. Albuquerque RFC, Carbonara CEM, Martin RCT, Dos Reis LM, do
Nascimento CPJ, Arap SS, et al. Parathyroidectomy in patients with chronic
kidney disease: Impacts of different techniques on the biochemical and clinical
evolution of secondary hyperparathyroidism. Surgery (2018) 163(2):381-7.
doi: 10.1016/j.surg.2017.09.005

44. Sakai M, Tokunaga S, Kawai M, Murai M, Kobayashi M, Kitayama T, et al.
Evocalcet prevents ectopic calcification and parathyroid hyperplasia in rats with
secondary hyperparathyroidism. PloS One (2020) 15(4):e0232428. doi: 10.1371/
journal.pone.0232428

45. Iwashita Y, Ohya M, Yashiro M, Sonou T, Kawakami K, Nakashima Y, et al.
Dietary changes involving bifidobacterium longum and other nutrients delays
chronic kidney disease progression. Am ] Nephrol (2018) 47(5):325-32.
doi: 10.1159/000488947

46. Pratt RM, West ML, Tennankore KK. Use of denosumab to treat refractory
hypercalcemia in a peritoneal dialysis patient with immobilization and tertiary
hyperparathyroidism. Perit Dial Int (2020) 40(1):103-6. doi: 10.1177/
0896860819880095

47. Alkhalili E, Tasci Y, Aksoy E, Aliyev S, Soundararajan S, Taskin E, et al. The
utility of neck ultrasound and sestamibi scans in patients with secondary and
tertiary hyperparathyroidism. World J Surg (2015) 39(3):701-5. doi: 10.1007/
500268-014-2878-3

48. Li X, Li J, Li Y, Wang H, Yang ], Mou §, et al. The role of preoperative
ultrasound, contrast-enhanced ultrasound, and 99mTc-MIBI scanning with single-
photon emission computed tomography/X-ray computed tomography localization
in refractory secondary hyperparathyroidism. Clin Hemorheol Microcirc (2020) 75
(1):35-46. doi: 10.3233/ch-190723

49. Hiramitsu T, Tomosugi T, Okada M, Futamura K, Tsujita M, Goto N, et al.
Pre-operative localisation of the parathyroid glands in secondary
hyperparathyroidism: A retrospective cohort study. Sci Rep (2019) 9(1):14634.
doi: 10.1038/5s41598-019-51265-y

50. Zhao ], Qian L, Teng C, Yu M, Liu F, Liu Y, et al. A short-term non-
randomized controlled study of ultrasound-guided microwave ablation and
parathyroidectomy for secondary hyperparathyroidism. Int J Hyperthermia
(2021) 38(1):1558-65. doi: 10.1080/02656736.2021.1904153

51. Neagoe RM, Sala DT, Voidazan S, Arpad T, Cosma GM, Muresan S, et al. A
comparative analysis of three types of parathyroidectomies in renal
hyperparathyroidism single centre prospective cohort of 77 patients. Ann Ital
Chir (2021) 92:6-12.

52. Zhu M, Zhang Z, Lin F, Miao J, Wang P, Zhang C, et al. Therapeutic
experience of severe and recurrent secondary hyperparathyroidism in a patient on
hemodialysis for 18 years: A case report. Med (Baltimore) (2018) 97(20):e10816.
doi: 10.1097/md.0000000000010816

53. Isaksson E, Ivarsson K, Akaberi S, Muth A, Priitz KG, Clyne N, et al. Total
versus subtotal parathyroidectomy for secondary hyperparathyroidism. Surgery
(2019) 165(1):142-50. doi: 10.1016/j.surg.2018.04.076

54. Puccini M, Ceccarelli C, Meniconi O, Zullo C, Prosperi V, Miccoli M, et al.
Near total parathyroidectomy for the treatment of renal hyperparathyroidism.
Gland Surg (2017) 6(6):638-43. doi: 10.21037/g5.2017.09.12

55. Ermer JP, Kelz RR, Fraker DL, Wachtel H. Intraoperative parathyroid
hormone monitoring in parathyroidectomy for tertiary hyperparathyroidism. J
Surg Res (2019) 244:77-83. doi: 10.1016/j.js5.2019.06.020

56. Low TH, Yoo J. Subtotal parathyroidectomy and relocation of the
parathyroid remnant for renal hyperparathyroidism: Modification of a
traditional operation. J Otolaryngol Head Neck Surg (2017) 46(1):60.
doi: 10.1186/540463-017-0238-7

57. Shan CX, Qiu NC, Zha SL, Liu ME, Wang Q, Zhu PP, et al. A novel surgical
strategy for secondary hyperparathyroidism: Purge parathyroidectomy. Int J Surg
(2017) 43:112-8. doi: 10.1016/j.ijsu.2017.05.062

58. Reitz R, 3rd, Dreimiller A, Khil A, Horwitz E, McHenry CR. Ectopic and
supernumerary parathyroid glands in patients with refractory renal
hyperparathyroidism. Surgery (2021) 169(3):513-8. doi: 10.1016/j.surg.2020.08.007

59. Wu Y], Cheng BC, Chiu CH, Huang SC, Li LC, Chung SY, et al. Successful
modified transoral endoscopic parathyroidectomy vestibular approach for
secondary hyperparathyroidism with ectopic mediastinal glands. Surg Laparosc
Endosc Percutan Tech (2019) 29(6):e88-93. doi: 10.1097/s1e.0000000000000727

60. Piromchai P. Endoscopic parathyroidectomy using a three-port submental
approach. Langenbecks Arch Surg (2020) 405(2):241-6. doi: 10.1007/s00423-020-
01861-8

61. Kakuta T, Sawada K, Kanai G, Tatsumi R, Miyakogawa T, Ishida M, et al.
Parathyroid hormone-producing cells exist in adipose tissues surrounding the
parathyroid glands in hemodialysis patients with secondary hyperparathyroidism.
Sci Rep (2020) 10(1):3290. doi: 10.1038/541598-020-60045-y

frontiersin.org


https://doi.org/10.1590/2175-8239-jbn-2018-0219
https://doi.org/10.1590/2175-8239-jbn-2018-0219
https://doi.org/10.1080/17446651.2020.1780911
https://doi.org/10.1530/endoabs.63.P470
https://doi.org/10.1159/000496808
https://doi.org/10.1159/000496808
https://doi.org/10.1111/imj.14036
https://doi.org/10.1016/j.kint.2018.05.013
https://doi.org/10.1016/j.ejphar.2018.10.021
https://doi.org/10.1007/s40620-019-00686-z
https://doi.org/10.1038/s41598-021-97587-8
https://doi.org/10.1080/0886022x.2017.1419971
https://doi.org/10.1080/0886022x.2017.1419971
https://doi.org/10.1007/s11255-019-02271-6
https://doi.org/10.1007/s00223-017-0319-7
https://doi.org/10.1002/jcp.26525
https://doi.org/10.1016/j.bone.2017.08.026
https://doi.org/10.1093/ndt/gfw408
https://doi.org/10.1093/ndt/gfaa142.p1397
https://doi.org/10.1093/ndt/gfaa142.p1397
https://doi.org/10.1001/jama.2016.19468
https://doi.org/10.29271/jcpsp.2020.01.18
https://doi.org/10.1016/j.jamcollsurg.2019.01.019
https://doi.org/10.1016/j.jamcollsurg.2019.01.019
https://doi.org/10.1016/j.surg.2017.09.005
https://doi.org/10.1371/journal.pone.0232428
https://doi.org/10.1371/journal.pone.0232428
https://doi.org/10.1159/000488947
https://doi.org/10.1177/0896860819880095
https://doi.org/10.1177/0896860819880095
https://doi.org/10.1007/s00268-014-2878-3
https://doi.org/10.1007/s00268-014-2878-3
https://doi.org/10.3233/ch-190723
https://doi.org/10.1038/s41598-019-51265-y
https://doi.org/10.1080/02656736.2021.1904153
https://doi.org/10.1097/md.0000000000010816
https://doi.org/10.1016/j.surg.2018.04.076
https://doi.org/10.21037/gs.2017.09.12
https://doi.org/10.1016/j.jss.2019.06.020
https://doi.org/10.1186/s40463-017-0238-7
https://doi.org/10.1016/j.ijsu.2017.05.062
https://doi.org/10.1016/j.surg.2020.08.007
https://doi.org/10.1097/sle.0000000000000727
https://doi.org/10.1007/s00423-020-01861-8
https://doi.org/10.1007/s00423-020-01861-8
https://doi.org/10.1038/s41598-020-60045-y
https://doi.org/10.3389/fendo.2022.1059828
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zhang et al.

62. Liu Q, Gan Y, Wu J, Li X, Fossi Paul Cedric N. [Application of carbon
nanoparticles suspension injection in uremic patients with secondary
hyperparathyroidism underwent total parathyroidectomy: 2 case report and
literature review]. Zhong Nan Da Xue Xue Bao Yi Xue Ban (2017) 42(7):865-8.
doi: 10.11817/j.issn.1672-7347.2017.07.021

63. Hiramitsu T, Tomosugi T, Okada M, Futamura K, Goto N, Narumi S, et al.
Intraoperative recurrent laryngeal nerve monitoring using endotracheal
electromyography during parathyroidectomy for secondary hyperparathyroidism.
J Int Med Res (2021) 49(3):3000605211000987. doi: 10.1177/03000605211000987

64. CuiL, GaoY, YuH, Li M, Wang B, Zhou T, et al. Intraoperative parathyroid
localization with near-infrared fluorescence imaging using indocyanine green
during total parathyroidectomy for secondary hyperparathyroidism. Sci Rep
(2017) 7(1):8193. doi: 10.1038/s41598-017-08347-6

65. Wolf HW, Grumbeck B, Runkel N. Intraoperative verification of
parathyroid glands in primary and secondary hyperparathyroidism using near-
infrared autofluorescence (IOPA). Updates Surg (2019) 71(3):579-85. doi: 10.1007/
$13304-019-00652-1

66. Takeuchi M, Takahashi T, Shodo R, Ota H, Ueki Y, Yamazaki K, et al.
Comparison of autofluorescence with near-infrared fluorescence imaging between
primary and secondary hyperparathyroidism. Laryngoscope (2021) 131(6):E2097-
e104. doi: 10.1002/lary.29310

67. DiMeo G, Karampinis I, Gerken A, Lammert A, Pellicani S, Nowak K. Indocyanine
green fluorescence angiography can guide intraoperative localization during parathyroid
surgery. Scand J Surg (2021) 110(1):59-65. doi: 10.1177/1457496919877581

68. Steffen L, Moffa G, Miiller PC, Oertli D. Secondary hyperparathyroidism:
Recurrence after total parathyroidectomy with autotransplantation. Swiss Med
Wkly (2019) 149:w20160. doi: 10.4414/smw.2019.20160

69. ZhangY, LuY, Feng S, Zhan Z, Shen H. Evaluation of laboratory parameters and
symptoms after parathyroidectomy in dialysis patients with secondary
hyperparathyroidism. Ren Fail (2019) 41(1):921-9. doi: 10.1080/0886022x.2019.1666724

70. Casarim ALM, Arcadipane F, Martins AS, Del Negro A, Rodrigues AAN,
Tincani AJ, et al. Pattern of intraoperative parathyroid hormone and calcium in the
treatment of tertiary hyperparathyroidism. Otolaryngol Head Neck Surg (2019) 161
(6):954-9. doi: 10.1177/0194599819866819

71. Adiya S, Damdinsuren K, Dorj C. Severe secondary hyperparathyroidism in
a hemodialysis patient: A case report from Mongolia. Blood Purif (2017) 44 Suppl
1:35-40. doi: 10.1159/000479616

72. El-Husseini A, Wang K, Edon A, Saxon D, Lima F, Sloan D, et al. Value of
intraoperative parathyroid hormone assay during parathyroidectomy in dialysis
and renal transplant patients with secondary and tertiary hyperparathyroidism.
Nephron (2018) 138(2):119-28. doi: 10.1159/000482016

73. Ge Y, Yang G, Wang N, Zha X, Yu X, Mao H, et al. Bone metabolism
markers and hungry bone syndrome after parathyroidectomy in dialysis patients
with secondary hyperparathyroidism. Int Urol Nephrol (2019) 51(8):1443-9.
doi: 10.1007/s11255-019-02217-y

74. Wong J, Fu WH, Lim ELA, Ng CFJ, Choong HL. Hungry bone syndrome
after parathyroidectomy in end-stage renal disease patients: Review of an alkaline
phosphatase-based treatment protocol. Int Urol Nephrol (2020) 52(3):557-64.
doi: 10.1007/s11255-020-02387-0

75. Song YH, Cai GY, Xiao YF, Wang YP, Yang ST, Chen XM. Can we predict
who will develop postoperative hyperkalaemia after parathyroidectomy in dialysis
patients with secondary hyperparathyroidism? BMC Nephrol (2019) 20(1):225.
doi: 10.1186/512882-019-1416-9

Frontiers in Endocrinology

08

10.3389/fendo.2022.1059828

76. Li JG, Xiao ZS, Hu XJ, Li Y, Zhang X, Zhang SZ, et al. Total
parathyroidectomy with forearm auto-transplantation improves the quality of
life and reduces the recurrence of secondary hyperparathyroidism in chronic
kidney disease patients. Med (Baltimore) (2017) 96(49):€9050. doi: 10.1097/
md.0000000000009050

77. Tang JA, Salapatas AM, Bonzelaar LB, Friedman M. Parathyroidectomy for
the treatment of hyperparathyroidism: Thirty-day morbidity and mortality.
Laryngoscope (2018) 128(2):528-33. doi: 10.1002/lary.26604

78. Khalil D, Kerr PD. PTH monitoring after total parathyroidectomy with
forearm auto-transplantation: Potential for spuriously high levels from grafted
forearm. J Otolaryngol Head Neck Surg (2017) 46(1):49. doi: 10.1186/540463-017-
0226-y

79. Hua Z, Zhang L, Li C, Deng ZL, Yao L. [Clinical analysis of reoperation for
secondary hyperparathyroidism]. Zhonghua Wai Ke Za Zhi (2018) 56(6):442-6.
doi: 10.3760/cma.j.issn.0529-5815.2018.06.011

80. Zeng Z, Peng CZ, Liu JB, Li YW, He HF, Hu QH, et al. Efficacy of
ultrasound-guided radiofrequency ablation of parathyroid hyperplasia: Single
session vs. Two-Session Effect Hypocalcemia Sci Rep (2020) 10(1):6206.
doi: 10.1038/541598-020-63299-8

81. Peng C, Zhang Z, Liu J, Chen H, Tu X, Hu R, et al. Efficacy and safety of
ultrasound-guided radiofrequency ablation of hyperplastic parathyroid gland for
secondary hyperparathyroidism associated with chronic kidney disease. Head Neck
(2017) 39(3):564-71. doi: 10.1002/hed.24657

82. Diao Z, Wang L, Li D, Liu W. Efficacy of microwave ablation for severe
secondary hyperparathyroidism in subjects undergoing hemodialysis. Ren Fail
(2017) 39(1):140-5. doi: 10.1080/0886022x.2016.1256307

83. Wei Y, Peng LL, Zhao ZL, Li Y, Yu MA. Complications encountered in the
treatment of primary and secondary hyperparathyroidism with microwave ablation
- a retrospective study. Int ] Hyperthermia (2019) 36(1):1264-71. doi: 10.1080/
02656736.2019.1699965

84. LiX, WeiY, Shao H, Peng L, An C, Yu MA. Efficacy and safety of microwave
ablation for ectopic secondary hyperparathyroidism: A feasibility study. Int J
Hyperthermia (2019) 36(1):647-53. doi: 10.1080/02656736.2019.1627429

85. Ma H, Ouyang C, Huang Y, Xing C, Cheng C, Liu W, et al. Comparison of
microwave ablation treatments in patients with renal secondary and primary
hyperparathyroidism. Ren Fail (2020) 42(1):66-76. doi: 10.1080/
0886022x.2019.1707097

86. Wei Y, Yu MA, Qian LX, Zhao ZL, Cao X]J, Peng LL, et al. Hypocalcemia
after ultrasound-guided microwave ablation and total parathyroidectomy for
secondary hyperparathyroidism: A retrospective study. Int | Hyperthermia
(2020) 37(1):819-25. doi: 10.1080/02656736.2020.1785557

87. Ha EJ, Baek JH, Baek SM. Minimally invasive treatment for benign
parathyroid lesions: Treatment efficacy and safety based on nodule
characteristics. Korean J Radiol (2020) 21(12):1383-92. doi: 10.3348/kjr.2020.0037

88. Miyakogawa T, Kanai G, Tatsumi R, Takahashi H, Sawada K, Kakuta T,
et al. Feasibility of photodynamic therapy for secondary hyperparathyroidism in
chronic renal failure rats. Clin Exp Nephrol (2017) 21(4):563-72. doi: 10.1007/
510157-016-1335-z

89. Zeng L, Zou Q, Huang P, Xiong L, Cheng Y, Chen Q, et al. Inhibition of
autophagy with chloroquine enhanced apoptosis induced by 5-aminolevulinic
acid-photodynamic therapy in secondary hyperparathyroidism primary cells and
organoids. BioMed Pharmacother (2021) 142:111994. doi: 10.1016/
j-biopha.2021.111994

frontiersin.org


https://doi.org/10.11817/j.issn.1672-7347.2017.07.021
https://doi.org/10.1177/03000605211000987
https://doi.org/10.1038/s41598-017-08347-6
https://doi.org/10.1007/s13304-019-00652-1
https://doi.org/10.1007/s13304-019-00652-1
https://doi.org/10.1002/lary.29310
https://doi.org/10.1177/1457496919877581
https://doi.org/10.4414/smw.2019.20160
https://doi.org/10.1080/0886022x.2019.1666724
https://doi.org/10.1177/0194599819866819
https://doi.org/10.1159/000479616
https://doi.org/10.1159/000482016
https://doi.org/10.1007/s11255-019-02217-y
https://doi.org/10.1007/s11255-020-02387-0
https://doi.org/10.1186/s12882-019-1416-9
https://doi.org/10.1097/md.0000000000009050
https://doi.org/10.1097/md.0000000000009050
https://doi.org/10.1002/lary.26604
https://doi.org/10.1186/s40463-017-0226-y
https://doi.org/10.1186/s40463-017-0226-y
https://doi.org/10.3760/cma.j.issn.0529-5815.2018.06.011
https://doi.org/10.1038/s41598-020-63299-8
https://doi.org/10.1002/hed.24657
https://doi.org/10.1080/0886022x.2016.1256307
https://doi.org/10.1080/02656736.2019.1699965
https://doi.org/10.1080/02656736.2019.1699965
https://doi.org/10.1080/02656736.2019.1627429
https://doi.org/10.1080/0886022x.2019.1707097
https://doi.org/10.1080/0886022x.2019.1707097
https://doi.org/10.1080/02656736.2020.1785557
https://doi.org/10.3348/kjr.2020.0037
https://doi.org/10.1007/s10157-016-1335-z
https://doi.org/10.1007/s10157-016-1335-z
https://doi.org/10.1016/j.biopha.2021.111994
https://doi.org/10.1016/j.biopha.2021.111994
https://doi.org/10.3389/fendo.2022.1059828
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Advances in the treatment of secondary and tertiary hyperparathyroidism
	1 Introduction
	2 Treatment for HPT
	2.1 Medical therapy for SHPT and THPT
	2.1.1 Phosphorus binders
	2.1.2 Vitamin D and analogs
	2.1.3 Calcimimetics
	2.1.4 Other medical treatments

	2.2 Surgical treatment of SHPT and THPT
	2.2.1 PTX
	2.2.1.1 Surgical approach
	2.2.1.2 Intraoperative assistive technologies
	2.2.1.3 Postoperative-related complications and recurrence

	2.2.2 Ablation

	2.3 Other potential treatments

	3 Summary and outlook
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


