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Treatment for secondary
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on parathyroidectomy
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Yoshihiko Watarai , Yoshihiro Tominaga and Toshihiro Ichimori

Department of Transplant and Endocrine Surgery, Japanese Red Cross Aichi Medical Center Nagoya
Daini Hospital, Nagoya, Japan
Secondary hyperparathyroidism (SHPT) is a major problem for patients with

chronic kidney disease and can cause many complications, including

osteodystrophy, fractures, and cardiovascular diseases. Treatment for SHPT

has changed radically with the advent of calcimimetics; however,

parathyroidectomy (PTx) remains one of the most important treatments. For

successful PTx, removing all parathyroid glands (PTGs) without complications is

essential to prevent persistent or recurrent SHPT. Preoperative imaging studies

for the localization of PTGs, such as ultrasonography, computed tomography,

and 99mTc-Sestamibi scintigraphy, and intraoperative evaluation methods to

confirm the removal of all PTGs, including, intraoperative intact parathyroid

hormone monitoring and frozen section diagnosis, are useful. Functional and

anatomical preservation of the recurrent laryngeal nerves can be confirmed via

intraoperative nerve monitoring. Total or subtotal PTx with or without

transcervical thymectomy and autotransplantation can also be performed.

Appropriate operative methods for PTx should be selected according to the

patients’ need for kidney transplantation. In the case of persistent or recurrent

SHPT after the initial PTx, localization of the causative PTGs with

autotransplantation is challenging as causative PTGs can exist in the neck,

mediastinum, or autotransplanted areas. Additionally, the efficacy and cost-

effectiveness of calcimimetics and PTx are increasingly being discussed. In this

review, medical and surgical treatments for SHPT are described.
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Abbreviations: CKD, chronic kidney disease; CT, computed tomography; FGF-23, fibroblast growth factor-

23; IOIPTH, intraoperative intact parathyroid hormone; IONM, intraoperative neuromonitoring; KDIGO,

Kidney Disease Improving Global Outcomes; ESRD, end-stage renal disease; KDOQI, National Kidney

Foundation’s Kidney Disease Outcomes Quality Initiative; MIBI, Sestamibi; PHPT, primary

hyperparathyroidism; PTG, parathyroid gland; PTH, parathyroid hormone; PTx, parathyroidectomy;

QOL, quality of life; RLN, recurrent laryngeal nerve; SHPT, secondary hyperparathyroidism; SPECT,

single photon emission computed tomography; US, ultrasonography.
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1 Introduction

During the early stages of chronic kidney disease (CKD), serum

fibroblast growth factor-23 (FGF-23) increases to prevent

hyperphosphatemia. However, FGF-23 can significantly suppress

the synthesis of activated vitamin D, 1a,25-dihydroxyvitamin D. As

the CKD progresses, further decreases in activated vitamin D and

increases in the serum phosphorus levels can cause hypocalcemia.

Additionally, the decreased expression of the vitamin D and

calcium-sensing receptors expressed on the parathyroid cells can

worsen secondary hyperparathyroidism (SHPT) (1). Severe SHPT

can occur during long-term treatment for end-stage renal disease

(ESRD). Furthermore, the incidence of severe SHPT with intact

parathyroid hormone (PTH) levels >300 pg/mL is estimated to be

approximately 33% (2).

For the treatment of SHPT, phosphorus binders and vitamin D

receptor activators were developed; however, they were ineffective in

cases of severe SHPT (1). For those with severe SHPT, the

parathyroid glands (PTGs) progress to nodular hyperplasia, in

which vitamin D receptor expression is decreased (3, 4). Although

phosphorus binders are useful to improve serum phosphate levels,

they do not reduce serum PTH effectively (5). Therefore,

parathyroidectomy (PTx) is the radical surgical treatment for

severe SHPT. PTx helps to improve bone mineral density, bone

fracture risk, patient survival, and quality of life (QOL) (6–10).

In addition to the medical and surgical treatments,

interventional treatment such as ultrasound-guided percutaneous

ethanol injection (PEIT) is indicated for patients with only one

enlarged PTG with a volume of >0.5 cm3 (11, 12). An advantage of

interventional treatment is that it can be performed without general

anesthesia and operation. In long-term ESRD conditions, patients

with SHPT do not always tolerate general anesthesia and operation,

and interventional regimens can therefore be a good treatment

option (13–17). However, disadvantages include the risk of pain,

hematoma, and recurrent laryngeal nerve (RLN) injury (12). The

66–85% success rate of PEIT is slightly lower than that of PTx, with

persistence and recurrence rates of 5–30% (11, 18–22).

Additionally, the number of patients indicated for interventional

treatment is limited (11, 12). The mainstream SHPT treatment

remains medical and surgical.
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Recently, the development of calcimimetics has dramatically

reduced the number of surgical treatments needed (23, 24).

However, PTx for SHPT is still required considering its cost-

effectiveness and application for drug-refractory SHPT (25–27).

The difficulty of PTx for SHPT differs from PTx for primary

hyperparathyroidism (PHPT) because complete removal of all

PTGs is required to prevent persistent or recurrent SHPT (28). In

PTx for PHPT, identification of PTGs is relatively easy (29), and

causative PTGs are often identified during preoperative imaging

studies (29). The Miami criteria for intraoperative intact

parathyroid hormone (IOIPTH) monitoring have been

established and are useful for confirming the resection of

causative PTGs during PTx for PHPT (30). However, in PTx for

SHPT, preoperative imaging studies can rarely identify all PTGs

(20, 31), and criteria for IOIPTH monitoring have not been

established. Additionally, PTGs firmly adhering to the RLNs are

sometimes identified due to hemorrhage or calcification in the

PTGs; thus, removing these PTGs may result in RLN injury (32).

When persistent or recurrent SHPT is suspected, localization of

causative PTGs is required. However, when total PTx with

autotransplantation is performed in the initial PTx, localization

becomes particularly challenging as causative PTGs can occur in the

autografted, cervical, or mediastinum areas (33). Additionally, the

selection of timely and appropriate treatment requires an

understanding of the differences between PTx and medical

treatment with calcimimetics.

In recent years, considering the popularity and availability of

calcimimetics, the rate of PTx has decreased, and it has become

difficult for young surgeons to gain experience performing PTx for

SHPT (23, 24). However, PTx remains an important treatment

option for SHPT. In this review, the medical and surgical treatments

for SHPT were comprehensively explained to serve as a reference

for the next generation of surgeons and to improve patient

outcomes (Figures 1, 2).
2 Indication for PTx

The Kidney Disease Improving Global Outcomes (KDIGO)

2009 and Japanese Society for Dialysis Therapy 2012 guidelines
FIGURE 1

Flowchart of secondary hyperparathyroidism treatment.
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have defined the operative indications for SHPT (34, 35). In the

KDIGO guidelines, the target range for intact PTH levels is within

2–9 times the upper normal range for patients with stage 5D CKD,

equivalent to 130–600 pg/mL. When marked changes are identified

in intact PTH levels, treatment initiation or a change in therapy is

suggested. PTx is recommended when medical therapy has failed

(34). In the Japanese Society for Dialysis Therapy 2012 guidelines,

the target range for PTH is 60–240 pg/mL (35), and PTx is

recommended when the intact PTH level is >500 pg/mL or whole

PTH is >300 pg/mL (35, 36). Although the intact and whole PTH

levels are lower than the suggested levels in hyperphosphatemia or

hypercalcemia refractory to medical treatment, both conditions are

indications for PTx. The target ranges for serum phosphorus and

calcium are defined in the the National Kidney Foundation’s

Kidney Disease Outcomes Quality Initiative (KDOQI) 2003 and

Japanese Society for Dialysis Therapy 2012 guidelines (35, 37).

Additionally, subjective complaints related to SHPT, including high

bone turnover, significant changes on radiography, and ectopic

calcification, can be positive indications for PTx (35). In the KDIGO

2017 clinical practice guideline update, medical therapy using

calcimimetics, calcitriol, or vitamin D analogs are additionally

suggested as PTH-lowering therapy (38). However, PTx is still

regarded as a “valid treatment option” when medical therapy has

failed, as suggested in the KDIGO 2009 guideline (34, 38).
3 Preoperative imaging evaluations for
PTx in SHPT

During PTx for SHPT, preoperative imaging evaluations of the

swollen PTGs are essential to ensure complete removal. In SHPT,

CKD stimulates all PTGs, which should be removed in the initial

PTx. However, remnant PTGs are also stimulated and cause

persistent or recurrent SHPT (28, 39). Re-PTx for persistent or

recurrent SHPT increases the risk of RLN injury owing to PTG

adhesion from the initial PTx (40, 41). However, it is sometimes

difficult to identify supernumerary and ectopic PTGs, and even
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locating the four main PTGs, namely the right upper and lower

PTGs and left upper and lower PTGs, intraoperatively can be

challenging (31, 42, 43). Supernumerary and ectopic PTGs are

frequently located around the upper neck area, in the carotid

sheath, within the thyroid gland, in the mediastinum, and in the

thymus (18, 19, 31). Moreover, the color and shape of PTGs are

similar to those of adipose tissues and lymph nodes. These

similarities and unexpected locations often result in the

misidentification of PTGs and, ultimately, unsuccessful PTx (44).

To minimize misidentification, preoperative imaging studies are

essential, including ultrasonography (US), computed tomography

(CT), and 99mTc-Sestamibi (MIBI) scintigraphy (45). US is a cost-

effective, non-invasive, and non-radiographic imaging test;

however, it is difficult to identify ectopic PTGs in the

mediastinum. Conversely, CT and MIBI scintigraphy are

radiographic imaging tests. CT is useful to identify the four main

and ectopic PTGs, although PTGs in the thymus and thyroid gland

are rarely identified. MIBI scintigraphy is useful in identifying

ectopic PTGs especially in the mediastinum and upper neck area,

although diagnostic accuracy is low due to false positives and false

negatives (20, 45). The diagnostic accuracy of these imaging studies

has been investigated (20, 43, 46–49). US showed the highest

sensitivity (91.5%) and MIBI scintigraphy had the lowest

sensitivity (56.1%). The sensitivity of combined US and CT and

combined US, CT, and MIBI scintigraphy had a sensitivity value of

95.0% and 95.4%, respectively (47). Additionally, in a meta-analysis,

the sensitivity and specificity of the MIBI scintigraphy was 58% and

93%, respectively (48). However, evaluating the diagnostic accuracy

is challenging because the definition of the removal of all PTGs is

ambiguous in these studies. Moreover, the number of PTGs differs

among patients (50).

In our previous study, the diagnostic accuracies of US, CT, and

MIBI scintigraphy were investigated in patients with intact PTH

levels of <9 pg/mL on postoperative day one, which was lower than

the normal range and indicated the complete removal of the PTGs

(20). The diagnostic accuracy for the usual four PTGs on US, CT,

MIBI scintigraphy, combined US and CT, combined US and MIBI
FIGURE 2

Key principles to achieve a successful PTx. CT, computed tomography; MIBI scintigraphy, 99mTc-Sestamibi scintigraphy; PTx, parathyroidectomy;
PTGs, parathyroid glands; RLNs, recurrent laryngeal nerves; US, ultrasonography.
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scintigraphy, combined CT and MIBI scintigraphy, and combined

US, CT, and MIBI scintigraphy were 57.3%, 60.0%, 42.7%, 73.0%,

65.8%, 66.1%, and 75.1%, respectively. Combining US, CT, and

MIBI scintigraphy had the highest accuracy for locating PTGs

before PTx (20). Nevertheless, the diagnostic accuracy for locating

the usual four PTGs was only 75.1% because approximately 18%

(247 out of 1332 PTGs) were ectopic. Additionally, approximately

90% (231 out of 247 PTGs) of these ectopic PTGs are located in the

thymus, making identification via imaging modalities challenging,

considering the low sensitivity of MIBI scintigraphy and that the CT

density and US pattern of PTGs is similar to those of lymph nodes

and adipose tissues (31). The diagnostic accuracy for ectopic PTGs

on US, CT, MIBI scintigraphy, combined US and CT, combined US

and MIBI scintigraphy, combined CT and MIBI scintigraphy, and

combined US, CT, and MIBI scintigraphy were 36.7%, 47.8%,

30.0%, 60.0%, 48.9%, 57.8%, and 63.3%, respectively (31). While

these results for ectopic PTGs were similar to the four main PTGs,

the diagnostic accuracy for ectopic PTGs was somewhat lower. This

implies that the identification of ectopic PTGs via preoperative

imaging is more difficult than that of the usual PTGs (31).

Supernumerary PTGs also increase the difficulty of PTx.

Approximately 6% of all resected PTGs (44 out of 747 PTGs or

90 out of 1422 PTGs) were supernumerary PTGs. None of the

supernumerary PTGs were identified by US, CT, and MIBI

scintigraphy. Notably, around 70% (64 out of 90 PTGs) were too

small to be identified intraoperatively. These very small PTGs are

referred to as micro nests and can only be identified by paraffin

section diagnosis (31).

Persistent or recurrent SHPT can occur in 5–30% of patients,

and re-PTx is required (18–21). The diagnostic accuracy of re-PTx

has been investigated in a limited number of patients. The

diagnostic accuracies of CT and MIBI scintigraphy were both

100%, although that of US was only 28% (31). Causative PTGs of

persistent or recurrent SHPT are often located in the thymus and

mediastinum; however, US cannot detect these because of the

sternum and clavicle bones. In cases of re-PTx, preoperative CT

and MIBI scintigraphy are thus required to localize the

causative PTGs.

For the initial PTx, the accuracy of each imaging modality is not

high. Therefore, for the precise preoperative localization of PTGs,

combining US, CT, and MIBI scintigraphy is the favorable option

where appropriate. Additionally, for re-PTx in the thymus and

mediastinum, CT and MIBI scintigraphy are useful.

Recently, single photon emission computed tomography

(SPECT/CT) has also been utilized for preoperative imaging

evaluations. SPECT/CT is the fusion of CT and MIBI

scintigraphy, which increases the localization accuracy of MIBI

scintigraphy (43, 51, 52). For preoperative localization of PTGs, the

findings of CT and US should be carefully evaluated prior to PTx.
4 Surgical procedure of PTx for SHPT

The surgical procedure can consist of a combination of total or

subtotal PTx, transcervical thymectomy, and autograft. The

following four procedures are often described in reports:
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1. Subtotal PTx with transcervical thymectomy

2. Total PTx without transcervical thymectomy and

autotransplantation

3. Total PTx with transcervical thymectomy and

autotransplantation

4. Total PTx with transcervical thymectomy and without

autotransplantation
In this section, the advantages and disadvantages of these

surgical procedures are compared and reviewed. First, the

frequency of these four procedures in previous reports was

analyzed. Total PTx with transcervical thymectomy and autograft

is the most common globally at 68.1%, followed by subtotal PTx

with transcervical thymectomy at 19.8%, total PTx without

transcervical thymectomy and autograft at 10.3%, and total PTx

with transcervical thymectomy and without autograft at 1.6% (53).

Subtotal PTx with transcervical thymectomy involves removing

3.5 PTGs and leaving 40–80 mg of PTG tissue. PTGs with a normal

appearance are favored for preservation to avoid recurrence.

Transcervical thymectomy is usually added to prevent persistent

and recurrent SHPT due to ectopic or supernumerary PTGs in the

thymus. The frequency of ectopic and supernumerary PTGs in the

thymus is 22.0–39.3% and 6.5–37%, respectively (19, 20, 49, 50, 54).

The advantage of this procedure is that hypoparathyroidism can be

avoided by leaving a PTG. However, there is a potential risk of

direct dissemination to the surroundings and hematogenous

dissemination to other organs from the PTG stump (55).

Persistent or recurrent SHPT due to dissemination makes it

almost impossible to remove causative disseminated PTGs (55),

whereas persistent and recurrent SHPT due to the remaining PTG

requires re-PTx.

Total PTx without transcervical thymectomy and autograft is

performed to prevent hypoparathyroidism after PTx as PTH

secretion is expected from the ectopic and supernumerary PTGs

in the thymus. One disadvantage is the potential risk of recurrent or

persistent SHPT due to the remnant PTGs in the thymus, which

increases the risk of RLN injury in the case of re-PTx (56). The

causative PTGs in the thymus in persistent or recurrent SHPT are

comparatively close to the RLNs. For safe re-PTx, intraoperative

neuromonitoring (IONM) is recommended because of adhesion

due to the initial PTx (57). Another disadvantage is that general

anesthesia is essential in the case of re-PTx. Patients with severe

SHPT often experience other complications such as cardiovascular

diseases and cervical destructive spondyloarthropathy owing to

long-term CKD (13–17). These complications can cause unstable

vital signs during general anesthesia and cervical spine injury

during intubation or surgical positioning. Furthermore, there is a

potential risk of postoperative bleeding as a result of the dissection

of adhesions and fragile tissues associated with CKD. Postoperative

bleeding can narrow the trachea and potentiate the risk of

suffocation. Therefore, re-PTx should be avoided in patients with

SHPT. However, subtotal PTx with transcervical thymectomy and

total PTx without transcervical thymectomy and autograft are

selected for patients expecting kidney transplantation in the near

future as improved kidney function after transplantation does not

stimulate the remnant PTGs; therefore, persistent or recurrent
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SHPT can be avoided (58). Additionally, although improved kidney

function can cause hypoparathyroidism, the PTH secreted from

remnant PTGs can avoid this problem (59).

Total PTx with transcervical thymectomy and autograft is the

most common procedure globally (53). The risk of persistent or

recurrent SHPT in the neck can be almost entirely prevented after

successful PTx. Moreover, hypoparathyroidism is prevented by the

expected secretion of PTH from the autograft (60). This procedure

is favored in both patients expecting long-term dialysis and those

expecting kidney transplantation (61). The most common location

for the autograft is the forearm since removal of the recurrent PTGs

can easily be performed under local anesthesia. However, the

diagnosis of causative PTGs in persistent or recurrent SHPT is

complicated. The neck and mediastinum areas and forearm are

distinct locations which cannot be examined simultaneously.

Methods to locate causative PTGs are reviewed in Section 6.

Total PTx with transcervical thymectomy without autograft is

rarely performed due to the complete lack of PTH secretion (53).

The impact of hypoparathyroidism after PTx has also not been fully

revealed (62). In the KDIGO 2009 guidelines, this procedure was

contraindicated for patients expecting kidney transplantation

because hypoparathyroidism after transplantation may cause

serious bone metabolism problems and hypocalcemia (34).
5 Comparison of PTx procedures

5.1 Subtotal PTx versus total PTx
with autotransplantation

Literature comparing surgical procedures for SHPT is limited.

Complications, reoperations, readmission, and 30-day mortality

were s imi l a r be tween subto ta l and to ta l PTx wi th

autotransplantation in a report based on data from the American

Surgical College of Surgeons National Surgical Quality Improving

Program (63). This study demonstrated similar short-term

outcomes for both PTx procedures. Additionally, in a randomized

trial, significant improvements in clinical signs and calcium levels

were observed, and re-PTx was not identified in the total PTx with

autotransplantation group. This study demonstrated the superiority

of total PTx with autotransplantation compared to subtotal

PTx (64).

In a retrospective study by the Swedish Renal Registry, long-

term outcomes were investigated (65), and the risk of cardiovascular

events was lower in subtotal than in total PTx. This can be explained

by the lower PTH levels in total than in subtotal PTx, although 78%

of patients underwent autotransplantation after total PTx. Low

bone turnover due to low PTH levels can increase the

calcification of coronary arteries (66, 67). The re-PTx rate is

higher in subtotal than in total PTx due to the low kidney

transplantation rate in this group (65), although previous reports

demonstrated similar re-PTx rates for subtotal and total PTx (68).

Rates of hip fracture, paralysis of RLNs, and mortality are similar

between subtotal and total PTx (65). Furthermore, in a systematic
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review on the prevention of SHPT after subtotal or total PTx with

autotransplantation, symptomatic improvement, radiological

change, hypocalcemia rate, persistence rate, time to recurrence,

recurrence rate, and reoperation rates were similar (69).

The QOL between subtotal and total PTX with bilateral cervical

thymectomy and autotransplantation was investigated using the 36-

item Short Form Health Survey questionnaire (6). In this

prospective randomized trial, there were no significant differences

in QOL between procedures for SPHT. The study concluded that

PTx can improve the QOL of patients with SHPT regardless of the

surgical procedure.

These studies imply that total PTx is favored for patients who

need long-term dialysis, although special attention is necessary for

cardiovascular events. However, subtotal PTx can be indicated for

patients with SHPT expecting kidney transplantation in the near

future (70, 71).
5.2 Total PTx without autotransplantation
versus total PTx with autotransplantation
and transcervical thymectomy

In most of the literature regarding total PTx with

autotransplantation, transcervical thymectomy was performed.

Regarding the short-term outcomes investigated in a multicenter

prospective randomized controlled pilot trial, paralysis of RLNs,

postoperative bleeding, and postoperative hypocalcemia were

similar in both total PTx without autotransplantation and total

PTx with autotransplantation and transcervical thymectomy.

Moreover, mortality after 3 years of follow-up was also similar

(72). However, PTH levels were significantly higher at the end of

fo l l ow-up a f t e r PTx wi th au to t r ansp l an t a t i on and

transcervical thymectomy.

In a systematic review involving 1108 patients across 11 studies,

symptomatic improvement, surgical complications such as

postoperative bleeding, RLN paralysis, and all-cause mortality

were similar for both procedures. Re-PTx owing to persistent or

recurrent SHPT was performed more frequently in total PTx with

autotransplantation and transcervical thymectomy (73).

Hypocalcemia was more frequently identified in total PTx

without autotransplantation, although hypoparathyroidism was

similar between the two surgical procedures. Similarly, in a meta-

analysis including 1283 patients across 10 studies, persistent or

recurrent SHPT occurred more frequently after total PTx with

autotransplantation and transcervical thymectomy. However,

hypoparathyroidism often develops after total PTx without

autotransplantation, although permanent hypocalcemia and

adynamic bone disease were not reported (60). These studies

demonstrated similar short- and long-term outcomes for both

procedures, except for the higher rate of re-PTx for persistent or

recurrent SHPT in total PTx with autotransplantation and

transcervical thymectomy.

It should be noted that in these studies the locations of causative

PTGs were not revealed in total PTx with autotransplantation and
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transcervical thymectomy. If causative PTGs in the neck or

mediastinum can be identified more frequently in total PTx with

autotransplantation and transcervical thymectomy, the success rate

of PTx should be improved, reducing persistent or recurrent SHPT.

In this case, the impact of both procedures on persistent or

recurrent SHPT cannot be compared. When initial PTx is

successful, persistent or recurrent SHPT is caused by the

transplanted autograft and appropriate PTGs for the autograft

should be discussed in more detail. PTGs with nodular

hyperplasia more frequently cause recurrent SHPT than diffuse

glands (74). Previous reports suggested that PTGs with a maximum

diameter >8 mm on preoperative US can indicate nodular

hyperplastic changes (75). This implies that PTGs for autografts

should be fragmented from PTGs with a maximum diameter <8

mm on preoperative US. However, the intraoperative characteristics

of appropriate PTGs to prevent recurrent SHPT have not been

investigated, although the relationships between intraoperative

parameters and pathological patterns have been reported (76, 77).
5.3 Subtotal PTx versus total PTx
without autotransplantation versus total
PTx with autotransplantation and
transcervical thymectomy

Only one systematic review comparing the above three surgical

procedures was identified (78). This systematic review included

5063 patients across 26 reports (78). Hypocalcemia and

hypoparathyroidism were most frequently identified in total PTx

without autotransplantation, whereas the frequency was similar in

subtotal PTx and total PTx with autotransplantation and

transcervical thymectomy. Persistent or recurrent SHPT and re-

PTx were most common in subtotal PTx. Based on these results,

total PTx with autotransplantation and transcervical thymectomy

was recommended for SHPT.

This comparison implies that subtotal PTx is not appropriate

for patients who require long-term dialysis owing to the high

incidence of persistent or recurrent SHPT caused by the

remaining PTGs. In contrast, patients who require kidney

transplantation can be indicated for subtotal PTx. However, the

impact of hypoparathyroidism after total PTx without

autotransplantation on bone metabolism, cardiovascular events,

and mortality in the long term (e.g., 10 years) has not been

repor ted . Pa t i en t s who undergo tota l PTx wi thout

autotransplantation may experience hypoparathyroidism and

hypocalcemia after kidney transplantation. Thus, avoiding total

PTx without autotransplantation is preferred for optimal

patient outcomes.

At present, total PTx with autotransplantation and transcervical

thymectomy is the best option for SHPT. The rate of persistent or

recurrent SHPT originating from PTGs in the neck or mediastinum

area is low. Recurrent SHPT caused by the autograft can easily be

addressed by the removal of the causative PTGs under local

anesthesia. The appropriate PTx procedure should be selected

based on the patient ’s condition and the schedule for

kidney transplantation.
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6 Additional methods during PTx

Additional measurements to ensure successful PTx, including

IONM, IOIPTH monitoring, frozen section diagnosis, and other

methods are reviewed in this section.
6.1 IONM

Proper identification of PTGs and the presence of RLNs

contribute to the difficulty of PTx. Identification of RLNs is

essential during PTx to prevent RLN injury, which can lead to

hoarseness and difficulty in swallowing and breathing. IONM was

developed to prevent RLN injuries. Electronic stimulation of the

RLNs causes movements of the vocal cord, detected by the

attachment around the tracheal tube (79). This response to

IONM implies anatomical and functional preservation of the RLNs.

The diagnostic accuracy of IONM in the initial PTx is 94.7%,

suggesting that a positive or negative IONM response during PTx

can predict intact vocal cord movement or vocal cord paralysis in

94.7% of RLNs (32). Although the diagnostic accuracy of IONM

during PTx is high, preserving the RLNs is difficult in some cases.

Inflammation due to calcification and hemorrhage of the PTGs can

cause severe adhesion of the PTGs to the RLNs (80). In these cases,

accurate dissection is required, and IONM should be indicated. In

cases with severe adhesion of the PTGs to the RLNs, IONM allows

the incidence of vocal cord paralysis to be lowered to a similar

incidence as without severe adhesion (32). Predictive factors for

severe adhesion of the PTGs to the RLNs are a maximum

diameter >15 mm, weight >500 mg, and nodular hyperplasia.

Based on these parameters, IONM should be indicated when

PTGs with a maximum diameter >15 mm are identified on

preoperative imaging.

Although IONM is a useful method in PTx, the accuracy is not

100%. This might be due to false-positive cases in which a positive

IONM response did not lead to intact vocal cord movement,

possibly caused by delayed neuropraxia due to edema or laryngeal

edema. Additionally, false-negative cases where intact vocal cord

movement was identified despite a negative IONM response may be

caused by malpositioning of the tracheal tube or temporary

intraoperative RLN paralysis (79). These issues should be

considered when using IONM.
6.2 IOIPTH monitoring

Intraoperative PTH monitoring was first developed to ensure

the removal of causative PTGs in PHPT (30, 81–83). Preoperative

PTH levels and PTH levels after the removal of causative PTGs are

measured to investigate the appropriate decrease in PTH levels for

predicting successful PTx. In PTx for PHPT, a 50% decrease 10

minutes after the removal of causative PTGs was demonstrated as

the best indicator of successful PTx (30). Similarly, researchers have

tried to adapt intraoperative PTH monitoring for PTx for SHPT.

However, the condition of patients with SHPT is different from that

of patients with PHPT. The kidney function of most patients with
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PHPT is within the normal range, whereas patients with SHPT have

ESRD, which makes it difficult to establish criteria for intraoperative

PTH monitoring.

PTH is a single-chain polypeptide hormone consisting of 84

amino acids (84). Whole PTH, referred to as 1-84 PTH, is

biologically active and metabolized into multiple fragments in the

liver and kidneys (85). Although whole PTH should be measured

during intraoperative PTHmonitoring, the widely available second-

generation intact PTH assay kit that uses an enzyme-linked

immunosorbent assay with a one-step sandwich method is

problematic as cross-reactivity between 7-84 PTH and whole

PTH causes a discrepancy between measured intact PTH and

whole PTH levels, especially in patients with ESRD (86, 87). In

healthy populations, the 7-84 PTH fragment is mainly excreted in

the urine, and the impact of cross-reactivity is low. In patients with

ESRD, the pharmacological half-life of 7-84 PTH is several hours

owing to poor kidney function, whereas the pharmacological half-

life of whole PTH is approximately 3–4 minutes. Although

intraoperative PTH monitoring is expected to obtain results

within 10–20 minutes during the operation, the discrepancy of

the half-lives and cross-reactivity between 7-84 PTH and whole

PTH make it difficult to establish the criteria for IOIPTH

monitoring to predict successful PTx.

Additionally, establishment of IOIPTH monitoring criteria for

the prediction of successful PTx requires reputable operative

methods and techniques. In recent studies, these criteria were

investigated (31, 88, 89). We previously showed that a 70%

decrease in intact PTH 10 minutes after total PTx and

transcervical thymectomy can predict successful PTx, defined as

an intact PTH level <60 pg/mL on postoperative day one (88). This

was considered to be the definition of successful PTx because the

incidence of re-PTx for recurrent or persistent SHPT was

significantly lower in patients with an intact PTH level <60 pg/

mL on postoperative day one (31, 88). The accuracy of this criterion

was 92.9%. Among 226 patients, 26 benefited from IOIPTH

monitoring. In five patients, IOIPTH did not decrease >70%, and

further exploration was needed to remove the additional PTGs. In

21 patients, although fewer than four PTGs were removed, IOIPTH

decreased by >70%, indicating that the operation was complete,

avoiding potential RLN injury. The limitation of this criterion is its

low specificity (52.2%). This is caused by patients in whom IOIPTH

decreased by >70% but intact PTH on postoperative day one

was >60 pg/mL, indicating the existence of residual PTGs despite

the decrease in IOIPTH. Subsequently, these criteria were further

investigated by Zhang et al. (89). Total PTx without thymectomy

was performed, and the definition of successful PTx was intact

PTH <50 pg/mL 1 week after PTx. The criterion for successful PTx

was a >88.9% decrease in IOIPTH 20 minutes after total PTx

without thymectomy, with a positive predictive value of 97.1% and a

negative predictive value of 26.5%.

Following these studies, despite the different surgical

procedures and definitions of successful PTx, the appropriate

criteria for IOIPTH monitoring during PTx for SHPT were

established. These IOIPTH criteria may help ensure successful

PTx. Recently, a third-generation PTH assay has become available

(90), in which whole PTH can be measured without cross-reactivity
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with 7-84 PTH. However, as intraoperative PTHmonitoring during

PTx for SHPT has not been investigated using this assay,

appropriate criteria for successful PTx remain to be elucidated.
6.3 Frozen section diagnosis

The importance of frozen section diagnosis has rarely been

investigated (31); however, the significance might depend on the

availability of pathologists. In our previous study, IOIPTH

monitoring and frozen section diagnosis were independent

contributing factors to successful PTx (31, 91). The importance of

IOIPTH is discussed in Section 6.2. In terms of frozen section

diagnosis, the number of PTGs identified was a significant

contributing factor according to the multivariate logistic

regression analysis (31). Additionally, the diagnostic accuracies of

frozen section and surgeons for PTGs were investigated by

comparison with paraffin section diagnosis. Frozen section

diagnosis had a higher diagnostic accuracy than surgeons at

99.4% and 88.9%, respectively. This implies that the diagnosis of

PTGs by surgeons is not sufficient. Thyroid glands, lymph nodes,

and adipose tissue were misdiagnosed by surgeons as PTGs, and the

causes of these misdiagnoses were investigated. Notably, PTGs

mimic the appearance of surrounding tissues, making it difficult

for surgeons to distinguish them from the surrounding tissues.

Moreover, although misdiagnosis using frozen sections is rare,

thyroid glands and lymph nodes were misdiagnosed as PTGs. As

mentioned in this study, using IOIPTH monitoring simultaneously

improves the success of PTx as 6.6% of all resected PTGs, consisting

of 4.9% supernumerary PTGs and 1.7% usual four PTGs, were not

identified by frozen section diagnosis (31). To confirm the resection

of these PTGs, IOIPTH monitoring is useful.

Additionally, in cases of total PTx and autograft for SHPT, the

selection of PTGs for autograft is important. To avoid

hypoparathyroidism and autografting lymph nodes or thyroid

tissues involved in thyroid cancer, frozen section diagnosis is

required. However, frozen section diagnosis should be performed

by experienced pathologists. When PTx for SHPT is required and

experienced pathologists are not available, patients should be

referred to hospitals with experienced surgeons and pathologists.
6.4 Other methods

Radio-guided PTx is reported to be useful in identifying PTGs

intraoperatively. In radio-guided PTx, preoperative MIBI is

administered intravenously, and MIBI-accumulated PTGs are

detected by the gamma counter. Radio-guided PTx for SHPT has

been reported to be useful in identifying ectopic and undetected

PTGs (92).

Recently, near-infrared autofluorescence imaging has been

developed to identify PTGs without using a radio-active

substance. Instead, this method uses the unique autofluorescent

signature of PTGs under near-infrared wavelengths (93). The

usefulness in clinical practice has been demonstrated (94–96).

Currently, the only method to confirm the complete removal of
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PTGs during surgery is IOIPTH monitoring; however, near-

infrared autofluorescence imaging has the potential to locate

ectopic PTGs and those with a similar appearance to surrounding

tissues. Nevertheless , the suitabi l i ty of near-infrared

autofluorescence imaging in PTx for SHPT remains to be

investigated in large-scale studies (97–99).

Frozen section diagnosis is the most reliable method for

confirmation of PTGs during surgery. However, parathyroid

aspiration in which PTH levels in the resected PTGs are

measured and used for the confirmation of PTGs is an alternative

method with high sensitivity (100–102). The efficacy and cost-

effectiveness of parathyroid aspiration should be further

investigated with large trials. However, considering the cost-

effectiveness, frozen section diagnosis may be replaced with

parathyroid aspiration in the future after establishing its efficacy.

Overall, these additional methods, along with IONM, IOIPTH

monitoring, and frozen section diagnosis, may be advantageous for

PTx for SHPT. In particular, IONM is an indispensable method in

thyroid and parathyroid surgeries as RLN injury can significantly

deteriorate patient QOL. Further research with large-scale

randomized trials is needed to fully elucidate the risks and

benefits of each of these modalities, alone and in combination, for

PTx in SHPT.
7 Postoperative complications
and treatments

Postoperative complications include hypocalcemia,

hyperkalemia, vocal cord paralysis due to RLNs injury, and

hemorrhage. Following the significant decrease in PTH after PTx,

marked skeletal uptake of calcium occurs and leads to

hypocalcemia, named “hungry bone syndrome,” in which

prominent bones form after PTx (103). Hypocalcemia is

identified in 27% of patients on dialysis (61). Hypocalcemia can

cause symptoms such as muscle cramps, tingling in the lips, tongue,

fingers, and feet, and positive Chvostek or Trousseau sign. To

prevent hypocalcemia, calcium replacement therapy is essential

after PTx to maintain adequate serum calcium levels (37, 104,

105). After PTx for SHPT, “the blood level of ionized calcium

should be measured every 4 to 6 hours for the first 48 to 72 hours

after surgery and then twice daily until stable” according to KDOQI

clinical practice guidelines for bone metabolism and disease in

CKD (37).

Additionally, severe hyperkalemia is identified in 6.3% of

patients after PTx for SHPT in a report of 1500 cases (106). In

the case of postoperative severe hyperkalemia, urgent dialysis is

required to prevent cardiovascular events. The risk factors of

hyperkalemia after PTx for SHPT are not well demonstrated,

although the relationships of hyperkalemia with gender, age,

obesity, and preoperative serum potassium levels are mentioned

in small-sized studies (107–109).

Postoperative hemorrhage is a serious complication leading to

suffocation. Meticulous hemostasis is essential in preventing

postoperative hemorrhage; however, postoperative hemorrhage
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can occur in 0.07–5% patients after thyroid and parathyroid

surgery (110, 111). To reduce the compression to the trachea in

case of postoperative hemorrhage, opening the wound without

delay is the first and most important procedure. After securing

the airway by endotracheal intubation or tracheostomy, reoperation

under general anesthesia should be considered (110, 111).

Vocal cord paralysis due to RLNs injury is also a serious

complication. In PTx for SHPT, RLN injury was identified in

2.47% cases in a report of 1500 cases (106). The prevention of

RLN injury using IONM is essential, as discussed in Section 6.1.
8 Persistent or recurrent SHPT
after PTx

8.1 Diagnosis of persistent or
recurrent SHPT

The management of SHPT after PTx is not meticulously

detailed in the clinical guidelines. For the follow-up of

parathyroid function, serum PTH levels should be measured

every 3 months in CKD stage 5 patients as mentioned in the

KDOQI clinical practice guidelines for bone metabolism and

disease in CKD (37). Similarly, persistent or recurrent SHPT has

also not been defined in the guidelines. In previous reports, the

definition of persistent or recurrent SHPT is usually based on the

target serum intact PTH levels in the KDIGO guidelines 2009 or

Japanese Society for Dialysis Therapy 2012 guidelines, with a target

range of 2–9 times the upper normal range, equivalent to 130–600

pg/mL or 60–240 pg/mL, respectively (34, 35). Persistent SHPT is

defined in some reports as serum intact PTH levels that do not

decrease beyond the lower limit of the target range after PTx (28, 31,

33, 39, 88). In contrast, serum intact PTH level increasing above the

upper limit should be defined as recurrent SHPT. However, the

operative indication of initial PTx for SHPT with serum intact PTH

levels >800 pg/mL in the KDOQI clinical practice guidelines for

bone metabolism and disease in CKD or >500 pg/mL in Japanese

Society for Dialysis Therapy 2012 guidelines is used for indication

of re-PTx for persistent or recurrent SHPT (35, 37). Moreover, these

intact PTH levels are used as a definition of recurrent SHPT in some

reports (31, 88, 112).

Persistent or recurrent SHPT may stem from the neck,

mediastinum, or autografted forearm (33). In total PTx, the

incidence of persistent or recurrent SHPT in the cervical area or

mediastinum is 5–30% (18–21). The incidence of recurrent SHPT in

the autografted forearm is 5%, although the number of related

reports is limited (113). Persistent or recurrent SHPT more

frequently requires re-PTx instead of medical treatment as most

cases are refractory to medical treatment (28, 37). Before re-PTx,

the preoperative localization of causative PTGs is essential. In the

case of total or subtotal PTx without autograft, only the neck and

mediastinum need to be investigated for causative PTGs. In

contrast, when autograft is performed, localization of causative

PTGs is more complicated as both the neck or mediastinum and

the autografted forearm are potential sites.
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Although localization is performed using US, CT, MIBI

scintigraphy, or magnetic resonance imaging, it is not cost-

effective to simultaneously evaluate both the neck or mediastinum

and the autografted forearm. Before performing these imaging

studies, we need to infer the approximate site of the causative

PTGs. The Casanova test or modified Casanova test was developed

for this purpose (114, 115). By measuring the blood levels of PTH

from the bilateral forearm and the autografted arm and comparing

the ratio, localization of causative PTGs can be inferred. However,

the number of enrolled patients in these studies was limited, and

avascularization with a tourniquet or Esmarch bandage for >10

minutes is required. Thus, we developed a new criterion to reduce

the burden on patients (33); the duration of avascularization was

only 5 minutes to determine the cutoff ratio of intact PTH levels for

the diagnosis of causative PTGs. The intact PTH ratio (intact PTH

level obtained from the non-autografted forearm/intact PTH level

obtained from the autografted forearm) was significantly lower in

patients with causative PTGs in the autografted forearm than in

those in the neck or mediastinum. Furthermore, receiver operating

characteristic curve analyses revealed the appropriate cutoff ratio

for localization. An intact PTH ratio <0.310 indicated localization in

the autografted forearm; an intact PTH ratio >0.859 indicated

localization in the neck or mediastinum. However, an intact PTH

ratio between 0.310 and 0.859 indicated that both areas need to be

examined. Using this algorithm for the localization of causative

PTGs can facilitate the diagnosis and decrease procedural costs.

In addition to conventional methods like palpation, magnetic

resonance imaging is useful for the diagnosis of causative PTGs in

the forearm (116). For diagnosis in the neck or mediastinum, the

diagnostic accuracy of US is reportedly only 28.6% compared with

100% for CT and MIBI scintigraphy (20). However, it should be

noted that in that study 57.1% (4 out of 7) of causative PTGs were in

the intrathymic lesion or mediastinum, and US could not detect

these PTGs owing to the clavicles or sternum. Recently, SPECT/CT

imaging has been introduced to replace CT and MIBI scintigraphy

for the detection of PTGs. Nonetheless, the usefulness of SPECT/CT

imaging for the diagnosis of persistent or recurrent SHPT still needs

to be investigated (117).

Although postoperative management and operative indications

of persistent or recurrent SHPT after PTx is not currently

established in any guidelines, the present indication for initial

PTx for SHPT can be applied for the indication for re-PTx.

Localization of causative PTGs can be roughly predicted using the

Casanova test, modified Casanova test, or intact PTH ratio. For a

detailed investigation, US and MRI are useful for causative PTGs in

the forearm; CT and MIBI scintigraphy, or SPECT/CT imaging are

useful for causative PTGs in the neck or mediastinum.
8.2 Re-PTx for persistent or
recurrent SHPT

The indication for re-PTx for persistent or recurrent SHPT is

the same as that for initial PTx (34, 35). Two kinds of operations are

expected: re-PTx in the neck or mediastinum and re-PTx in the

autografted forearm. Re-PTx in the neck can be performed from the
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same incision as the initial PTx. However, adhesion due to the

initial PTx potentiates the risk of RLN injuries and postoperative

hemorrhage (56). To prevent RLN injuries, precise preoperative

localization of causative PTGs is essential. The usefulness of IONM

was demonstrated in patients with re-operation for thyroid tumors

(40). However, to the best of our knowledge, there are no studies

evaluating the usefulness of IONM for re-PTx. Adhesion of PTGs to

RLNs might occur after initial PTx, making it difficult to identify the

RLNs. These situations can often be identified during re-PTx, and

IONM should be applied for re-PTx cases. Re-PTx for cases of

causative PTGs in the mediastinum requires sternotomy or

thoracoscopic surgery. These procedures should be performed by

experienced endocrine or thoracic surgeons. In addition, IOIPTH

monitoring may be useful to confirm the removal of the causative

PTGs; however, this has not been investigated to date.

PTG autografting involves the grafting of small, fragmented

pieces of PTG under the skin or in the muscle. Re-PTx in the

autografted forearm can be performed under local anesthesia.

However, persistent SHPT can occur after re-PTx. To prevent

persistent SHPT, the autografted PTGs need to be removed to the

greatest extent possible. PTGs autografted in the muscle should be

removed with the surrounding muscles to prevent very small

remnant PTGs. Even after the removal of autografted PTGs,

hypoparathyroidism rarely occurs (104). However, investigations

on autograft after PTx such as operative methods, risk factors for

recurrent SHPT, and repeated recurrent SHPT are still needed (74).

Studies describing the results after re-PTx are limited. Serum

calcium levels have been demonstrated to decrease markedly from

10.2 mg/dL to 8.9 mg/dL after re-PTx, although the postoperative

serum phosphorus levels were similar to preoperative levels (33).

The patient survival rate after re-PTx has not been investigated.

However, previous studies have demonstrated an increased

mortality in ESRD patients with serum intact PTH levels > 400–

600 pg/mL, implying that the re-PTx may improve mortality

(118–122).
9 Outcomes of calcimimetics
treatment and PTx

9.1 Cinacalcet hydrochloride

Cinacalcet was the first commercially available calcimimetic.

Cinacalcet suppresses PTH production by allosterically attaching to

the calcium-sensing receptors on PTGs (123). The MBD-5D study

in Japan demonstrated a significant decrease in serum PTH and a

favorable control of serum calcium and phosphorus by using

cinacalcet with a reduced dose of a vitamin D agent (124). The

direct effect of cinacalcet on PTGs has been demonstrated.

Cinacalcet may cause histological changes and reduce the volume

of enlarged PTGs (125, 126). The effect of cinacalcet on the bone

was histologically demonstrated in the BONAFIDE study. In

patients with high-turnover bone disease, long-term cinacalcet

administration could improve the bone formation rate, bone

metabolism markers, and histological findings (127). In the

EVOLVE trial, cinacalcet treatment could significantly decrease
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the incidence of clinical fractures as a secondary endpoint in the

prespecified lag-censoring analysis compared with placebo,

although statistical significance was not demonstrated in the

intention-to-treat analysis (128). Additionally, improvements in

mortality and cardiovascular events as the primary endpoint were

demonstrated in the cinacalcet treatment group by the prespecified

lag-censoring analysis compared with a placebo group, although a

significant difference was not demonstrated in the intention-to-treat

analysis (129). In the sub-analysis of the EVOLVE trial, the

incidence of non-arteriosclerotic cardiovascular events such as

sudden death and heart failure significantly decreased in the

cinacalcet treatment group, although the incidence of

arteriosclerotic cardiovascular events was not significantly

different between the groups (130). In contrast, in the ADVANCE

study, cardiovascular calcification was significantly prevented in the

group receiving low-dose vitamin D sterols and cinacalcet

compared with the low-dose vitamin D sterols treatment group

(131). In studies in Japan and Australia, cinacalcet treatment

improved all-cause mortality and mortality due to cardiovascular

events (132, 133). Additionally, anemia was improved by cinacalcet

treatment (134). While these beneficial effects were demonstrated,

frequent gastrointestinal adverse events such as nausea and

vomiting were also reported. Moreover, the probability of the

ineffectiveness of cinacalcet due to non-adherence to the

medication regimen has been discussed (129, 131, 135).
9.2 Etelcalcetide hydrochloride

Following the development of cinacalcet, etelcalcetide

hydrochloride, which can be administered intravenously, was

developed. In a randomized double-blind double-dummy clinical

trial performed in the United States, Canada, European countries,

Russia, and New Zealand, the effectiveness of etelcalcetide

hydrochloride compared with cinacalcet was investigated.

Etelcalcetide hydrochloride and cinacalcet similarly resulted in a

>30% decrease in the serum PTH level; however, etelcalcetide

hydrochloride was superior in achieving a >50% decrease in

serum PTH (136). Etelcalcetide hydrochloride was also able to

decrease FGF-23 more effectively than cinacalcet (137). In patients

who were refractory to cinacalcet treatment due to poor

compliance, SHPT was successfully managed with etelcalcetide

hydrochloride (138). However, the frequency of gastrointestinal

adverse events caused by etelcalcetide hydrochloride was almost

equal to that of cinacalcet (137).
9.3 Evocalcet

The third calcimimetic is evocalcet, which can be administered

orally. Evocalcet was developed to reduce the gastrointestinal

adverse events associated with cinacalcet and etelcalcetide

hydrochloride. In a head-to-head analysis, the completion rate to

control intact PTH levels within the target range with evocalcet

treatment was not inferior to that with cinacalcet. Additionally, the

frequency of gastrointestinal adverse events was significantly lower
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at 18.6% in the evocalcet group compared with 32.8% in the

cinacalcet group (139). Further, the effect of evocalcet on the

improvement of FGF-23, serum-adjusted calcium, phosphorus,

and bone turnover marker levels was similar to that of cinacalcet

(139). Additional studies on the clinical outcomes of evocalcet are

expected. The safety and efficacy after conversion from cinacalcet to

evocalcet and after the long-term administration of evocalcet are

expected to be demonstrated in the future (140).
9.4 PTx

The most radical and effective treatment for SHPT is PTx.

Recently, SHPT refractory to medical treatment has been treated

with PTx as a final treatment option. PTH levels dramatically

improve after PTx, although calcium and vitamin D

administration is indispensable owing to hypocalcemia. The

improvement in bone density and the low frequency of bone

fracture after PTx were demonstrated in an analysis of data from

the United States Renal Data System (9, 141). A propensity score

matching analysis of all-cause mortality and cardiovascular-related

mortality demonstrated a 34% and 41% additional decrease in the

PTx group compared with the non-PTx group for patients with

severe SHPT, respectively (7). Similarly, in the PTx group, the all-

cause mortality was superior to that in the non-PTx group

according to the propensity score matching analysis of the United

States Renal Data System data (8). Additionally, the effects of PTx in

improving anemia, insomnia, cognitive status, peripheral arterial

disease, and blood pressure have been demonstrated (142–146). The

cost-effectiveness of PTx compared with medical treatment in

patients eligible for PTx was also demonstrated (2, 37). As for the

safety of PTx, the mortality rate within 30 days after PTx was only

2.0–3.1% (8, 147).
9.5 Calcimimetics treatment versus PTx

The importance of PTx after the development of calcimimetics

needs to be discussed, as calcimimetics have dramatically reduced

the need for PTx for SHPT. A direct comparison of the

improvement in all-cause mortality between calcimimetics and

PTx has not yet been reported. However, in a meta-analysis

comparing medical treatment involving calcimimetics and PTx,

the all-cause mortality and cardiovascular event-related mortality

showed greater improvements in patients treated with PTx (148,

149). Moreover, in a prospective cohort study from Japan, PTx-

treated patients were compared with matched cinacalcet-treated

patients, and PTx reduced the risk of mortality, most prominently

in patients with intact PTH levels ≥500 pg/mL and those with

serum calcium levels ≥10 mg/dL (2). A recent study of the United

States Renal Data System and Japanese Society for Dialysis Therapy

Renal Data Registry also showed superior 5-year and 6-year survival

in the PTx-treated group compared with the cinacalcet-treated

group (2, 150). Additionally, from the viewpoint of QOL, the

superiority of PTx compared with cinacalcet was demonstrated in

a systematic review, where the physical component score and
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mental component score in the 36-item Medical Outcomes Study

Short-Form Health Survey were significantly more improved in the

PTx-treated patients than in the cinacalcet-treated patients (151).

Furthermore, PTx is more cost-effective than cinacalcet treatment

(26, 27).

Although the number of PTx for SHPT has dramatically

decreased after the various developments of calcimimetics, the

advantages of PTx should be re-evaluated. PTx can be indicated

for several patients, for example, young patients and patients with

good general conditions who need long-term dialysis and medical

treatment. Further studies on the indication of medical treatment or

PTx should be investigated.
10 Discussion

The development of medical treatments including

calcimimetics has changed the treatment of SHPT (23, 24). With

the demonstration of efficacy, treatment for SHPT has changed

from PTx to medical treatment. Nevertheless, patients with SHPT

refractory to medical treatment exist (25). For these patients, PTx is

the best treatment and should be indicated without delay to

improve their QOL and reduce mortality (2, 150, 151). However,

as the number of PTx for SHPT has decreased, consequently

endocrine surgeons who have sufficient experience in performing

PTx for SHPT are also decreasing. The difficulty of PTx for SHPT

lies in removing all PTGs to prevent persistent or recurrent SHPT.

For this purpose, preoperative imaging diagnosis and other

intraoperative procedures are critical. Additionally, the

appropriate PTx procedure should be selected according to the

patients’ condition and their schedule of kidney transplantation

(53). Although there are several reviews on PTx for SHPT, there is

no specific focus on the procedures for successful PTx, only on the

outcomes after PTx. In this review, we focused on methods to

achieve successful PTx based on previously published literature.

Young endocrine surgeons might only have limited opportunities to

perform PTx for SHPT. It is important to select the appropriate

methods and modalities to ensure the success of PTx, and these
Frontiers in Endocrinology 11
principles should be handed down to the next generations. For such

young endocrine surgeons, the authors hope that this review will be

valuable. Considering that currently a limited number of studies

have compared the safety and efficacy of calcimimetics and PTx,

there is need for future studies to guide surgeons in choosing the

optimal treatment approach. Moreover, future studies should

investigate new modalities and methods to further improve the

outcomes of treatment for SHPT.
Author contributions

TH drafted the manuscript. YH, KF, MO, NG, YT, SN, YW, and

TI revised the manuscript. All authors contributed to the article and

approved the submitted version.
Acknowledgments

We would like to thank Editage (www.editage.com) for English

language editing.
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.
References
1. Cunningham J, Locatelli F, Rodriguez M. Secondary hyperparathyroidism:
pathogenesis, disease progression, and therapeutic options. Clin J Am Soc Nephrol
(2011) 6:913–21. doi: 10.2215/CJN.06040710

2. Komaba H, Hamano T, Fujii N, Moriwaki K, Wada A, Masakane I, et al.
Parathyroidectomy vs cinacalcet among patients undergoing hemodialysis. J Clin
Endocrinol Metab (2022) 107:2016–25. doi: 10.1210/clinem/dgac142

3. Rodriguez M, Caravaca F, Fernandez E, Borrego MJ, Lorenzo V, Cubero J, et al.
Parathyroid function as a determinant of the response to calcitriol treatment in the
hemodialysis patient. Kidney Int (1999) 56:306–17. doi: 10.1046/j.1523-
1755.1999.00538.x

4. Patel SR, Ke HQ, Vanholder R, Koenig RJ, Hsu CH. Inhibition of calcitriol
receptor binding to vitamin d response elements by uremic toxins. J Clin Invest (1995)
96:50–9. doi: 10.1172/JCI118061

5. Bleyer AJ, Burke SK, Dillon M, Garrett B, Kant KS, Lynch D, et al. A comparison
of the calcium-free phosphate binder sevelamer hydrochloride with calcium acetate in
the treatment of hyperphosphatemia in hemodialysis patients. Am J Kidney Dis (1999)
33:694–701. doi: 10.1016/S0272-6386(99)70221-0
6. Filho WA, van der Plas WY, Brescia MDG, Nascimento CP, Goldenstein PT,
Neto LMM, et al. Quality of life after surgery in secondary hyperparathyroidism,
comparing subtotal parathyroidectomy with total parathyroidectomy with immediate
parathyroid autograft: prospective randomized trial. Surgery (2018) 164:978–85.
doi: 10.1016/j.surg.2018.06.032

7. Komaba H, Taniguchi M, Wada A, Iseki K, Tsubakihara Y, Fukagawa M.
Parathyroidectomy and survival among Japanese hemodialysis patients with
secondary hyperparathyroidism. Kidney Int (2015) 88:350–9. doi: 10.1038/ki.2015.72

8. Kestenbaum B, Andress DL, Schwartz SM, Gillen DL, Seliger SL, Jadav PR, et al.
Survival following parathyroidectomy among united states dialysis patients. Kidney Int
(2004) 66:2010–6. doi: 10.1111/j.1523-1755.2004.00972.x

9. Rudser KD, de Boer IH, Dooley A, Young B, Kestenbaum B. Fracture risk after
parathyroidectomy among chronic hemodialysis patients. J Am Soc Nephrol (2007)
18:2401–7. doi: 10.1681/ASN.2007010022

10. Chou FF, Chen JB, Lee CH, Chen SH, Sheen-Chen SM. Parathyroidectomy can
improve bone mineral density in patients with symptomatic secondary
hyperparathyroidism. Arch Surg (2001) 136:1064–8. doi: 10.1001/archsurg.136.9.1064
frontiersin.org

https://doi.org/10.2215/CJN.06040710
https://doi.org/10.1210/clinem/dgac142
https://doi.org/10.1046/j.1523-1755.1999.00538.x
https://doi.org/10.1046/j.1523-1755.1999.00538.x
https://doi.org/10.1172/JCI118061
https://doi.org/10.1016/S0272-6386(99)70221-0
https://doi.org/10.1016/j.surg.2018.06.032
https://doi.org/10.1038/ki.2015.72
https://doi.org/10.1111/j.1523-1755.2004.00972.x
https://doi.org/10.1681/ASN.2007010022
https://doi.org/10.1001/archsurg.136.9.1064
https://doi.org/10.3389/fendo.2023.1169793
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Hiramitsu et al. 10.3389/fendo.2023.1169793
11. Koiwa F, Hasegawa T, Tanaka R, Kakuta T. Indication and efficacy of PEIT in
the management of secondary hyperparathyroidism. NDT Plus (2008) 1:iii14–7.
doi: 10.1093/ndtplus/sfn081

12. Fukagawa M, Kitaoka M, Tominaga Y, Akizawa T, Kakuta T, Onoda N, et al.
Kurokawa for the Japanese society for parathyroid intervention k. guidelines for
percutaneous ethanol injection therapy of the parathyroid glands in chronic dialysis
patients. Nephrol Dial Transplant (2003) 18:iii31–3. doi: 10.1093/ndt/gfg1008

13. Bozic M, Diaz-Tocados JM, Bermudez-Lopez M, Forné C, Martinez C,
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Label-free intraoperative parathyroid localization with near-infrared autofluorescence
imaging. J Clin Endocrinol Metab (2014) 99:4574–80. doi: 10.1210/jc.2014-2503

96. McWade MA, Sanders ME, Broome JT, Solórzano CC, Mahadevan-Jansen A.
Establishing the clinical utility of autofluorescence spectroscopy for parathyroid
detection. Surgery (2016) 159:193–203. doi: 10.1016/j.surg.2015.06.047

97. Cui L, Gao Y, Yu H, Li M, Wang B, Zhou T, et al. Intraoperative parathyroid
localization with near-infrared fluorescence imaging using indocyanine green during
frontiersin.org

https://doi.org/10.1007/s00268-011-1079-6
https://doi.org/10.1007/s00268-006-0391-z
https://doi.org/10.1097/00000658-198603000-00011
https://doi.org/10.1097/00000658-198603000-00011
https://doi.org/10.1016/j.surg.2006.07.017
https://doi.org/10.1097/00000658-200205000-00009
https://doi.org/10.1097/00000658-200205000-00009
https://doi.org/10.1016/j.jamcollsurg.2019.01.019
https://doi.org/10.1016/j.ijsu.2017.06.029
https://doi.org/10.2215/CJN.10390917
https://doi.org/10.2215/CJN.10390917
https://doi.org/10.1007/s00268-010-0711-1
https://doi.org/10.1016/j.amjsurg.2017.07.018
https://doi.org/10.1016/j.amjsurg.2017.07.018
https://doi.org/10.1007/BF01665309
https://doi.org/10.1016/j.surg.2018.04.076
https://doi.org/10.1097/01.asn.0000129337.50739.48
https://doi.org/10.1053/j.ajkd.2008.06.024
https://doi.org/10.1111/nep.12801
https://doi.org/10.1007/s00423-019-01809-7
https://doi.org/10.1055/s-0030-1262542
https://doi.org/10.1007/s00268-013-2091-9
https://doi.org/10.1097/SLA.0000000000001875
https://doi.org/10.1080/0886022X.2017.1363779
https://doi.org/10.1080/0886022X.2017.1363779
https://doi.org/10.1007/BF00309231
https://doi.org/10.1111/j.1744-9987.2008.00615.x
https://doi.org/10.21037/atm-20-1643
https://doi.org/10.21037/atm-20-1643
https://doi.org/10.1002/(SICI)1098-2388(199703/04)13:2%3C78::AID-SSU3%3E3.0.CO;2-Z
https://doi.org/10.1002/(SICI)1098-2388(199703/04)13:2%3C78::AID-SSU3%3E3.0.CO;2-Z
https://doi.org/10.1016/j.amjoto.2019.102370
https://doi.org/10.1016/j.surg.2007.05.004
https://doi.org/10.1016/j.surg.2003.06.001
https://doi.org/10.1007/s00423-008-0384-5
https://doi.org/10.1021/bi00619a019
https://doi.org/10.1172/JCI110052
https://doi.org/10.1210/jcem.81.11.8923839
https://doi.org/10.1111/j.1744-9987.2011.00926.x
https://doi.org/10.1097/MD.0000000000001213
https://doi.org/10.1038/srep26841
https://doi.org/10.1016/j.clinbiochem.2018.02.019
https://doi.org/10.1097/00000478-199805000-00003
https://doi.org/10.1097/00000478-199805000-00003
https://doi.org/10.1016/j.amjsurg.2007.05.059
https://doi.org/10.1117/1.3583571
https://doi.org/10.1016/j.surg.2013.06.046
https://doi.org/10.1210/jc.2014-2503
https://doi.org/10.1016/j.surg.2015.06.047
https://doi.org/10.3389/fendo.2023.1169793
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Hiramitsu et al. 10.3389/fendo.2023.1169793
total parathyroidectomy for secondary hyperparathyroidism. Sci Rep (2017) 7:8193.
doi: 10.1038/s41598-017-08347-6

98. Wolf HW, Grumbeck B, Runkel N. Intraoperative verification of parathyroid
glands in primary and secondary hyperparathyroidism using near-infrared
autofluorescence (IOPA). Updates Surg (2019) 71:579–85. doi: 10.1007/s13304-019-
00652-1

99. 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:E2097–104.
doi: 10.1002/lary.29310

100. Perrier ND, Ituarte P, Kikuchi S, Siperstein AE, Duh QY, Clark OH, et al.
Intraoperative parathyroid aspiration and parathyroid hormone assay as an alternative
to frozen section for tissue identification.World J Surg (2000) 24:1319–22. doi: 10.1007/
s002680010218

101. Chan RK, Ibrahim SI, Pil P, Tanasijevic M, Moore FD. Validation of a method
to replace frozen section during parathyroid exploration by using the rapid parathyroid
hormone assay on parathyroid aspirates. Arch Surg (2005) 140:371–3. doi: 10.1001/
archsurg.140.4.371

102. Farrag T, Weinberger P, Seybt M, Terris DJ. Point-of-care rapid intraoperative
parathyroid hormone assay of needle aspirates from parathyroid tissue: A substitute for
frozen sections. Am J Otolaryngol (2011) 32:574–7. doi: 10.1016/j.amjoto.2010.11.013

103. Jain N, Reilly RF. Hungry bone syndrome. Curr Opin Nephrol Hypertens (2017)
26:250–5. doi: 10.1097/MNH.0000000000000327

104. Tominaga Y. Surgical management of secondary and tertiary
hyperparathyroidism. In: Randolph GW, editor. Surgery of the thyroid and
parathyroid glands, 3rd ed. Philadelphia, PA: Elsevier–Health Sciences Division
(2020). p. 564–75.

105. Steinl GK, Kuo JH. Surgical management of secondary hyperparathyroidism.
Kidney Int Rep (2021) 6:254–64. doi: 10.1016/j.ekir.2020.11.023

106. Zhao S, GanW, XieW, Cao J, Zhang L, Wen P, et al. A single-center experience
of parathyroidectomy in 1500 cases for secondary hyperparathyroidism: A
retrospective study. Ren Fail (2022) 44:23–9. doi: 10.1080/0886022X.2021.2016445

107. Bures C, Uluk Y, Besmens M, Akca A, Dobrindt EM, Pratschke J, et al.
Hyperka lemia fo l lowing para thyro idec tomy in pat ients wi th rena l
hyperparathyroidism–new thresholds for urgent perioperative dialysis. J Clin Med
(2022) 11:409. doi: 10.3390/jcm11020409

108. Yang YL, Lu HF, Chung KC, Jawan B, Chou FF. Young age, male sex, and end-
stage renal disease with secondary hyperparathyroidism as risk factors for
intraoperative hyperkalemia during parathyroidectomy. J Clin Anesth (2015) 27:195–
200. doi: 10.1016/j.jclinane.2014.06.015

109. Li S, Liu S, Chen Q, Ge P, Jiang J, Sheng X, et al. Clinical predictor of
postoperative hyperkalemia after parathyroidectomy in patients with hemodialysis. Int
J Surg (2018) 53:1–4. doi: 10.1016/j.ijsu.2018.03.003

110. Edafe O, Cochrane E, Balasubramanian SP. Reoperation for bleeding after
thyroid and parathyroid surgery: incidence, risk factors, prevention, and management.
World J Surg (2020) 44:1156–62. doi: 10.1007/s00268-019-05322-2

111. Inabnet III WB, Scott-Coombes D, Volpi E. Nonneural complications of
thyroid and parathyroid surgey. In: Randolph GW, editor. Surgery of the thyroid and
parathyroid glands, 3rd ed. Philadelphia: Elsevier – Health Sciences Division (2020). p.
419–25.

112. Casella C, Galani A, Totaro L, Ministrini S, Lai S, Dimko M, et al. Total
parathyroidectomy with subcutaneous parathyroid forearm autotransplantation in the
treatment of secondary hyperparathyroidism: a single-center experience. Int J
Endocrinol (2018) 2018:1–7. doi: 10.1155/2018/6065720

113. Anamaterou C, Lang M, Schimmack S, Rudofsky G, Büchler MW, Schmitz-
Winnenthal H. Autotransplantation of parathyroid grafts into the tibialis anterior
muscle after parathyroidectomy: A novel autotransplantation site. BMC Surg (2015)
15:113. doi: 10.1186/s12893-015-0098-x

114. Casanova D, Sarfati E, De Francisco A, Amado JA, Arias M, Dubost C.
Secondary hyperparathyroidism: diagnosis of site of recurrence. World J Surg (1991)
15:546–9; discussion 549-50. doi: 10.1007/BF01675660

115. Schlosser K, Sitter H, Rothmund M, Zielke A. Assessing the site of recurrence
in patients with secondary hyperparathyroidism by a simplified Casanova
autograftectomy test. World J Surg (2004) 28:583–8. doi: 10.1007/s00268-004-
7321-8

116. Hergan K, Neyer U, Doringer W, Mündle M. MR imaging in graft-dependent
recurrent hyperparathyroidism after parathyroidectomy and autotransplantation. J
Magn Reson Imaging (1995) 5:541–4. doi: 10.1002/jmri.1880050511

117. Yin L, Guo D, Liu J, Yan J. The role of 99mTc-MIBI SPECT-CT in reoperation
therapy of persistent hyperparathyroidism patients. OpenMed (Wars) (2015) 10:462–7.
doi: 10.1515/med-2015-0064

118. Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, Chertow GM.
Mineral metabolism, mortality, and morbidity in maintenance hemodialysis. J Am Soc
Nephrol (2004) 15:2208–18. doi: 10.1097/01.ASN.0000133041.27682.A2

119. Young EW, Albert JM, Satayathum S, Goodkin DA, Pisoni RL, Akiba T, et al.
Predictors and consequences of altered mineral metabolism: The dialysis outcomes and
practice patterns study. Kidney Int (2005) 67:1179–87. doi: 10.1111/j.1523-
1755.2005.00185.x
Frontiers in Endocrinology 14
120. Slinin Y, Foley RN, Collins AJ. Calcium, phosphorus, parathyroid hormone,
and cardiovascular disease in hemodialysis patients: The USRDS waves 1, 3, and 4
study. J Am Soc Nephrol (2005) 16:1788–93. doi: 10.1681/ASN.2004040275

121. Kalantar-Zadeh K, Kuwae N, Regidor DL, Kovesdy CP, Kilpatrick RD,
Shinaberger CS, et al. Survival predictability of time-varying indicators of bone
disease in maintenance hemodialysis patients. Kidney Int (2006) 70:771–80.
doi: 10.1038/sj.ki.5001514

122. Kimata N, Albert JM, Akiba T, Yamazaki S, Kawaguchi Y, Fukuhara S, et al.
Association of mineral metabolism factors with all-cause and cardiovascular mortality
in hemodialysis patients: The Japan dialysis outcomes and practice patterns study.
Hemodial Int (2007) 11:340–8. doi: 10.1111/j.1542-4758.2007.00190.x

123. Brown EM. Clinical utility of calcimimetics targeting the extracellular calcium-
sensing receptor (CaSR). Biochem Pharmacol (2010) 80:297–307. doi: 10.1016/
j.bcp.2010.04.002

124. Fukagawa M, Fukuma S, Onishi Y, Yamaguchi T, Hasegawa T, Akizawa T,
et al. Prescription patterns and mineral metabolism abnormalities in the cinacalcet era:
Results from the MBD-5D study. Clin J Am Soc Nephrol (2012) 7:1473–80.
doi: 10.2215/CJN.13081211

125. Komaba H, Nakanishi S, Fujimori A, Tanaka M, Shin J, Shibuya K, et al.
Cinacalcet effectively reduces parathyroid hormone secretion and gland volume
regard le s s of pre t rea tment g land s ize in pat i ent s wi th secondary
hyperparathyroidism. Clin J Am Soc Nephrol (2010) 5:2305–14. doi: 10.2215/
CJN.02110310

126. Tatsumi R, Komaba H, Kanai G, Miyakogawa T, Sawada K, Kakuta T, et al.
Cinacalcet induces apoptosis in parathyroid cells in patients with secondary
hyperparathyroidism: Histological and cytological analyses. Nephron Clin Pract
(2013) 124:224–31. doi: 10.1159/000357951

127. Behets GJ, Spasovski G, Sterling LR, Goodman WG, Spiegel DM, De Broe ME,
et al. Bone histomorphometry before and after long-term treatment with cinacalcet in
dialysis patients with secondary hyperparathyroidism. Kidney Int (2015) 87:846–56.
doi: 10.1038/ki.2014.349

128. Moe SM, Abdalla S, Chertow GM, Parfrey PS, Block GA, Correa-Rotter R, et al.
Effects of cinacalcet on fracture events in patients receiving hemodialysis: The EVOLVE
trial. J Am Soc Nephrol (2015) 26:1466–75. doi: 10.1681/ASN.2014040414

129. EVOLVE Trial Investigators, Chertow GM, Block GA, Correa-Rotter R,
Drüeke TB, Floege J, et al. Effect of cinacalcet on cardiovascular disease in patients
undergoing dialysis. N Engl J Med (2012) 367:2482–94. doi: 10.1056/NEJMoa1205624

130. Wheeler DC, London GM, Parfrey PS, Block GA, Correa-Rotter R, Dehmel B,
et al. Effects of cinacalcet on atherosclerotic and nonatherosclerotic cardiovascular
events in patients receiving hemodialysis: the EValuation of cinacalcet HCl therapy to
lower CardioVascular events (EVOLVE) trial. J Am Heart Assoc (2014) 3:e001363.
doi: 10.1161/JAHA.114.001363

131. Raggi P, Chertow GM, Torres PU, Csiky B, Naso A, Nossuli K, et al. The
ADVANCE study: A randomized study to evaluate the effects of cinacalcet plus low-
dose vitamin d on vascular calcification in patients on hemodialysis. Nephrol Dial
Transplant (2011) 26:1327–39. doi: 10.1093/ndt/gfq725

132. Akizawa T, Kurita N, Mizobuchi M, Fukagawa M, Onishi Y, Yamaguchi T,
et al. PTH-dependence of the effectiveness of cinacalcet in hemodialysis patients with
secondary hyperparathyroidism. Sci Rep (2016) 6:19612. doi: 10.1038/srep19612

133. Friedl C, Reibnegger G, Kramar R, Zitt E, Pilz S, Mann JFE, et al. Mortality in
dialysis patients with cinacalcet use: a large observational registry study. Eur J Intern
Med (2017) 42:89–95. doi: 10.1016/j.ejim.2017.05.002

134. Tanaka M, Yoshida K, Fukuma S, Ito K, Matsushita K, Fukagawa M, et al.
Effects of secondary hyperparathyroidism treatment on improvement in anemia:
Results from the MBD-5D study. PloS One (2016) 11:e0164865. doi: 10.1371/
journal.pone.0164865

135. Gincherman Y, Moloney K, McKee C, Coyne DW. Assessment of adherence to
cinacalcet by prescription refill rates in hemodialysis patients. Hemodial Int (2010)
14:68–72. doi: 10.1111/j.1542-4758.2009.00397.x

136. 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) 317:156–64. doi: 10.1001/jama.2016.19468

137. Wolf M, Block GA, Chertow GM, Cooper K, Fouqueray B, Moe SM, et al.
Effects of etelcalcetide on fibroblast growth factor 23 in patients with secondary
hyperparathyroidism receiving hemodialysis. Clin Kidney J (2020) 13:75–84.
doi: 10.1093/ckj/sfz034

138. Arenas MD, Rodelo-Haad C, de Mier MVP, Rodriguez M. Control of
hyperparathyroidism with the intravenous calcimimetic etelcalcetide in dialysis
patients adherent and non-adherent to oral calcimimetics. Clin Kidney J (2021)
14:840–6. doi: 10.1093/ckj/sfaa005

139. 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) 94:818–25. doi: 10.1016/
j.kint.2018.05.013

140. Yokoyama K, Shimazaki R, Fukagawa M, Akizawa T, Maeda Y, Ueki K, et al.
Long-term efficacy and safety of evocalcet in Japanese patients with secondary
hyperparathyroidism receiving hemodialysis. Sci Rep (2019) 9:6410. doi: 10.1038/
s41598-019-42017-z
frontiersin.org

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/10.1007/s002680010218
https://doi.org/10.1007/s002680010218
https://doi.org/10.1001/archsurg.140.4.371
https://doi.org/10.1001/archsurg.140.4.371
https://doi.org/10.1016/j.amjoto.2010.11.013
https://doi.org/10.1097/MNH.0000000000000327
https://doi.org/10.1016/j.ekir.2020.11.023
https://doi.org/10.1080/0886022X.2021.2016445
https://doi.org/10.3390/jcm11020409
https://doi.org/10.1016/j.jclinane.2014.06.015
https://doi.org/10.1016/j.ijsu.2018.03.003
https://doi.org/10.1007/s00268-019-05322-2
https://doi.org/10.1155/2018/6065720
https://doi.org/10.1186/s12893-015-0098-x
https://doi.org/10.1007/BF01675660
https://doi.org/10.1007/s00268-004-7321-8
https://doi.org/10.1007/s00268-004-7321-8
https://doi.org/10.1002/jmri.1880050511
https://doi.org/10.1515/med-2015-0064
https://doi.org/10.1097/01.ASN.0000133041.27682.A2
https://doi.org/10.1111/j.1523-1755.2005.00185.x
https://doi.org/10.1111/j.1523-1755.2005.00185.x
https://doi.org/10.1681/ASN.2004040275
https://doi.org/10.1038/sj.ki.5001514
https://doi.org/10.1111/j.1542-4758.2007.00190.x
https://doi.org/10.1016/j.bcp.2010.04.002
https://doi.org/10.1016/j.bcp.2010.04.002
https://doi.org/10.2215/CJN.13081211
https://doi.org/10.2215/CJN.02110310
https://doi.org/10.2215/CJN.02110310
https://doi.org/10.1159/000357951
https://doi.org/10.1038/ki.2014.349
https://doi.org/10.1681/ASN.2014040414
https://doi.org/10.1056/NEJMoa1205624
https://doi.org/10.1161/JAHA.114.001363
https://doi.org/10.1093/ndt/gfq725
https://doi.org/10.1038/srep19612
https://doi.org/10.1016/j.ejim.2017.05.002
https://doi.org/10.1371/journal.pone.0164865
https://doi.org/10.1371/journal.pone.0164865
https://doi.org/10.1111/j.1542-4758.2009.00397.x
https://doi.org/10.1001/jama.2016.19468
https://doi.org/10.1093/ckj/sfz034
https://doi.org/10.1093/ckj/sfaa005
https://doi.org/10.1016/j.kint.2018.05.013
https://doi.org/10.1016/j.kint.2018.05.013
https://doi.org/10.1038/s41598-019-42017-z
https://doi.org/10.1038/s41598-019-42017-z
https://doi.org/10.3389/fendo.2023.1169793
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Hiramitsu et al. 10.3389/fendo.2023.1169793
141. Abdelhadi M, Nordenström J. Bone mineral recovery after parathyroidectomy
in patients with primary and renal hyperparathyroidism. J Clin Endocrinol Metab
(1998) 83:3845–51. doi: 10.1210/jcem.83.11.5249

142. Esposito MG, Cesare CM, De Santo RM, Cice G, Perna AF, Violetti E, et al.
Parathyroidectomy improves the quality of sleep in maintenance hemodialysis patients
with severe hyperparathyroidism. J Nephrol (2008) 21:S92–6.

143. Goldsmith DJ, Covic AA, Venning MC, Ackrill P. Blood pressure reduction
after parathyroidectomy for secondary hyperparathyroidism: Further evidence
implicating calcium homeostasis in blood pressure regulation. Am J Kidney Dis
(1996) 27:819–25. doi: 10.1016/s0272-6386(96)90519-3

144. Hsu YH, Yu HY, Chen HJ, Li TC, Hsu CC, Kao CH. The risk of peripheral
arterial disease after parathyroidectomy in patients with end-stage renal disease. PloS
One (2016) 11:e0156863. doi: 10.1371/journal.pone.0156863

145. Chou FF, Chen JB, Hsieh KC, Liou CW. Cognitive changes after
parathyroidectomy in patients with secondary hyperparathyroidism. Surgery (2008)
143:526–32. doi: 10.1016/j.surg.2007.11.019

146. Trunzo JA, McHenry CR, Schulak JA, Wilhelm SM. Effect of
parathyroidectomy on anemia and erythropoietin dosing in end-stage renal disease
patients with hyperparathyroidism. Surgery (2008) 144:915–8; discussion 919.
doi: 10.1016/j.surg.2008.07.026
Frontiers in Endocrinology 15
147. Ishani A, Liu J, Wetmore JB, Lowe KA, Do T, Bradbury BD, et al. Clinical
outcomes after parathyroidectomy in a nationwide cohort of patients on hemodialysis.
Clin J Am Soc Nephrol (2015) 10:90–7. doi: 10.2215/CJN.03520414

148. Apetrii M, Goldsmith D, Nistor I, Siriopol D, Voroneanu L, Scripcariu D, et al.
Impact of surgical parathyroidectomy on chronic kidney disease-mineral and bone
disorder (CKD-MBD) - a systematic review and meta-analysis. PloS One (2017) 12:
e0187025. doi: 10.1371/journal.pone.0187025

149. Chen L, Wang K, Yu S, Lai L, Zhang X, Yuan J, et al. Long-term mortality after
parathyroidectomy among chronic kidney disease patients with secondary
hyperparathyroidism: A systematic review and meta-analysis. Ren Fail (2016)
38:1050–8. doi: 10.1080/0886022X.2016.1184924

150. Alvarado L, Sharma N, Lerma R, Dwivedi A, Ahmad A, Hechanova A, et al.
Parathyroidectomy versus cinacalcet for the treatment of secondary
hyperparathyroidism in hemodialysis patients. World J Surg (2022) 46:813–9.
doi: 10.1007/s00268-022-06439-7

151. van der Plas WY, Dulfer RR, Engelsman AF, Vogt L, de Borst MH, van
Ginhoven TM, et al. Effect of parathyroidectomy and cinacalcet on quality of life
in patients with end-stage renal disease-related hyperparathyroidism: A
systematic review. Nephrol Dial Transplant (2017) 32:1902–8. doi: 10.1093/
ndt/gfx044
frontiersin.org

https://doi.org/10.1210/jcem.83.11.5249
https://doi.org/10.1016/s0272-6386(96)90519-3
https://doi.org/10.1371/journal.pone.0156863
https://doi.org/10.1016/j.surg.2007.11.019
https://doi.org/10.1016/j.surg.2008.07.026
https://doi.org/10.2215/CJN.03520414
https://doi.org/10.1371/journal.pone.0187025
https://doi.org/10.1080/0886022X.2016.1184924
https://doi.org/10.1007/s00268-022-06439-7
https://doi.org/10.1093/ndt/gfx044
https://doi.org/10.1093/ndt/gfx044
https://doi.org/10.3389/fendo.2023.1169793
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Treatment for secondary hyperparathyroidism focusing on parathyroidectomy
	1 Introduction
	2 Indication for PTx
	3 Preoperative imaging evaluations for PTx in SHPT
	4 Surgical procedure of PTx for SHPT
	5 Comparison of PTx procedures
	5.1 Subtotal PTx versus total PTx with autotransplantation
	5.2 Total PTx without autotransplantation versus total PTx with autotransplantation and transcervical thymectomy
	5.3 Subtotal PTx versus total PTx without autotransplantation versus total PTx with autotransplantation and transcervical thymectomy

	6 Additional methods during PTx
	6.1 IONM
	6.2 IOIPTH monitoring
	6.3 Frozen section diagnosis
	6.4 Other methods

	7 Postoperative complications and treatments
	8 Persistent or recurrent SHPT after PTx
	8.1 Diagnosis of persistent or recurrent SHPT
	8.2 Re-PTx for persistent or recurrent SHPT

	9 Outcomes of calcimimetics treatment and PTx
	9.1 Cinacalcet hydrochloride
	9.2 Etelcalcetide hydrochloride
	9.3 Evocalcet
	9.4 PTx
	9.5 Calcimimetics treatment versus PTx

	10 Discussion
	Author contributions
	Acknowledgments
	References


