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ABSTRACT
Objectives: The aim of the study was to evaluate the laboratory parameters and symptoms after
parathyroidectomy (PTX) in dialysis patients with secondary hyperparathyroidism (SHPT), and to
briefly analyze the different therapeutic effects of the three surgical methods.
Methods: A total of 182 dialysis patients who underwent PTX between February 2012 and
January 2018 at the Second Affiliated Hospital of Soochow University were included in this study
and followed for 12months. Laboratory parameters such as calcium (Ca), phosphorus (P), alkaline
phosphatase (ALP), and intact parathyroid hormone (iPTH) were measured before and after oper-
ation. According to the follow-up time and type of operation, we calculated the percentage of
laboratory indicators reaching the recommended range of the KDIGO guidelines after surgery.
We also analyzed the improvement of bone pain and pruritus, as well as surgical complications.
Results: After the operation, the levels of iPTH, Ca, and P decreased significantly at each time
point. ALP increased at the first postoperative week and gradually decreased to normal range
after 3months. Symptoms, such as bone pain and pruritus, were significantly relieved. According
to the follow-up time and three surgical methods (subtotal parathyroidectomy, total parathyroi-
dectomy, total parathyroidectomy plus autologous transplantation), we found that the ratio of
each laboratory parameter reaching the recommended range of KDIGO guidelines was signifi-
cantly different.
Conclusion: PTX is a safe and effective therapy for treating SHPT that is refractory to medical
therapies and accompanied by related signs and symptoms in dialysis patients. All three opera-
tive techniques were effective in controlling SHPT.
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1. Introduction

Secondary hyperparathyroidism (SHPT) is a major com-
plication of dialysis patients. It is characterized by disor-
ders of calcium and phosphorus metabolism, vascular
calcification, and unbalanced bone metabolism [1].
Severe SHPT also causes bone pain and itching, thus
contributing to poor quality of life in dialysis patients
[2–5]. Studies have shown that the incidence of cardio-
vascular events and all-cause mortality in patients with
chronic kidney disease with secondary hyperparathyr-
oidism are significantly increased [6].

The treatment for SHPT includes non-calcium-con-
taining phosphate binders, vitamin D sterols, vitamin D
analogs, and calcimimetics [7]. However, these treat-
ments do not always provide adequate control of SHPT,
particularly among patients with severe parathyroid
hyperplasia [8,9]. Successful parathyroidectomy can

drastically decrease PTH levels, improve control of
serum calcium and phosphorus levels, ameliorate symp-
toms related to SHPT, and reduce cardiovascular events
and overall mortality in dialysis patients [10–12]. PTX is,
thus, currently recommended in dialysis patients with
severe SHPT who fail to respond to medical treatment
[13]. Parathyroidectomy can be divided into three
types: subtotal parathyroidectomy (S-PTX), total para-
thyroidectomy (T-PTX), and total parathyroidectomy
plus autologous transplantation (PTXþAT) [14].
Nowadays, the optimal surgical treatment for secondary
hyperparathyroidism is not well defined [15].

According to KDIGO guidelines [16,17], calcium is to
be maintained within the normal range, as is phos-
phate. iPTH is to be maintained between two and nine
times the upper limit of normal (130–600 pg/mL). In
this study, we analyzed the trend of laboratory
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indicators and their ratio reaching the recommended
range of KDIGO guidelines in terms of follow-up time
and type of surgery. Meanwhile, the improvement of
bone pain and pruritus was also counted.

2. Materials and methods

2.1. Inclusion criteria

Inclusion criteria included (1) patients aged >18 years
and <70 years with SHPT with surgery indication and
(2) dialysis patients with chronic kidney disease.

2.2. Exclusion criteria

Exclusion criteria included patients over 70 years of age,
patients with severe surgical contraindications, patients
with a history of liver dysfunction or hepatitis, patients
with primary hyperparathyroidism, and patients receiv-
ing renal transplantation during the study period.

2.3. Surgery indications

Surgical indications included (1) intact parathyroid hor-
mone (iPTH) level > 800pg/mL complicated with
hypercalcemia or hyperphosphatemia; (2) failure of con-
servative medical treatment and/or ineffectiveness of
intensive dialysis; (3) complicated SHPT with severe clin-
ical symptoms, such as bone and joint pain or pruritus;
and (4) imaging examination by ultrasonography or
emission computed tomography showing that at least
one parathyroid gland was enlarged, with a diameter
greater than 1 cm or a volume larger than 0.5 cm3, and
had abundant blood flow signals. Exclusion criteria
were as follows: (1) evidence of severe cardiopulmonary
dysfunction, acute infection, abnormal liver function
and coagulation index, or severe thyroid dysfunction;
(2) patients who were unable to cooperate or had men-
tal disorders; and (3) history of multiple neck surgeries.

2.4. Surgical technique

All the operations were performed by the chief surgeon
of thyroid and breast surgery in our hospital, and two
other surgeons worked together as assistants. The
mode of operation was determined by the surgeon’s
clinical experience. The amount of glands retained dur-
ing subtotal parathyroidectomy was determined by the
result of intraoperative exploration. The general prin-
ciple is to retain more glands when they are small and
less when they are large. If the diameter of glands is
less than 1 cm, 1/2 of them will be retained, and if the
diameter of glands is greater than 2 cm, 1/4–1/3 of

them will be retained. For total parathyroidectomy with
autotransplant, the most normal-appearing non-nodu-
lar areas of the parathyroid gland were divided into
pieces of 1mm3 in size after all parathyroid glands
were removed. About 40–50mg of parathyroid tissue
was transplanted into forearm muscles without an
arteriovenous fistula for hemodialysis. Intraoperative
iPTH was collected within 10min after gland excision.

2.5. Data collection

The serum iPTH, calcium, inorganic phosphate, and
alkaline phosphatase levels were measured before the
operation (Preop), during the operation (Intrao), and
after the PTX at 1week (1 w), 3months (3m), 6months
(6m), and 12months (12m). The data of clinical symp-
toms (bone pain and pruritus), operative complications,
and recurrence of SHPT were analyzed.

Serum calcium (NV 2.0–2.7mmol/L), serum phos-
phorus (NV 0.8 1–1.55mmol/L), and alkaline phosphat-
ase (NV 4 5–135mmol/L) were determined with an
AU5000 automated chemistry analyzer (Olympus,
Tokyo, Japan). Serum iPTH levels (NV12–88 pg/mL) were
measured in an immunoradiometric assay (Nichols
Institute Diagnostics, San Juan Capistrano, CA, USA).
Compared with preoperative, intraoperative monitoring
of iPTH resulting in a rate of decline > 70% was the cri-
terion for a successful operation [18]. Diagnostic criteria
for SHPT recurrence were iPTH > 300 pg/mL and symp-
toms, such as bone pain and pruritus, 6months after
the operation [19]. Persistent SHPT was defined as a
threefold higher level of serum parathyroid hormone
than the upper limit of the reference value on the third
day after operation (the normal reference range of our
hospital is 12–88pg/mL) [20]. Hypoparathyroidism was
defined as the iPTH continued to be lower than 10 pg/
mL after one year follow-up [21].

2.6. Statistical analysis

Data management and analysis were performed using
IBMVR SPSSVR Statistics 22 for WindowsVR software (IBM
Corporation, New Orchard Road Armonk, New York,
USA). All continuous variables were expressed as the
mean± standard deviation, and categorical variables
were expressed as frequency (percentage). Continuous
data were analyzed by the t-test, categorical data were
analyzed with the Chi-square test, and skewed data
were analyzed with variance. The measurement of data
with skewed distributions were expressed by median
(interquartile range), and a nonparametric rank sum
test was used for inter-group comparison.
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3. Results

3.1. Baseline characteristics

A total of 182 maintenance dialysis patients who under-
went parathyroidectomy for severe forms of SHPT in
our hospital from February 2012 to January 2018 were
selected. There were 136 cases of hemodialysis, 43
cases of peritoneal dialysis, and 3 cases that converted
from peritoneal dialysis to hemodialysis. Their baseline
characteristics are summarized in Table 1.

3.2. Surgical results

The number of parathyroid glands removed ranged
from 1 to 5, with an average of 3.63. According to the
statistics of the number of parathyroid glands excised
during the operation, we know that 140 patients have
excised 4 parathyroid glands, 9 patients have excised 1
parathyroid gland, 10 patients have excised 2 parathy-
roid glands, 22 patients have excised 3 parathyroid
glands, and 1 patient has excised 5 parathyroid glands.
Among the patients who underwent total parathyroi-
dectomy, ectopic parathyroid (the fifth parathyroid) was
found in one case, and was removed by thor-
acic surgery.

Pathologically, 158 (86.8%) patients had nodular
hyperplasia, 19 (10.2%) had parathyroid adenoma, 5
(2.7%) had thyroid cancer, and underwent partial or
total thyroidectomy. The success rate of PTX was 85.2%
(155/182), 12.1% (22/182) patients had persistent SHPT,
and 5.5% cases (8/146) resulted in SHPT recurrence 6
months after operation. Among the recurrent cases, five
cases were treated with S-PTX and three cases were
treated with PTXþAT. In detail, five cases were caused

by residual gland recurrence and three cases by auto-
graft recurrence. We found that among the recurrent
patients, three cases chose reoperation, five cases chose
drug conservative treatment. But this is different in per-
sistent SHPT. Among them, 18 patients opted for reop-
eration, only two patients opted for medication, and
another two patients lost to follow-up. One patient
died of acute coronary syndrome during the periopera-
tive period. The main problem after the operation was
hypocalcemia, for which the incidence was 62.1%. A
total of 101 patients were treated with intravenous cal-
cium supplementation after operation, including 16
patients in S-PTX group, 24 patients in T-PTX group,
and 67 patients in PTXþAT group. After treatment
with various calcium supplementation schemes during
hospitalization, the calcium level of all patients was
improved steadily. According to statistics, the average
dose of calcium supplementation after operation is
about 2 g/day. Six months after operation, a small num-
ber of patients had elevated serum phosphorus. Our
center used lanthanum carbonate and sevelamer for
treatment. The average dose was 1 g/day and 2.4 g/day,
respectively. Consistent with the statistical probability
of complications after operation, there were two cases
of transitory recurrent laryngeal nerve injury, which
showed hoarseness but no dysphagia or dyspnea and
improved after nutritional nerve treatment. One case of
incision hemorrhage was improved after adequate
drainage and hemostasis symptomatic treatment. Three
patients had hypoparathyroidism after surgery, but for-
tunately, they did not have severe convulsions, limb
numbness, gastrointestinal discomfort, and other
adverse reactions. Eight cases of combined infection
were improved after treatment and discharged. By the

Table 1. Baseline characteristics of 182 patients.
Number of cases (value) Scope or proportion

Age (years) 48.5 ± 10.8 18–70
Gender (male/female) 100/82 54.9%/45.1%
Dialysis durations (months) 97.0 ± 42.1 12–276
Primary disease
Chronic glomerulonephritis 97 53.3%
Nephropathy of uncertain diagnosis 5 2.7%
Hypertensive nephropathy 33 18.1%
Nephropathy in hypertension 4 2.2%
Diabetic nephropathy 25 13.7%
Nephropathy in diabetes 7 3.8%
Anaphylatic purpura nephritis 3 1.6%
Lupus nephritis 8 4.4%

Clinical symptoms
Bone pain 178 97.8%
Skin pruritus 176 96.7%

Operative method
S-PTX 34 18.7%
T-PTX 28 15.4%
PTXþAT 120 65.9%

S-PTX: subtotal parathyroidectomy; T-PTX: total parathyroidectomy; PTXþAT: total parathyroidectomy plus autologous
transplantation. Continuous variables were expressed as the mean ± standard deviation and categorical variables were
expressed as frequency (percentage).
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end of the study, 36 patients lost in follow-up. Among
them, 6 patients underwent S-PTX, 4 patients under-
went T-PTX, and 26 patients underwent PTXþAT, as
shown in Table 2.

3.3. Differences in laboratory indicators and rate
of reaching KDIGO recommended range
(according to the follow-up time)

Compared with preoperative values, iPTH decreased sig-
nificantly during and after the operation (1week, 3months,
6months, and 12months after operation) (p< 0.05). ALP
increased at the first postoperative week and gradually
decreased to the normal range after 3–12months
(p< 0.05). Serum calcium and phosphorus levels were also
significantly decreased 1week, 3months, 6months, and
12months after operation (p< 0.05), as shown in Table 3.

The changes in serum biochemical parameters and
iPTH after parathyroidectomy are as follows. The serum
calcium level of the patients decreased immediately after
operation and increased slowly during the first year after
surgery due to supplementation of calcium and active vita-
min D3 (Figure 1). The varied trend of serum phosphorus
levels was similar to that of serum calcium, both of which
decreased after operation and increased slowly after oper-
ation and were stably maintained stability (Figure 2).
Similarly, the change in the product of calcium and phos-
phorus is shown in Figure 3. The majority of patients who
underwent parathyroidectomy failed to achieve the KDIGO
iPTH target (Figure 4). The changing trend of ALP is shown
in Figure 5.

As summarized in Figure 6, we analyzed the percent-
age of calcium, phosphorus, and iPTH reaching the rec-
ommended range of KDIGO guideline after PTX.

Table 2. General information on three surgical procedures (n).
S-PTX T-PTX PTXþAT

Total 34 28 120
Recurrence 5 0 3
Persistent SHPT 4 2 16
Hypocalcemia 17 26 70
Intravenous calcium supplementation 16 24 67
Lost to follow-up 6 4 26

S-PTX: subtotal parathyroidectomy; T-PTX: total parathyroidectomy;
PTXþAT: total parathyroidectomy plus autologous transplantation.

Figure 1. Changes in serum levels of calcium during the
study period.

Figure 2. Changes in serum levels of phosphorus during the
study period.

Table 3. Comparison of differences in parameters before and after PTX.
iPTH (pg/mL) ALP (u/L) Ca (mmol/L) P (mmol/L) Ca� P (mg2/dL2)

Preop (n¼ 182) 1638.75 (1182.10, 2330.68) 305.50 (163.00, 607.00) 2.73 ± 0.29 2.25 ± 0.50 75.88 ± 18.49
Intrao (n¼ 182) 204.20 (122.58, 367.08)a / / / /
1.w (n¼ 182) 30.75 (7.65, 108.73)a 321.70 (193.75, 653.75)a 1.95 ± 0.22a 1.16 ± 0.35a 27.98 ± 9.71a

3.m (n¼ 157) 54.30 (16.10, 214.75)a 223.00 (102.00, 443.00)a 2.00 ± 0.22a 1.22 ± 0.34a 30.26 ± 9.84a

6.m (n¼ 146) 63.65 (29.48, 244.50)a 107.50 (66.75, 216.50)a 2.07 ± 0.21a 1.27 ± 0.34a 32.80 ± 10.00a

12.m (n¼ 146) 59.20 (31.10, 166.43)a 99.00 (71.00, 135.00)a 2.26 ± 0.30a 1.49 ± 0.33a 42.10 ± 11.77a

PTX: parathyroidectomy; iPTH: intact parathyroid hormone; ALP: alkaline phosphatase; Ca: serum calcium; P: serum phosphorus; Ca� P: calcium phosphorus
product; Preop: Preoperative; Intrao: intraoperative; 1.w: 1week after operation; 3.m: 3months after operation; 6.m: 6months after operation; 12.m: 12months
after operation; /: not monitored. iPTH and ALP levels are expressed as the median (interquartile range); Ca, P, and Ca� P are expressed as the mean± standard
deviation; Continuous data were analyzed by the t-test. The measurement of data with skewed distributions were expressed by median (interquartile range),
and a nonparametric rank sum test was used for inter-group comparison. A probability value of ap< 0.05 was considered to be statistically significant.

924 Y. ZHANG ET AL.



Seen from the graph, the majority of patients were able
to achieve the KDIGO calcium and phosphate targets,
while approximately 34.9% of the patients were within
the KDIGO target ranges of iPTH.

3.4. Improvement of clinical symptoms (according
to the follow-up time)

The clinical symptoms of bone pain and pruritus after
operation were significantly improved compared with
those before the operation (p< 0.05), as shown in
Table 4.

3.5. Differences in laboratory indicators and rate
of reaching KDIGO recommended range
(according to the operative methods)

We analyzed the complete data according to 3 different
types of operation, and removed 36 cases of missing
patients. Among them, 6 cases underwent S-PTX, 4 cases
underwent T-PTX, and 26 cases underwent PTXþAT.
After follow-up for 1 year, it was found that the levels of
iPTH, Ca, P, and ALP could be significantly reduced by the
three surgical methods. The comparison of laboratory
indicators among three groups can be seen in Table 5.

In addition, according to the type of operation, we
made statistics on the ratio of the laboratory indicators
of each group reaching the recommended range of
KDIGO guidelines after one year of operation. The
patients in S-PTX group had the highest ratio of serum
calcium and iPTH levels reaching the range recommended

Figure 3. Changes in the Ca� P during the study period.

Figure 4. Changes in serum levels of iPTH during the
study period.

Figure 5. Changes in serum levels of ALP during the
study period.
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by the KDIGO guidelines. T-PTX group had the highest
rate of reaching the standard of serum phosphorus level.
The rate of reaching the standard of all indexes in
PTXþAT group was in the middle as shown in Figure 7.

4. Discussion

SHPT disturbs the levels of serum calcium, phosphorus,
and ALP. In recent years, large clinical studies, such as
the DOPPs and CORES studies, have shown that high or
low levels of serum calcium and phosphorus may
increase all-cause mortality and cardiovascular mortality
in CKD patients and lower their quality of life [22–24].
These findings indicate that it is crucial to control SHPT.
The target range of KDIGO guidelines provides a refer-
ence for our clinical treatment. However, the control of
PTX on the rate of reaching the target range of labora-
tory indicators in patients with secondary hyperpara-
thyroidism still needs to be further explored.

Similar to a previous study [25], we found that the
levels of iPTH, serum calcium, and phosphorus
decreased significantly after PTX. In a recent large pro-
spective, multicenter epidemiological observational
study in France [26], 9010 incident patients were
included. After 6 months of CKD-MBD targeted therapy,
the percentage of patients achieving individual KDIGO
targets was 58% for intact PTH, 38.7% for phosphate,
and 59.9% for calcium. In this study, we found that the
percentage of incident dialysis patients with serum lev-
els of calcium within the normal range was similar to

that in the Photo-Graphe 3 study. In contrast, the per-
centage of patients with serum levels of phosphate
within the recommended range of KDIGO guidelines
was higher than that in their study. This phenomenon
suggests that PTX may also improve the disorder of
serum calcium and phosphorus metabolism to some
extent. In the present study, only 34.9% of the patients
reached iPTH values within the optimal KDIGO range at
the 12th postoperative months. We considered that this
result was related to the fact that PTX caused the con-
centration of iPTH to be lower than 150 pg/mL in
approximately two-thirds of patients, which was very
similar to the study by Kovacevic et al. [27] They found
that patients undergoing parathyroidectomy achieved
the target KDIGO ranges in 11.6–34.9% of patients for
calcium and in 53.5–64.7% for phosphate. However,
iPTH levels were on target in only 11.6% of patients,
with a majority of patients below target. This result was
slightly lower than that in this paper, and given the differ-
ences in the sample sizes and normal reference ranges of
the variables selected by each center, this variability was
to be expected. Despite the low achievements of

Table 4. Improvement of clinical symptoms after operation
[n (%)].
Clinical symptoms Preop 1.m p value

Bone pain 178 (97.8%) 27 (14.8 %) <0.001
Pruritus 176 (96.7%） 31 (17.0%) <0.001

Preop: Preoperative; 1.m: 1months after operation; categorical data were
analyzed with the Chi-square test.

Table 5. Comparison of the effects of different surgical methods on laboratory indicators.
All (n¼ 146) S-PTX (n¼ 28) T-PTX (n¼ 24) PTXþAT (n¼ 94) p-value (ANOVA)

iPTH
Preop 1762.25 (1178.90, 2530.30) 1662.80 (1170.00, 2150.08) 1817.7 (1100.08, 2453.63) 1804.80 (1203.43, 2684.45) 0.533
12.m 60.80 (31.90, 169.40) 253.95 (158.80, 426.80) 41.05 (20.65, 73.23) 57.75 (31.10, 147.23) 0.000

Ca
Preop 2.72 ± 0.30 2.75 ± 0.24 2.62 ± 0.37 2.74 ± 0.29 0.198
12.m 2.26 ± 0.31 2.43 ± 0.28 2.00 ± 0.14 2.27 ± 0.31 0.000

P
Preop 2.23 ± 0.49 2.22 ± 0.49 2.14 ± 0.49 2.26 ± 0.49 0.507
12.m 1.50 ± 0.33 1.64 ± 0.40 1.33 ± 0.20 1.49 ± 0.32 0.003

ALP
Preop 324.50 (161.75, 612.50) 294.50 (130.25, 746.00) 400.00 (126.50, 919.50) 342.50 (173.50, 558.00) 0.529
12.m 99.00 (69.75, 136.75) 101.00 (63.25, 185.00) 125.50 (79.00, 172.75) 92.50 (69.00, 126.00) 0.176

ANOVA: analysis of variance; S-PTX: subtotal parathyroidectomy; T-PTX: total parathyroidectomy; PTXþAT: total parathyroidectomy plus autologous trans-
plantation; iPTH: intact parathyroid hormone; ALP: alkaline phosphatase; Ca: serum calcium; P: serum phosphorus.
Data are presented as the means ± SD or medians and interquartile intervals (25th–75th). A probability value of p< 0.001 was considered to be statistic-
ally significant.
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recommended iPTH values after parathyroidectomy,
long-term mortality was shown to be lower in patients
after surgical treatment compared with dialysis patients
receiving only medical treatment [28]. Our study supports
that PTX surgery is a safe and effective therapeutic
method to reduce the level of iPTH and improve the
metabolism of calcium and phosphorus in SHPT that is
resistant to medical treatment [29].

It has been reported that bone alkaline phosphatase
(BALP) is produced by osteoblasts during the process of
bone formation and has been used as a serum marker of
bone formation [30]. Unfortunately, our hospital does
not routinely perform these examinations. However, in
uremic patients, the use of serum total ALP, instead of
BALP, to monitor bone metabolism is feasible [31]. Our
study found that serum ALP increased significantly at
one week after parathyroidectomy, decreased slowly at
the third postoperative month, and gradually reached
the normal range after 1 year of follow-up. Studies
showed BALP levels were negatively correlated with
BMD values and the decrease of BALP may contribute to
the increase of bone mineral density and the reduction
of fracture risk [32,33]. One large cohort study by
Maruyama Y et al. [34] demonstrated that higher serum
ALP levels were independently associated not only with
mortality but also with the incidence of hip fracture in
hemodialysis patients. Therefore, strict control of ALP
level through PTX has certain clinical significance for
increasing bone mineral density, reducing fracture risk,
and improving long-term prognosis [35,36].

Pruritus and bone pain, as common clinical symp-
toms of uremic patients with secondary hyperparathyr-
oidism, not only present considerable burden to
patients by seriously reducing their quality of life but
also increase the risk of skin ulceration and infection
caused by scratching. The pathophysiology of uremic
pruritus is not clearly understood. Based on evidence
from observational studies, the factors affecting postop-
erative pruritus seem to be related to disturbance of
calcium and phosphorus metabolism [37,38]. Others
have found that iPTH was independently associated
with the development of severe uremic pruritus [39].
Decreased bone mineral density in patients with sec-
ondary hyperparathyroidism is mainly caused by high
bone turnover secondary to high levels of circulating
PTH [40]. In this process, bone loss is mainly manifested
in progressive cortical thinning because of increased
bone resorption at the endocortical surface and miner-
alized bone-like substance formed on the surface of the
cortex due to mineralization defects. In severe cases, it
is characterized by bone pain and fracture [41,42]. We
found that PTX can significantly improve those two

clinical symptoms in approximately 1 month after oper-
ation, which is closely related to the improvement of
calcium and phosphorus metabolism and the reduction
of the level of iPTH after parathyroidectomy [43].

The optimal surgical treatment of secondary hyper-
parathyroidism has not been clearly defined [15]. There
have been many studies on the three surgical methods
in the past, but the statistics of laboratory indicators
reaching the recommended range of KDIGO guidelines
are very rare. Consistent with previous study, our study
found that all three surgical approaches can control
refractory SHPT [44]. As previous studies have shown, S-
PTX seems to be able to control SHPT well with fewer
complications [45,46]. Our study showed that iPTH and
calcium levels reaching the recommended range at a
higher rate in the S-PTX group than in the other two
groups. However, higher iPTH level also increased the
recurrence rate [47]. Although T-PTX can reduce the
recurrence rate, the lower level of iPTH may lead to
hypoparathyroidism [48]. Some studies recommend
PTXþAT as a surgical treatment for SHPT [49,50].
Because of sample size of our research subjects, it is not
yet possible to draw the conclusion of which surgical
method is the best. But we hope to provide some mea-
ger reference for the progress of this research.

However, the present study had some limitations.
First, this study was a retrospective study at a single
center. Second, the follow-up time was not long
enough, and some patients were lost to follow-up. This
limitation may have led to some bias in the results, and
follow-up efforts need to be further improved. Finally,
although the baseline characteristics of our patients
were not compared with those of the Global French
National Registry (REIN), the data of our center can pro-
vide some reference value for clinicians.

In conclusion, the majority of patients who under-
went parathyroidectomy were able to reach the range
of calcium and phosphorus recommended by the
KDIGO guidelines, while approximately 34.9% of the
patients reached the range of iPTH. PTX was able to sig-
nificantly reduce the levels of iPTH and ALP, correct the
disorder of calcium and phosphorus metabolism, and
improve the clinical manifestations of pruritus and
bone pain in uremic patients with SHPT. The three sur-
gical methods have their own advantages and disad-
vantages, which need to be further explored by multi-
center and large sample studies.

Acknowledgements

The authors wish to thank Guoqin Jiang, Yanlin Wu, and Bin
Wu for expert assistance in surgery.

RENAL FAILURE 927



Ethical statement

The study protocol was approved by the Ethics Committee
of the Second Affiliated Hospital of Soochow University.
Ethic committee’s Approval Number is JD-LK-2019–011-02.
Due to the retrospective nature of the study, informed writ-
ten consent was waived. All patients’ information was confi-
dential, and data were analyzed anonymously. This study
was conducted in accordance with the Declaration
of Helsinki.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by grants from the National Nature
Science Foundation of China (81400762), and the Science
and Technology Project of Suzhou, Jiangsu Province,
China (SYS201469).

ORCID

Yi Zhang http://orcid.org/0000-0002-9849-8761

References

[1] Fraser WD. Hyperparathyroidism. Lancet. 2009;
374(9684):145–158.

[2] Block G, Klassen P, Lazarus J, et al. Mineral metabol-
ism, mortality, and morbidity in maintenance hemodi-
alysis. J Am Soc Nephrol. 2004;15(8):2208–2218.

[3] Kalantar-Zadeh K, Kuwae N, Regidor D, et al. Survival
predictability of time-varying indicators of bone dis-
ease in maintenance hemodialysis patients. Kidney Int.
2006;70(4):771–780.

[4] Komaba H, Nakamura M, Fukagawa M. Resurgence of
parathyroidectomy: evidence and outcomes. Curr
Opin Nephrol Hypertens. 2017;26(4):243–249.

[5] Komaba H, Fukagawa M. Secondary hyperparathyroid-
ism and protein-energy wasting in end-stage renal
disease. Ther Apher Dial. 2018;22(3):246–250.

[6] Komaba H, Taniguchi M, Wada A, et al.
Parathyroidectomy and survival among Japanese
hemodialysis patients with secondary hyperparathyr-
oidism. Kidney Int. 2015;88(2):350–359.

[7] Portillo MR, Rodriguez-Ortiz ME. Secondary hyperpar-
thyroidism: pathogenesis, diagnosis, preventive and
therapeutic strategies. Rev Endocr Metab Disord.
2017;18(1):79–95.

[8] Fukuda N, Tanaka H, Tominaga Y, et al. Decreased
1,25-dihydroxyvitamin D3 receptor density is associ-
ated with a more severe form of parathyroid hyper-
plasia in chronic uremic patients. J Clin Invest. 1993;
92(3):1436–1443.

[9] Kifor O, Moore F, Wang P, et al. Reduced immunos-
taining for the extracellular Ca2þ-sensing receptor in

primary and uremic secondary hyperparathyroidism. J
Clin Endocrinol Metab. 1996;81(4):1598–1606.

[10] Lim C, Kalaiselvam T, Kitan N, et al. Clinical course
after parathyroidectomy in adults with end-stage renal
disease on maintenance dialysis. Clin Kidney J. 2018;
11(2):265–269.

[11] Dussol B, Morand P, Martinat C, et al. Influence of par-
athyroidectomy on mortality in hemodialysis patients:
a prospective observational study. Ren Fail. 2007;
29(5):579–586.

[12] Assumpcao LR, de Paula Ramos I, Nunes da Cunha G,
et al. Refractory secondary hyperparathyroidism in
waiting list for parathyroidectomy: who we should
operate first in a quaternary hospital in Brazil regard-
ing survival. Ren Fail. 2019;41(1):183–189.

[13] van der Plas WY, Dulfer RR, Koh EY, et al. Safety and
efficacy of subtotal or total parathyroidectomy for
patients with secondary or tertiary hyperparathyroid-
ism in four academic centers in the Netherlands.
Langenbecks Arch Surg. 2018;403(8):999–1005.

[14] Liang Y, Sun Y, Ren L, et al. Short-term efficacy of sur-
gical treatment of secondary hyperparathyroidism. Eur
Rev Med Pharmacol Sci. 2015;19(20):3904–3909.

[15] Kuo LE, Wachtel H, Karakousis G, et al.
Parathyroidectomy in dialysis patients. J Surg Res.
2014;190(2):554–558.

[16] Kidney Disease: Improving Global Outcomes (KDIGO)
CKD-MBD Work Group. KDIGO clinical practice guide-
line for the diagnosis, evaluation, prevention, and
treatment of Chronic Kidney Disease-Mineral and
Bone Disorder (CKD-MBD). Kidney Int Suppl. 2009;
(113):S1–S130.

[17] Burton J, Goldsmith D, Ruddock N, et al. Renal associ-
ation commentary on the KDIGO (2017) clinical prac-
tice guideline update for the diagnosis, evaluation,
prevention, and treatment of CKD-MBD. BMC Nephrol.
2018;19(1):240.

[18] Freriks K, Hermus AR, de S�evaux RG, et al. Usefulness
of intraoperative parathyroid hormone measurements
in patients with renal hyperparathyroidism. Head
Neck. 2010;32(10):1328–1335.

[19] Kang B, Hwang S, Kim J, et al. Predicting postopera-
tive total calcium requirements after parathyroidec-
tomy in secondary hyperparathyroidism. Korean J
Intern Med. 2015;30(6):856–864.

[20] Feng J, Zhou Q, Chen J, et al. Therapeutic evaluation
of surgical procedure in treatment of secondary
hyperparathyroidism. Zhonghua Er Bi Yan Hou Tou
Jing Wai Ke Za Zhi. 2015;50(8):661–667.

[21] Chou FF, Chi SY, Hsieh KC. Hypoparathyroidism after
total parathyroidectomy plus subcutaneous autotrans-
plantation for secondary hyperparathyroidism–any
side effects? World J Surg. 2010;34(10):2350–2354.

[22] Mermel L, Allon M, Bouza E, et al. Clinical practice
guidelines for the diagnosis and management of
intravascular catheter-related infection: 2009 Update
by the Infectious Diseases Society of America. Clin
Infect Dis. 2009;49(1):1–45.

[23] Hajjej Z, Nasri M, Sellami W, et al. Incidence, risk fac-
tors and microbiology of central vascular catheter-
related bloodstream infection in an intensive care
unit. J Infect Chemother. 2014;20(3):163–168.

928 Y. ZHANG ET AL.



[24] Youn S, Lee J, Kim Y, et al. Central venous catheter-
related infection in severe trauma patients. World J
Surg. 2015;39(10):2400–2406.

[25] Wan J, Li W, Zhong Y, et al. Parathyroidectomy
decreases serum intact parathyroid hormone and cal-
cium levels and prolongs overall survival in elderly
hemodialysis patients with severe secondary hyper-
parathyroidism. J Clin Lab Anal. 2018;33:e22696.

[26] Fouque D, Roth H, Darne B, et al. Achievement of kid-
ney disease: improving global outcomes mineral and
bone targets between 2010 and 2014 in incident dia-
lysis patients in France: the Photo-Graphe3 study. Clin
Kidney J. 2018;11(1):73–79.

[27] Kovacevic B, Ignjatovic M, Zivaljevic V, et al.
Parathyroidectomy for the attainment of NKF-K/
DOQITM and KDIGO recommended values for bone
and mineral metabolism in dialysis patients with
uncontrollable secondary hyperparathyroidism.
Langenbecks Arch Surg. 2012;397(3):413–420.

[28] Kestenbaum B, Andress D, Schwartz S, et al. Survival
following parathyroidectomy among United States
dialysis patients. Kidney Int. 2004;66(5):2010–2016.

[29] Neves M, Rocha L, Cervantes O, et al. Initial surgical
results of 500 parathyroidectomies for hyperparathyr-
oidism related to chronic kidney disease—mineral and
bone disorder. J Bras Nefrol. 2018;40(4):319–325.

[30] Krintus M, Pater A, Sypniewska G, et al. New biochem-
ical serum markers of boneturnover in renal osteodys-
trophy. EJIFCC. 2004;15(2):23–28.

[31] Magnusson P, Sharp C, Magnusson M, et al. Effect of
chronic renal failure on bone turnover and bone alka-
line phosphatase isoforms. Kidney Int. 2001;60(1):
257–265.

[32] Zhao D, Wang J, Liu Y, et al. Expressions and clinical
significance of serum bone Gla-protein, bone alkaline
phosphatase and C-terminal telopeptide of type I col-
lagen in bone metabolism of patients with osteopor-
osis. Pak J Med Sci. 2015;31(1):91–94.

[33] Zhang M, Li Y, Ma Q, et al. Relevance of parathyroid
hormone (PTH), vitamin 25(OH)D3, calcitonin (CT),
bone metabolic markers, and bone mass density
(BMD) in 860 female cases. Clin Exp Obstet Gynecol.
2015;42(2):129–132.

[34] Maruyama Y, Taniguchi M, Kazama J, et al. A higher
serum alkaline phosphatase is associated with the
incidence of hip fracture and mortality among
patients receiving hemodialysis in Japan. Nephrol Dial
Transplant. 2014;29(8):1532–1538.

[35] Lu K, Ma W, Yu J, et al. Bone turnover markers predict
changes in bone mineral density after parathyroidec-
tomy in patients with renal hyperparathyroidism. Clin
Endocrinol. 2012;76(5):634–642.

[36] Fang L, Wu J, Luo J, et al. Changes in bone mineral
density after total parathyroidectomy without auto-
transplantation in the end-stage renal disease patients
with secondary hyperparathyroidism. BMC Nephrol.
2018;19(1):142.

[37] Tajbakhsh R, Joshaghani H, Bayzayi F, et al. Association
between pruritus and serum concentrations of

parathormone, calcium and phosphorus in hemodialysis
patients. Saudi J Kidney Dis Transpl. 2013;24(4):702–706.

[38] Chou F, Ho J, Huang S, et al. A study on pruritus after
parathyroidectomy for secondary hyperparathyroid-
ism. J Am Coll Surg. 2000;190(1):65–70.

[39] Narita I, Alchi B, Omori K, et al. Etiology and prognos-
tic significance of severe uremic pruritus in chronic
hemodialysis patients. Kidney Int. 2006;69(9):
1626–1632.

[40] Saliba W, El-Haddad B. Secondary hyperparathyroid-
ism: pathophysiology and treatment. J Am Board Fam
Med. 2009;22(5):574–581.

[41] Rix M, Andreassen H, Eskildsen P, et al. Bone mineral
density and biochemical markers of bone turnover in
patients with predialysis chronic renal failure. Kidney
Int. 1999;56(3):1084–1093.

[42] Yajima A, Inaba M, Tominaga Y, et al. Minimodeling
reduces the rate of cortical bone loss in patients with
secondary hyperparathyroidism. Am J Kidney Dis.
2007;49(3):440–451.

[43] Lau W, Obi Y, Kalantar-Zadeh K. Parathyroidectomy in
the management of secondary hyperparathyroidism.
Clin J Am Soc Nephrol. 2018;13(6):952–961.

[44] Filho WA, van der Plas WY, Brescia MDG, et al. Quality
of life after surgery in secondary hyperparathyroidism,
comparing subtotal parathyroidectomy with total par-
athyroidectomy with immediate parathyroid autograft:
prospective randomized trial. Surgery. 2018;164(5):
978–985.

[45] Veyrat M, Fessi H, Haymann JP, et al. Conservative
three-quarter versus subtotal seven-eighths parathyr-
oidectomy in secondary hyperparathyroidism. Eur Ann
Otorhinolaryngol Head Neck Dis. 2019;136(2):63–68.

[46] Fulop T, Koch CA, Farah Musa AR, et al. Targeted sur-
gical parathyroidectomy in end-stage renal disease
patients and long-term metabolic control: a single-
center experience in the current era. Hemodial Int.
2018;22(3):394–404.

[47] Schlosser K, Veit JA, Witte S, et al. Comparison of total
parathyroidectomy without autotransplantation and
without thymectomy versus total parathyroidectomy
with autotransplantation and with thymectomy for
secondary hyperparathyroidism: TOPAR PILOT-Trial.
Trials. 2007;8:22.

[48] Gasparri G, Camandona M, Abbona GC, et al.
Secondary and tertiary hyperparathyroidism: causes of
recurrent disease after 446 parathyroidectomies. Ann
Surg. 2001;233(1):65–69.

[49] Sun Y, Cai H, Bai J, et al. Endoscopic total parathyroi-
dectomy and partial parathyroid tissue autotransplant-
ation for patients with secondary hyperparathyroidism:
a new surgical approach. World J Surg. 2009;33(8):
1674–1679.

[50] Li JG, Xiao ZS, Hu XJ, et al. Total parathyroidectomy
with forearm auto-transplantation improves the qual-
ity of life and reduces the recurrence of secondary
hyperparathyroidism in chronic kidney disease
patients. Medicine. 2017;96(49):e9050.

RENAL FAILURE 929


	Abstract
	Introduction
	Materials and methods
	Inclusion criteria
	Exclusion criteria
	Surgery indications
	Surgical technique
	Data collection
	Statistical analysis

	Results
	Baseline characteristics
	Surgical results
	Differences in laboratory indicators and rate of reaching KDIGO recommended range (according to the follow-up time)
	Improvement of clinical symptoms (according to the follow-up time)
	Differences in laboratory indicators and rate of reaching KDIGO recommended range (according to the operative methods)

	Discussion
	Acknowledgements
	Ethical statement
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


