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Abstract. Parathyroidectomy (PTX) is the standard treatment for secondary hyperparathyroidism (SHPT); however, the
administration of cinacalcet has gained prominence as a noninvasive treatment. We aimed to determine whether PTX or
cinacalcet is more effective in preventing morbidity and mortality through reviewing follow-up data concerning surgical
management of SHPT. We retrospectively analyzed and divided 209 patients with SHPT into two treatment groups: PTX (n =
78) and cinacalcet (n = 131) groups. We compared clinical features, the over-the-target range rate during pre- and postintervention periods, new cardiovascular events, and all-cause mortality between both groups. Almost all biochemical
parameters were well controlled in the post-intervention period, and were within the recommended target range for the PTX
group but not for the cinacalcet group. A significant difference was observed in the over-the-target range rate during the postintervention period between the groups. PTX and cinacalcet interventions significantly lowered the over-the-target range rates
for serum intact parathyroid hormone (iPTH) (>300 pg/mL), corrected calcium (>10.5 mg/mL), serum phosphorus (>5.5 mg/
dL), and calcium–phosphorus product (>55) in both groups (p = 0.001). PTX reduced the risk of new cardiovascular events by
86% compared to cinacalcet (p = 0.001); however, all-cause mortality did not differ significantly (14.1% vs. 7.6%, p = 0.132).
For patients with SHPT, PTX helps prevent cardiovascular events through normalizing biochemical variables, according to
recommended guidelines. PTX should be considered before cinacalcet treatment to prevent new cardiovascular events. Early
PTX for appropriate patients can help prevent immediate postoperative complications and mortality.
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SECONDARY HYPERPARATHYROIDISM (SHPT)
is a common complication among patients undergoing
hemodialysis for end-stage renal disease (ESRD), affect‐
ing quality of life (QOL) and leading to mortality. Surgi‐
cal parathyroidectomy (PTX) is necessary for patients
resistant to medical therapy. Recent studies have shown
that, with the emergence of cinacalcet, treatment has
been managed without PTX [1-7]. Calcimimetics such as
cinacalcet may allow nephrologists and/or endocrinolo‐
gists to avoid invasive procedures and bridge the gap
between renal transplantation and medical therapy. The
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vascular Events (EVOLVE) trial and the INDEPEND‐
ENT study both aimed to determine the benefits of
cinacalcet, and the findings of these studies indicated
that cinacalcet treatment was superior to other medical
treatments [8-10]. Nevertheless, PTX continues to play
an important role in the management of uncontrolled
SHPT [11-13]. The prevalence rates for PTX have been
reported to vary by country, ranging from 4% to 14.3%
[14]. A recent multicenter study in Korea reported that
the proportion of dialyzing patients with ESRD having
biochemical parameters outside the recommended target
range, according to clinical practice guidelines, was
modest [15]. One study reported that PTX was not an
optimal procedure to achieve adjustment for all biochem‐
ical parameters to within a normal range [16]. However,
a recent study showed that a shorter dialysis period prior
to PTX facilitated normalization of biochemical parame‐
ters to within the recommended target range postopera‐
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tively [17]. Since the benefits of PTX are not clearly
proven and early postoperative mortality rates are high,
nephrologists have tended to prefer noninvasive medical
treatments over PTX. However, if early PTX can reduce
mortality and complications and improve QOL, early
PTX should be considered for patients with biochemical
parameters outside the recommended clinical guideline
target range who may benefit from active surgical treat‐
ment.
We hypothesized that early PTX could reduce mortal‐
ity and complications. This study aimed to determine
whether PTX or cinacalcet was more effective in reduc‐
ing mortality and cardiovascular events using follow-up
data involving the surgical management of SHPT.

Materials and Methods
This study was approved by the Institutional Review
Board of Yonsei University. The requirement for
informed consent was waived because of the retrospec‐
tive nature of the study.
We retrospectively analyzed 360 patients with SHPT
at the Yonsei University Health System between 2006
and 2015. Of these, 151 patients were excluded. We
excluded 60 patients with a short-term follow-up period
of <6 months, and 91 patients were excluded due to
missing data concerning biochemical parameters
required for risk factor analysis. The remaining 209
patients were divided into two groups according to their
treatment method, namely, those who had undergone
PTX (n = 78) and those who had been treated with cina‐
calcet (n = 131). All pathology-based diagnoses were
histopathologically confirmed postoperatively in the
PTX group. We did not monitor parathyroid hormone
(PTH) levels intraoperatively prior to May 2014. Instead,
we assessed postoperative PTH levels within 2 hours
postoperatively. The PTX group included patients who
had undergone a subtotal PTX or a total PTX with auto‐
transplantation of the parathyroid. We compared patient
clinical signs and symptoms; and preoperative calcium,
PTH, phosphorus, and calcium–phosphorus product lev‐
els; the over-the-target range rates in the pre- and postintervention period; bone mineral density (BMD); bone
markers such as osteocalcin and Collagen type 1 Ctelopeptide (CTX), and alkaline phosphatase (ALP) lev‐
els; postoperative calcium and PTH levels; pathological
diagnosis; multiplicity; and the results of a localization
study.
We defined the over-the-target range for serum intact
PTH (iPTH) (>300 pg/mL), corrected calcium (>10.5
mg/mL), serum phosphorus (>5.5 mg/dL), and calcium–
phosphorus product (>55). Recurrence was defined as
elevated calcium and PTH levels occurring >6 months

postoperatively. Persistence was defined as elevated cal‐
cium and PTH levels within 6 months postoperatively.

Statistical analysis
Data are expressed as mean ± standard deviation. A
Fisher’s exact test or a Pearson’s chi-squared test was
used to compare the clinical findings in the cinacalcet
and PTX groups. Logistic regression analysis was used
to compare the clinicopathological findings in the
cinacalcet and PTX groups. Univariate and multivariate
analyses using Cox proportional hazards models were
performed to identify risk factors for the occurrence of
new cardiovascular events. Hazard ratios (HRs) with
95% confidence intervals (CIs) were calculated. Survival
outcomes were analyzed using the Kaplan–Meier method
and log-rank tests. A p-value of <0.05 was considered
statistically significant. Statistical analysis was per‐
formed using IBM SPSS version 20.0 for Windows (Chi‐
cago, IL, USA).

Results
There were no differences in the type of dialysis and
follow-up period after diagnosis between the PTX and
cinacalcet groups. Patients were significantly older in the
cinacalcet group than in the PTX group (48 vs. 53 years,
p = 0.04). Patients in the cinacalcet group had more
comorbidities, such as diabetes mellitus (DM), cerebro‐
vascular disease (CBVD), dyslipidemia, but not more
coronary artery occlusive disease (CAOD), arrhythmia,
valvular heart disease, and hypertension. The dialysis
period for patients was longer in the PTX group than in
the cinacalcet group (180 vs. 154 months, p = 0.019).
The largest parathyroid lesions, measured using ultraso‐
nography, were greater in size in the PTX group than
in the cinacalcet group (2.37 vs. 1.48 cm, p = 0.001)
(Table 1).
The mean cinacalcet dose was 54.8 mg and the mean
period of cinacalcet administration was 34.9 months.
New cardiovascular events occurred more frequently in
the cinacalcet group than in the PTX group (27.5% vs..
15.4, respectively, p = 0.044). However, there was no
significant difference between the two groups for allcause mortality (14.1% vs. 7.6%, p = 0.132). Postintervention hypocalcemia was common in the PTX
group. The period of hypocalcemia (corrected calcium
<7.5 mg/mL) post-intervention was longer in the PTX
group (3.44 vs.. 0.14 months, p = 0.001). Unexpected
adverse events with PTX are inevitable in some patients
due to morbidity and surgical complications, such as
postoperative bleeding, injury to the recurrent laryngeal
nerve, persistent hyperparathyroidism due to missing a
supernumerary parathyroid gland, and mortality due to
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Table 1

Clinical parameters of the patient between parathyroidectomy and Cinacalcet groups

Age (years)

Parathyroidectomy
(N = 78)

Cinacalcet
(N = 131)

p value

48.05 ± 11.74

53.11 ± 12.37

0.04*

50:28

63:68

0.025*

2.37 ± 0.81

1.48 ± 0.41

0.001*

50:28

74:57

0.278

Sex (female:male)
Parathyroid size (cm)
Dialysis type at the time of intervention (HD:PD)
Dialysis period (month)

180.7 ± 76.9

154.3 ± 78.3

0.019*

Follow up period after the diagnosis of HPT (month)

78.6 ± 51.1

73.8 ± 43.0

0.464

Period of follow up after intervention (month)

49.3 ± 36.1

38.1 ± 21.4

0.005*

68 (87.2%)

123 (93.9%)

0.094

7 (9%)

26 (19.8%)

0.037*

CAOD

15 (19.2%)

22 (16.8%)

0.655

Arrthymia

18 (23.1%)

19 (14.5%)

0.116

Valvular heart disease

8 (10.3%)

20 (15.3%)

0.304

CBVD

3 (3.8%)

23 (17.7%)

0.003*

19 (24.4%)

60 (45.8%)

0.002*

Cormorbidity
Hypertension
Diabetes mellitus

Dyslipidemia
* p < 0.05

Table 2

Clinical outcome and complication of the patient between parathyroidectomy and Cinacalcet groups
Parathyroidectomy
(N = 78)

Cinacalcet
(N = 131)

p value

New cardiovascular event requiring admission

12 (15.4%)

36 (27.5%)

0.044*

All cause mortality

11 (14.1%)

10 (7.6%)

0.132

3.44 ± 5.53

0.14 ± 0.59

0.001*

Period of hypocalcemia after intervention (month)
Corrected Calcium <7.5
Dose of Cinacalcet (mg)

54.8 ± 29.3

Period of Cinacalcet (month)

34.9 ± 21.4

Type of parathyroidectomy
Total PTX with autotransplantation

58

Subtotal PTX

20

Adverse event with parathyroidectomy

1 RLN injury → thyroplasty
1 postoperative bleeding → Reoperation
1 Dilated cardiomyopathy aggravation → mortality
2 persistent → miss a supernumerary parathyroid gland,
1 Reoperation

Total cost

1,600$ for
parathyroidectomy

1,800$/year (2 tablet/day)
increase with time

* p < 0.05

the aggravation of dilated cardiomyopathy (DCMP).
More expense was incurred in the cinacalcet group,
despite the short-term follow-up period postintervention. However, the cost of treatment remained
almost unchanged in the PTX group, if there was no
recurrence of the parathyroid lesion (Table 2).
Biochemical parameters of the patients were analyzed
between the PTX and cinacalcet groups through measur‐
ing serum iPTH, corrected calcium, serum phosphorus,

calcium–phosphorus product, ALP levels, BMD, CTX,
and osteocalcin. There were significant differences in all
parameters during the first year following the postintervention period. The post-intervention period was
determined as 2–3 months post-PTX, and from the start
of cinacalcet administration. Almost all biochemical
parameters were well controlled in the post-intervention
period and remained within the recommended target
range in the PTX group, but not in cinacalcet group,
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Table 3

Biochemical parameter of the patients between parathyroidectomy and Cinacalcet groups
Parathyroidectomy
(N = 78)

Cinacalcet
(N = 131)

p value

1,249.5 ± 645.93

718.5 ± 351.7

0.001*

108.2 ± 173.2

553.0 ± 308.9

0.001*

77.4 ± 96.3

519.1 ± 319.3

0.001*

Serum iPTH (pg/mL)
Before intervention
After intervention
1 year after intervention
Corrected calcium (mg/dL)
Before intervention

10.62 ± 1.17

10.17 ± 0.87

0.002*

After intervention

7.97 ± 0.93

9.59 ± 0.94

0.001*

1 year after intervention

8.76 ± 1.03

9.69 ± 0.82

0.001*

Before intervention

6.02 ± 1.42

6.17 ± 1.55

0.493

After intervention

4.80 ± 1.33

5.79 ± 1.36

0.001*

1 year after intervention

4.46 ± 1.29

5.52 ± 1.67

0.001*

Before intervention

64.42 ± 16.83

62.29 ± 14.87

0.343

After intervention

38.57 ± 11.74

55.08 ± 13.64

0.001*

1 year after intervention

39.06 ± 12.40

53.52 ± 16.60

0.001*

Before intervention

335.88 ± 543.58

103.59 ± 81.73

0.001*

6 month after intervention

150.24 ± 224.47

121.51 ± 140.52

0.281

65.37 ± 27.76

114.44 ± 103.42

0.042*

Before intervention

–2.4 ± 1.2

–2.1 ± 1.1

0.271

1 year after intervention

–1.4 ± 1.2

–2.2 ± 1.2

0.007*

Before intervention

4.5 ± 1.6

3.4 ± 1.7

0.022*

1 year after intervention

1.4 ± 1.6

3.3 ± 1.7

0.001*

Before intervention

530 ± 454

406 ± 486

0.222

1 year after intervention

149 ± 211

514 ± 466

0.001*

Serum phosphorus (mg/dL)

Calcium-phosphorus product

Alkaline phosphatase (ref. 37–109)

1 year after intervention
BMD

CTX (ref. <0.8)

Osteocalcin (ref. 11–70)

Reference range of Serum iPTH (pg/mL, 15–65), Corrected calcium (mg/dL, 8.5–10.5), Serum phosphorus (mg/dL,
2.5–4.2), Calcium-phosphorus product (<55). * p < 0.05

which still presented with high levels of serum PTH, cal‐
cium–phosphorus product, and bone markers (Table 3).
Paired t-tests were performed to evaluate clinical out‐
comes in the post-intervention period using the over-thetarget range rate, according to intervention type. When
comparing the PTX group with the cinacalcet group in
relation to a serum parathyroid hormone level rate of
>300 pg/mL (8.8% vs. 75.3%, respectively, p = 0.001), a
calcium–phosphorus product of >55 (9.0% vs. 42.3%,
respectively, p = 0.001), a corrected calcium of >10.5
(5.0% vs. 16.8%, respectively, p = 0.001), and a phos‐
phorus level of >5.5 (19.3% vs. 47.9%, respectively, p =
0.001), the percentages were significantly lower in the
PTX group. Cardiovascular events were defined as
coronary artery occlusive disease (CAOD), arrhythmiainduced heart failure, valvular heart disease, stroke,

peripheral arterial occlusive disease (PAOD), sudden car‐
diac death, and heart failure due to other organ failure.
The number of patients with cardiovascular events
requiring admission was also significantly lower in the
PTX group (15.4% vs. 27.5%, p = 0.044). Therefore, we
consider that both treatment options were effective in
controlling the aforementioned biochemical parameters
(Table 4).
Factors related to new cardiovascular events in the
post-intervention period were analyzed according to age,
the dialysis period, comorbidity, type of intervention, and
the over-the-target range rate (Table 5). In the univariate
analysis, there was a significantly higher occurrence of
new cardiovascular events in patients with comorbidities
such as age, DM, CAOD, arrhythmia, valvular heart dis‐
ease, CBVD, and dyslipidemia. In the multivariate analy‐

885

Secondary hyperparathyroidism

Table 4

Clinical outcomes after intervention using the rate of over the target range according to intervention type
Parathyroidecotmy (N = 78)

Variable

Cinacalcet (N = 131)

p-value

Before

1 year after

p-value

Before

1 year after

p-value

1 year after

Serum iPTH >300 (pg/mL)

92.9 ± 18.9

8.8 ± 21.9

0.001*

81.8 ± 22.2

75.3 ± 25.5

0.014*

0.001*

Corrected serum calcium >10.5 (mg/dL)

46.4 ± 42.1

5.0 ± 13.1

0.001*

22.6 ± 31.4

16.8 ± 22.9

0.015*

0.001*

Serum phosphorus >5.5 (mg/dL)

58.5 ± 37.5

19.3 ± 25.5

0.001*

57.7 ± 31.2

47.9 ± 31.0

0.001*

0.001*

Calcium-Phosphorus product >55

62.1 ± 38.2

9.0 ± 16.8

0.001*

52.1 ± 31.3

42.3 ± 30.6

0.001*

0.001*

Rate of over the target range(%)

Over the target range of Serum iPTH >300 (pg/mL), Corrected serum calcium >10.5 (mg/dL), Serum phosphorus >5.5 (mg/dL), Calciumphosphorus product >55. * p < 0.05

Table 5

Cox regression analysis for factors related to new cardiovascular event

Factor

Univariate analysis
Hazard ratio (95% CI)

p-value

Multivariate analysis
Hazard ratio (95% CI)

p-value

Age (year)

1.04 (1.01–1.08)

0.009*

1.04 (1.00 –1.08)

0.039*

Dialysis period(year)

0.98 (0.93–1.03)

0.441

1.01 (0.95 –1.07)

0.791

Hypertension

1.78 (0.43–7.37)

0.424

Diabetes mellitus

1.98 (1.04–3.76)

0.037*

1.35 (0.64–2.85)

0.433

CAOD

2.21 (1.23–3.98)

0.008*

1.19 (0.58–2.44)

0.637

Arrthymia

2.02 (1.12–3.65)

0.002*

2.26 (1.14–4.47)

0.019*

Valvular heart disease

3.10 (1.60–6.01)

0.001*

2.36 (1.04–5.36)

0.009*

CBVD

2.77 (1.42–5.38)

0.003*

1.13 (0.48–2.64)

0.778

Dyslipidemia

2.25 (1.27–3.97)

0.005*

1.12 (0.58–2.16)

0.742

PTX (vs. cinacalcet)

0.16 (0.07–0.37)

0.001*

0.14 (0.05–0.39)

0.001*

Serum iPTH >300 (pg/mL)

1.08 (0.99–1.17)

0.057

Corrected serum calcium >10.5 (mg/dL)

1.10 (0.95–1.28)

0.20

Serum phosphorus >5.5 (mg/dL)

1.07 (0.98–1.18)

0.135

Calcium-phosphorus product >55

1.11 (1.01–1.23)

0.04*

1.24 (1.08–1.43)

0.003*

Period of over the target range (year)

CI, confidence interval. * p < 0.05

sis, patients with arrhythmia (HR, 2.26; 95% CI, 1.14–
4.47) and valvular heart disease (HR, 2.36; 95% CI,
1.04–5.36) were at a significantly higher risk of cardio‐
vascular events. A longer duration of calcium–phosphorus
product >55 indicated a significantly higher risk of cardi‐
ovascular events compared to other biochemical varia‐
bles (HR, 1.24; 95% CI, 1.08–1.43). As a prognostic
factor, the type of intervention helped determine the like‐
lihood of new cardiovascular events. The PTX group
appeared to be at low risk for new cardiovascular events
in both univariate (HR, 0.16; 95% CI, 0.07–0.37) and
multivariate analyses (HR, 0.14; 95% CI, 0.05–0.39).
These findings suggest that PTX reduced the risk of new
cardiovascular events by 86% compared to cinacalcet.
Cardiovascular event-free survival significantly dif‐
fered between the PTX and cinacalcet groups. The PTX
group presented a longer period of cardiovascular event-

free survival than the cinacalcet group (p = 0.001; Fig.
1). No significant difference was observed in the overall
survival rate between the two groups (p = 0.424; Fig. 2).

Discussion
Many studies have been conducted to assess the
clinical outcomes of the calcimimetic cinacalcet, but
improvements in the mortality rate and in bone metabo‐
lism have not been consistently confirmed. However,
medical treatment using cinacalcet has been reported
to have significantly lowered calcium, phosphorus,
calcium–phosphorus product, and PTH levels [1, 3, 5-7,
18]. The effectiveness of cinacalcet on bone metabolism
was recently confirmed in the 2006–2011 BONAFIDE
trial [19]. However, additional randomized controlled tri‐
als (RCTs) have been recommended to evaluate its bene‐
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Fig. 1

Cardiovascular disease-specific event-free survival curves
according to the treatment types of secondary hyper‐
parathyroidism (p = 0.001).

Fig. 2

Overall survival curves according to the treatment types of
secondary hyperparathyroidism (p = 0.425).

fits compared to conventional treatments [7]. Several
studies have shown that cinacalcet is effective in adjust‐
ing the target range of calcium, phosphorus, calcium–
phosphorus product, and PTH [20]. Some studies have
reported that mortality rates were related to increases in
the levels of phosphorus and not those of calcium and
PTH [21, 22]. It has been proposed in observational stud‐
ies that adjusting mineral levels to within a target range
would positively affect mortality rates, but no RCT has
been conducted. However, more research is needed to
confirm whether calcium, phosphorus, and PTH are
potentially modifiable risk factors. In addition, there is
increasing interest in the use of bone-derived biomarkers
for predicting and monitoring vascular calcification [23].

Moreover, according to Kidney Disease Outcomes Qual‐
ity Initiative (KDOQI) guidelines, mineral abnormality
begins to appear when the glomerular filtration rate
(GFR) is <60 mL/min at stage II of chronic kidney dis‐
ease (CKD). In such cases, the PTH level is used as the
earliest marker for predicting mineral abnormality. One
study reported that mineral abnormality could be con‐
firmed at an early stage of CKD (GFR <50) through
observing increased levels of fibroblast growth factor 23
(FGF-23) and PTH. An increase in FGF-23 has been
reported to be associated with mortality, progression of
CKD, left ventricular hypertrophy (LVH), and cardiovas‐
cular events [24].
Phosphorus levels rise with the decline of the GFR
and are the main target for correction during dialysis
treatment. If SHPT occurs when phosphorus levels are
affected due to the GFR, calcium levels are also affected,
resulting in an increased calcium–phosphorus product,
which can easily lead to sediment formation and calcifi‐
cation. Some authors have contended that previous
relevant guidelines can be set aside and that target
phosphorus levels should be set to within the normal
range [25]. Therefore, physicians have tried to reduce
phosphate imbalance and maintain PTH levels within the
target range, to reduce CKD-accelerated cardiovascular
calcification [18, 23, 26].
No significant reductions in disease mortality and
major cardiovascular complications were demonstrated
in the EVOLVE trial when validating the effects of cina‐
calcet treatment. Although gastrointestinal side-effects
have frequently been reported, treatment with cinacalcet
can maintain PTH levels to within the target range with‐
out the need for PTX, thus, reducing the frequency of
PTX by >50% [10]. However, despite the reported
advantages of cinacalcet, PTX remains the treatment of
choice [2]. Early-stage PTX has been reported to reduce
mortality [27]; however, because physicians prefer non‐
invasive procedures, PTX may be delayed in some cases.
Bryan et al. reported a short-term mortality rate of 3%
post-PTX and a low long-term mortality rate. Another
Japanese study reported that only one of 1,053 patients
had died due to PTX. The risk of calcification and cardi‐
ovascular complications, such as arterial stiffness, con‐
duction delay, and LVH, are likely to increase with age.
If patients are exposed to uncontrolled calcium and phos‐
phorus levels over a long duration, the risk of complica‐
tions is likely to increase.
In the recent INDEPENDENT study, the use of
calcium-free phosphate binders and cinacalcet in openlabel RCTs demonstrated significant improvement in
overall survival and a 71% reduction in the risk of
complications. According to previously reported data,
cinacalcet did not significantly reduce the risk of com‐
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plications when used with vitamin D and calciumcontaining phosphate binders [9].
Multicenter studies conducted in Korea in 2014 repor‐
ted that many patients undergoing dialysis were being
treated without appropriate control of phosphorus levels
and calcium–phosphorus products. The percentages of
patients with phosphorus and calcium–phosphorus prod‐
uct levels within the KDOQI guideline ranges, which are
known to be associated with cardiovascular complica‐
tions, were 51% and 70.7%, respectively. In addition,
26.5% of the patients were reported to have a PTH level
>300 pg/mL. Therefore, a surgical approach should be
considered to reduce complications and improve QOL,
through adjusting the mineral levels to within a target
range. Furthermore, it has been suggested that treatment
for maintenance within the target range and normaliza‐
tion of bone metabolism should be considered [15]. Ini‐
tial treatments have involved various medications in
preference to invasive surgical management. As a result,
some patients have experienced increased vascular
comorbidity. In addition, cinacalcet has been reported to
be less cost-effective compared to PTX when assessed
over a 16-month period [28].
Parathyroid gland function usually recovers after kid‐
ney transplantation. Therefore, patients tend to undergo
dialysis while awaiting kidney transplantation, thereby
delaying PTX despite SHPT. However, one study repor‐
ted that a secondary parathyroid nodule might progress
to the nodular hyperplasia stage in the diffused hyperpla‐
sia stage, and progress further into the irreversible stage
when the size of the nodule increases 500 mm3 and is >1
cm [14].
Regardless of attempts to normalize parathyroid func‐
tion, it has been well established that vascular calcifica‐
tion is irreversible. Therefore, efforts should be made to
minimize vascular calcification in preparation for effec‐
tive kidney transplantation [29].
Future research is required to improve QOL and
reduce mortality through active surgical treatment for
patients who are currently eligible for PTX surgery,
according to KDOQI guidelines, at experienced centers.
Surgical treatment for SHPT in CKD patients with
ESRD who require dialysis has been considered helpful
in reducing long-term vascular complications and mor‐
tality. Large-scale studies to confirm the effectiveness of
such an approach are needed.
Although the perioperative mortality rate is high in
patients who undergo secondary parathyroid surgery,
long-term survival rates have been reported to vary post‐
operatively [30]. In addition to potentially serious com‐

plications, complications related to PTX may incline
patients to opt for other treatment procedures.
In this study, we noted surgery-related complications.
We identified one case of postoperative mortality due to
aggravation of DCMP and one case of persistent hyper‐
parathyroidism due to the presence of a supernumerary
ectopic parathyroid gland. If the risk of persistent hyper‐
parathyroidism is minimized through intraoperative PTH
monitoring during surgery, surgeons can address the like‐
lihood of short-term complications using appropriate
procedures and achieve better long-term survival without
cardiovascular complications.
The rate of new cardiovascular events was signifi‐
cantly lower in the PTX group than the cinacalcet group.
The outcomes were more favorable for patients who had
undergone PTX and who had a short period of uncontrol‐
led calcium–phosphorus product levels than for patients
in the cinacalcet group. PTX can prevent cardiovascular
events through adjusting the biochemical levels to within
the target range in patients with SHPT. PTX should be
considered to help prevent new cardiovascular events in
preference to cinacalcet treatment.
This study was limited due to its retrospective design
and the possibility of selection bias. Comparing the base‐
line characteristics between the included and excluded
patients in the analysis was not feasible. Several patients
were lost to follow-up, or the patients consulted local
clinics, or there was only a short-term follow-up because
our hospital was a referral center. Evidence-based RCTs
are needed to determine the effects of treatment between
the two groups. Therefore, we intend to undertake a pro‐
spective cohort observational study in future.

Conflict of Interest Statement
All authors declare no conflicts of interest.

Author Contributions
W.W.K. generated population data and generated
tables drafted and edited the manuscript. Y.R. and B.S.K
provided oversight, and reviewed the manuscript. K.K.
reviewed the manuscript. C.R.L., S.W.K., and J.L.
reviewed the manuscript. K.H.N. reviewed the manu‐
script. J.J.J. and W.Y.C. provided oversight, formulated
hypotheses, and reviewed the manuscript.

Funding
This study did not receive any financial support.

888

Kim et al.

Reference
1. Mei C, Chen N, Ding X, Yu X, Wang L, et al. (2016)
Efficacy and safety of cinacalcet on secondary hyperpara‐
thyroidism in Chinese chronic kidney disease patients
receiving hemodialysis. Hemodial Int 20: 589–600.
2. Tominaga Y, Matsuoka S, Uno N, Sato T (2008) Parathyr‐
oidectomy for secondary hyperparathyroidism in the era
of calcimimetics. Ther Apher Dial 12 Suppl 1: S21–S26.
3. Friedl C, Reibnegger G, Kramar R, Zitt E, Pilz S, et al.
(2017) Mortality in dialysis patients with cinacalcet use: a
large observational registry study. Eur J Intern Med 42:
89–95.
4. Akizawa T, Kurita N, Mizobuchi M, Fukagawa M, Onishi
Y, et al. (2016) PTH-dependence of the effectiveness of
cinacalcet in hemodialysis patients with secondary hyper‐
parathyroidism. Sci Rep 6: 19612.
5. Bergua C, Torregrosa JV, Fuster D, Gutierrez-Dalmau A,
Oppenheimer F, et al. (2008) Effect of cinacalcet on
hypercalcemia and bone mineral density in renal trans‐
planted patients with secondary hyperparathyroidism.
Transplantation 86: 413–417.
6. Evenepoel P (2008) Calcimimetics in chronic kidney dis‐
ease: evidence, opportunities and challenges. Kidney Int
74: 265–275.
7. Strippoli GF, Palmer S, Tong A, Elder G, Messa P, et al.
(2006) Meta-analysis of biochemical and patient-level
effects of calcimimetic therapy. Am J Kidney Dis 47: 715–
726.
8. Pasch A, Block GA, Bachtler M, Smith ER, JahnenDechent W, et al. (2017) Blood calcification propensity,
cardiovascular events, and survival in patients receiving
hemodialysis in the EVOLVE trial. Clin J Am Soc Nephrol
12: 315–322.
9. Bellasi A, Cozzolino M, Russo D, Molony D, Di Iorio B
(2016) Cinacalcet but not vitamin D use modulates the
survival benefit associated with sevelamer in the INDE‐
PENDENT study. Clin Nephrol 86: 113–124.
10. EVOLVE Trial Investigators, Chertow GM, Block GA,
Correa-Rotter R, Drueke TB, et al. (2012) Effect of cina‐
calcet on cardiovascular disease in patients undergoing
dialysis. N Engl J Med 367: 2482–2494.
11. Trombetti A, Stoermann C, Robert JH, Herrmann FR,
Pennisi P, et al. (2007) Survival after parathyroidectomy
in patients with end-stage renal disease and severe hyper‐
parathyroidism. World J Surg 31: 1014–1021.
12. Conzo G, Perna AF, Savica V, Palazzo A, Della Pietra C,
et al. (2013) Impact of parathyroidectomy on cardiovascu‐
lar outcomes and survival in chronic hemodialysis patients
with secondary hyperparathyroidism. A retrospective
study of 50 cases prior to the calcimimetics era. BMC Surg
13 Suppl 2: S4.
13. Dussol B, Morand P, Martinat C, Lombard E, Portugal H,
et al. (2007) Influence of parathyroidectomy on mortality
in hemodialysis patients: a prospective observational
study. Ren Fail 29: 579–586.
14. Tominaga Y, Matsuoka S, Uno N (2009) Surgical and

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

medical treatment of secondary hyperparathyroidism in
patients on continuous dialysis. World J Surg 33: 2335–
2342.
Kim GH, Choi BS, Cha DR, Chee DH, Hwang E, et al.
(2014) Serum calcium and phosphorus levels in patients
undergoing maintenance hemodialysis: a multicentre
study in Korea. Kidney Res Clin Pract 33: 52–57.
Kim WY, Lee JB, Kim HY, Woo SU, Son GS, et al.
(2013) Achievement of the national kidney foundation
kidney disease outcomes quality initiative: recommended
serum calcium, phosphate and parathyroid hormone val‐
ues with parathyroidectomy in patients with secondary
hyperparathyroidism. J Korean Surg Soc 85: 25–29.
van der Plas WY, Dulfer RR, Engelsman AF, Vogt L, de
Borst MH, et al. (2017) Effect of parathyroidectomy and
cinacalcet on quality of life in patients with end-stage
renal disease-related hyperparathyroidism: a systematic
review. Nephrol Dial Transplant 32: 1902–1908.
Shaheen FA, Kurpad R, Al-Sayyari AA, Souqiyyeh MZ,
Aljubori H, et al. (2016) Multinational observational study
on clinical practices and therapeutic management of min‐
eral and bone disorders in patients with chronic kidney
disease stages 4, 5, and 5D: the OCEANOS study. Saudi J
Kidney Dis Transpl 27: 290–304.
Behets GJ, Spasovski G, Sterling LR, Goodman WG,
Spiegel DM, et al. (2015) Bone histomorphometry before
and after long-term treatment with cinacalcet in dialysis
patients with secondary hyperparathyroidism. Kidney Int
87: 846–856.
Hwang E, Choi BS, Oh KH, Kwon YJ, Kim GH (2015)
Management of chronic kidney disease-mineral and bone
disorder: Korean working group recommendations. Kid‐
ney Res Clin Pract 34: 4–12.
Palmer SC, Hayen A, Macaskill P, Pellegrini F, Craig JC,
et al. (2011) Serum levels of phosphorus, parathyroid hor‐
mone, and calcium and risks of death and cardiovascular
disease in individuals with chronic kidney disease: a sys‐
tematic review and meta-analysis. JAMA 305: 1119–1127.
Rivara MB, Ravel V, Kalantar-Zadeh K, Streja E, Lau
WL, et al. (2015) Uncorrected and albumin-corrected cal‐
cium, phosphorus, and mortality in patients undergoing
maintenance dialysis. J Am Soc Nephrol 26: 1671–1681.
Lee YT, Ng HY, Chiu TT, Li LC, Pei SN, et al. (2016)
Association of bone-derived biomarkers with vascular cal‐
cification in chronic hemodialysis patients. Clin Chim
Acta 452: 38–43.
Moe SM, Chertow GM, Parfrey PS, Kubo Y, Block GA,
et al. (2015) Cinacalcet, fibroblast growth factor-23, and
cardiovascular disease in hemodialysis: the evaluation of
cinacalcet HCl therapy to lower cardiovascular events
(EVOLVE) trial. Circulation 132: 27–39.
Block G, Port FK (2003) Calcium phosphate metabolism
and cardiovascular disease in patients with chronic kidney
disease. Semin Dial 16: 140–147.
Moshar S, Bayesh S, Mohsenikia M, Najibpour R (2016)

Secondary hyperparathyroidism

The association of calcium-phosphorus product with the
severity of cardiac valves failure in patients under chronic
hemodialysis. Cardiol Res 7: 80–83.
27. Tominaga Y, Uchida K, Haba T, Katayama A, Sato T, et
al. (2001) More than 1,000 cases of total parathyroidec‐
tomy with forearm autograft for renal hyperparathyroid‐
ism. Am J Kidney Dis 38: S168–S171.
28. Narayan R, Perkins RM, Berbano EP, Yuan CM, Neff RT,
et al. (2007) Parathyroidectomy versus cinacalcet
hydrochloride-based medical therapy in the management

889

of hyperparathyroidism in ESRD: a cost utility analysis.
Am J Kidney Dis 49: 801–813.
29. Celtik A, Sen S, Yilmaz M, Demirci MS, Asci G, et al.
(2016) The effect of hypercalcemia on allograft calcifica‐
tion after kidney transplantation. Int Urol Nephrol 48:
1919–1925.
30. Kestenbaum B, Andress DL, Schwartz SM, Gillen DL,
Seliger SL, et al. (2004) Survival following parathyroidec‐
tomy among United States dialysis patients. Kidney Int 66:
2010–2016.

