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Background: This study aimed to investigate the clinical efficacy of two surgical methods on 
hyperparathyroidism secondary to uremia and summarize the advantages and disadvantages of both methods.
Methods: Uremic patients who received parathyroidectomy (PTX) in the last 3 years were divided into 
two groups according to the surgical methods used [subtotal parathyroidectomy (SPTX) group and total 
parathyroidectomy + autologous implantation (TPTX + AT) group]. TPTX was performed if less than 4 
glands were found during surgery. The changes of various indexes after operation, and calculate the success 
rate and recurrence rate of patients were observed. The serum biochemical parameters were routinely 
monitored, the success rate, postoperative complications and recurrence were recorded. The patients were 
followed up.
Results: There were 20 patients in the SPTX group and 12 in the TPTX + AT group. The success rate 
of surgery was 85% and 91.7% in the SPTX group and TPTX + AT group, respectively, among 32 patients 
included for final analysis. The mean PTH and postoperative ALP in the TPTX + AT group were slightly 
lower than in the SPTX group, except for the PTH levels at 6 months after surgery (P<0.05). The incidence 
of postoperative hypocalcemia was 100% in both groups. The incidence of wound infection in the two 
groups was 0% and 16.7% in the SPTX group and TPTX + AT group, respectively. The mean calcium 
supplementation in the TPTX + AT group was significantly more than in the SPTX group within 1 year 
after surgery. The mean postoperative bone mineral density in the SPTX group was significantly higher 
than in the TPTX + AT group. The time to postoperative remission of bone pain and muscle weakness was 
markedly shorter in the SPTX group than in the TPTX + AT group. The post-operative quality of life (QOL) 
in the SPTX group was significantly better than in the TPTX + AT group. 
Conclusions: These findings suggest that SPTX achieves a better short-term efficacy, but TPTX + AT has 
a better long-term efficacy. Therefore, the selection of surgical method for PTX may be based on the age, 
estimated survival time and possibility of kidney transplantation.
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Introduction

With the improvement of renal replacement technology 
and medical security system in China, the life expectancy of 
patients receiving maintenance dialysis has been significantly 
prolonged, but the incidence of complications caused by 
dialysis has also increased. Secondary hyperparathyroidism 
(SHPT) is one of the serious complications caused by 
calcium and phosphorus metabolism disturbance secondary 
to long-term hypocalcemia hemodialysis or peritoneal 
dialysis in patients with chronic renal failure (CRF) (1). 
If left untreated, it will increase the risk for calcification, 
abnormal bone morphology,  ectopic calcif ication 
and cardiovascular events, which seriously affect the 
patient’s quality of life (QOL) and survival time (2). 
Parathyroidectomy (PTX) can be performed via three main 
surgical procedures: subtotal parathyroidectomy (SPTX), 
total parathyroidectomy + autologous implantation (TPTX 
+ AT) and TPTX (3). The first two are mainstream surgical 
methods, but there is no consensus on one is better over 
another (4). Currently, surgeons often select the surgical 
method mainly based on their judgement and preference.

This study aimed to investigate the therapeutic efficacy 
of two surgical methods on the HPT secondary to uraemia. 

Methods 

Patients 

Patients who received PTX between May 2015 and May 
2018 (n=38) were included into present study. Patients were 
divided into two groups according to the surgical methods 
used: 22 patients received SPTX (SPTX group) and 16 
patients underwent TPTX + AT (TPTX + AT group).

Surgical methods 

In these patients, SPTX or TPTX + AT was performed. 
If the number of parathyroid glands was smaller than 4, 
TPTX was employed. 

SPTX: Three semi parathyroid glands are removed, and 
the smallest parathyroid gland is selected to retain half, 
about 30~60 mg. If the parathyroid glands in the lower 
thyroid gland are smaller and softer, try to keep them in 
place. The remaining half of the parathyroid glands need 
to be carefully separated when removing the other half, to 
protect the blood supply, and a metal clip can be placed on 
the reserved side glands to facilitate identification during 
future surgery.

TPTX + AT: select the smallest, relatively normal-
looking parathyroid glands or tissues that have been 
diffusely hyperplasia confirmed by rapid freezing pathology. 
Cut about 0.5 cm3 from parathyroid gland, and store it 
in frozen Ringer’s solution or saline. After resection of 
all parathyroid glands, the gland to be transplanted are 
cut into small pieces of 1 mm × 1 mm × 1 mm and about  
20–30 copies. Implant them in the forearm muscles on the 
non-dialysis fistula side of the patient. The muscle fascia 
at the transplantation site is sutured with a non-absorbable 
surgical thread as a marker for reoperation.

TPTX: completely remove all parathyroid glands 
detected during the operation.

Intraoperative PTH was used in SPTX. We conclude 
that the range of PTH reduction from 70% to 90% after 
10 to 20 minutes of glandular resection can be considered 
as a sign that the surgery has achieved expectations. The 
surgeries of these 32 patients were performed by a surgeon.

Observations 

The PTH, ALP, calcium, phosphorus and bone mineral 
density (BMD) were recorded before and after surgery. The 
success rate of surgery and recurrence rate were calculated. 
The post-operative complications (hypocalcemia, recurrent 
laryngeal nerve injury and wound infection) were recorded. 
Patients were followed up, and the PTH, ALP, BMD and 
clinical symptoms were monitored. The post-operative 
calcium supplement was calculated as follow: calcium 
supplement (mg) = 90 mg × volume of intravenous calcium 
gluconate × 10% + amount of calcium per tablet (mg) × 
number of tablets ×40%. The mean calcium supplement 
was calculated as follow: mean = total calcium supplement 
(mg)/days/body weight (kg). The above parameters were 
compared between two groups. The timepoint for all 
follow-up patients was 1 year.

According to the KDOQI clinical guidelines, the success 
of surgery is defined as: blood calcium levels continue 
to maintain normal levels for 6 months or more after 
surgery, and PTH <300 pg/dL, and/or clinical symptoms 
are reduced. Surgery failure is defined as: serum calcium 
level rises above the normal reference range within 
six months after surgery, or PTH fails to fall by more 
than 50% or PTH persists >800 pg/dL after surgery 
Hyperparathyroidism).

The latest definition of recurrence of hyperparathyroidism 
is more than 6 months after successful PTX, with serum 
calcium above the normal reference range, elevated PTH 
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levels, and / or reoperation with typical clinical symptoms.
Postoperative hypocalcemia is defined as: when the 

serum protein concentration is normal postoperatively, 
the blood calcium is below 2.2 mmol/L. The main 
manifestation of incision infection is redness, swelling 
and pain. The definitions that need to be supplemented 
have been basically supplemented. Bone mineral density is 
measured by dual-energy X-ray bone density measurement 
(average of left femoral neck, Wards triangle, and 
trochanter). Postoperative QOL analysis was based on  
12 aspects of appetite, mental, sleep, fatigue, pain and so on. 
The full score is 60 points, divided into 5 grades.

Statistical analysis

Statistical analysis was performed with SPSS version 
19.0. Data with normal distribution are expressed as 
mean ± standard deviation (SD) and those with abnormal 
distribution as median (interquartile range). Data 
with normal distribution were compared with t test or 
analysis of variance; data with abnormal distribution with 
nonparametric rank sum test. Correlation analysis was done 
for a part of data, and correlation coefficient was calculated. 
A value of two tailed P<0.05 was considered statistically 
significant. 

Results 

Of these patients, 23 were diagnosed with chronic 
glomerulonephritis (60.5%), 4 with hypertensive renal 
cirrhosis (10.5%), 4 with diabetic nephropathy (10.5%), 3 
with chronic pyelonephritis (7.9%) and 1 with polycystic 
kidney (2.6%), but the cause was unknown in 3 patients 

(7.9%). In the SPTX group, there were 8 males and 14 females, 
the mean age was 50.55±7.82 years, the duration of dialysis 
was 107.95±45.12 months, 21 received hemodialysis and 1 
underwent peritoneal dialysis. In the TPTX + AT group, there 
were 7 males and 9 females, the mean age was 48.44±8.51 years,  
the duration of dialysis was 104.13±52.25 months,  
and all the patients received hemodialysis. Among 38 
patients, 20 received SPTX (52.6%) and 12 underwent 
TPTX + AT (31.6%); 6 patients received TPTX (15.8%), 
2 from SPTX group and 4 from TPTX + AT group. In the 
final analysis, 32 patients were included. The incidence of 
hypocalcemia was 100% in both groups. The incidence of 
wound infection was 0 and 16.7% (2/12) in the SPTX group 
and TPTX + AT group, respectively. The infection incisions 
in the two patients were both in the forearm. Recurrent 
laryngeal nerve injury was not observed in both groups. The 
success rate was 85.0% (17/20) and 91.7% (11/12) in the 
SPTX group and TPTX + AT group, respectively. None 
had recurrence within 1 year after surgery (Table 1). 

The serum PTH level was comparable between two 
groups before, during and after surgery (P>0.05). The serum 
PTH level was the lowest at 1–7 days after surgery (Table 2).  
The serum ALP level was comparable between two 
groups before, during and after surgery (P>0.05) (Table 3).  
The BMD was similar between two groups before surgery. 
At 3 months and 1 year after surgery, the BMD in the 
SPTX group was significantly higher than in the TPTX + 
AT group (P=0.03 and 0.000, respectively) (Table 4). 

The mean post-operative daily calcium supplement was 
15.41±5.79 mg/kg in the SPTX group and 27.57±11.48 mg/kg  
in the TPTX + AT group, showing significant difference 
(P<0.05) (Table 1). The mean time to remission of post-
operative bone pain and muscle weakness was 15.71±8.51 days  

Table 1 Comparison of factors between the two groups

Item SPTX group TPTX + AT group P

Surgical success rare (%) 85.0 91.7 0.261

Recurrence rata 1 year postop (%) 0 0 0.368

Incidence of laryngeal nerve injury (%) 0 0 0.368

Incidence of wound infection (%) 0 16.7 0.261

Surgical duration (h) 2.55±1.13 1.74±0.76 0.024

Incidence of hypocalcemia (%) 100 100 0.368

Mean time to remission of postop bone pain and muscle weakness (d) 15.71±8.51 41.27±29.25 0.002

Postop daily calcium supplement (mg/kg) 15.41±5.79 27.57±11.48 0.001

SPTX, subtotal parathyroidectomy; TPTX, total parathyroidectomy; AT, autologous implantation.
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in the SPTX group and 41.27±29.25 days in the TPTX + 
AT group, showing marked difference (Table 1). 

The pre-operative QOL score was 39.88±7.17 in the 
SPTX group and 36.00±7.80 in the TPTX + AT group, 
showing no marked difference, but the post-operative QOL 
in the SPTX group (47.35±7.85) was better than in the 
TPTX + AT group (37.82±8.15) (P=0.005; Table 5). 

No patients were lost to follow-up. However, some 
indicators were lost due to failure to detect in time.

Discussion

Renal hyperparathyroidism is a type of SHPT. Levin  
et al. (5) found PTH began to increase when the glomerular 
filtration rate (GFR) was lower than 60 mL/min. The serum 
PTH increases as a response, aiming to maintain the mineral 
metabolism balance until the GFR was lower than 40 mL/min  
resulting in mineral metabolism imbalance (6). Under this 
condition, phosphorus-restricted diet, phosphorus chelating 

Table 2 PTH changes in two groups (pg/mL)

Item Total SPTX group TPTX + AT group P

Preop 2,153.98±889.76 2,390.77±891.67 1,788.02±789.15 0.08

Intraop 205.80±110.13 230.75±120.09 167.23±85.53 0.139

Intraop decline 1,948.15±826.98 2,160.02±828.56 1,620.72±744.23 0.092

1 day postop 47.90±37.82 61.67±49.19 26.61±18.38 0.119

3 days postop 46.34±31.61 57.73±44.26 23.57±17.30 0.28

1 week postop 56.12±40.38 78.46±68.04 18.15±17.38 0.094

1 month postop 44.46±39.12 55.61±49.18 28.36±24.21 0.208

3 months postop 46.39±39.67 62.98±59.97 22.70±8.50 0.101

6 months postop 55.93±32.94 73.14±33.19 32.98±5.36 0.017

1 year postop 79.98±27.33 85.22±29.52 56.73±16.88 0.067

SPTX, subtotal parathyroidectomy; TPTX, total parathyroidectomy; AT, autologous implantation.

Table 3 ALP changes in two groups (U/L)

Item SPTX group TPTX + AT group P

Preop 826.9±553.8 562.1±346.4 0.239

1 week postop 1,197.0±527.5 852.75±456.8 0.989

1 month postop 830.50±412.8 812.6±526.7 0.687

6 months postop 459.78±204.1 377.0±227.0 0.88

1 year postop 258.89±103.53 199.17±63.61 0.589

SPTX, subtotal parathyroidectomy; TPTX, total parathyroidectomy; AT, autologous implantation.

Table 4 Bone density changes in two groups

Item SPTX group TPTX + AT group P

Preop −0.728±0.0.594 −0.663±0.445 0.759

3 months postop −0.309±0.252 −0.556±0.340 0.030

1 year postop −0.121±0.111 −0.442±0.274 0.000

SPTX, subtotal parathyroidectomy; TPTX, total parathyroidectomy; AT, autologous implantation.
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agent, calcium agent and active vitamin D are needed. The 
phosphorus-restricted diet is helpful for the control of 
blood phosphorus. The supplementation with active vitamin 
D can improve the deficiency of endogenous vitamin D and 
inhibit the synthesis and secretion of PTH. Calcium agent 
can increase the serum calcium and reduce the absorption 
of phosphorus in the intestine. As the disease progresses, 
the parathyroid glands progress from diffuse hyperplasia 
to nodular hyperplasia. The calcium receptors and vitamin 
D receptors in the parathyroid cells decrease, leading to 
the drug resistance, and PTH is synthesized and secreted 
autonomically. Under this condition, surgery is required to 
solve this problem (7).

The resection of parathyroid gland can be performed 
with different methods, including SPTX, TPTX + AT and 
TPTX alone. SHPT is often managed by using SPTX or 
TPTX + AT. 

Neagoe et al. (8) conducted a randomized study in which 
the PTX was compared with TPTX + AT. They failed to find 
the significant differences in the efficacy and post-operative 
recurrence. Thus, the selection of surgical methods is mainly 
dependent on the surgeon’s preference (9-12). 

In the present study, our results showed SPTX had 
a lower success rate as compared to TPTX + AT, which 
might be ascribed to the difficulty in the determination 
and standardization of the weight of residual parathyroid 
gland and the possibility of residual nodular adenomatous 
hyperplasia. 

SPTX is a relatively old surgical method, in which the 
parathyroid gland weighing 40–50 mg is preserved (13), but 
this method has been criticized by some experts due to the 
high recurrence rate (14). In recent years, some studies have 
reported that the efficacy of removal of 3 parathyroid glands 
plus 3/4–7/8 of remaining parathyroid gland is superior to 
that of traditional method (15). There is still no consensus 
on this issue in China, and the size of residual parathyroid 
gland ranges from 1/8 to 1/2 of the smallest parathyroid 
gland (16). Some clinicians even propose the resection of 3 
or less parathyroid glands because not all the parathyroid 
glands are identified during surgery or this is their own 

preference. Studies have compared the efficacy between 
less-than subtotal resection (removal of no more than 3 
parathyroid glands) and subtotal resection, and results 
reveal less-than subtotal resection significantly increases the 
risk for recurrence and persistent hyperparathyroidism (17). 

Richards et al. (11) conducted a meta analysis on 53 
studies which were published between 1983 and 2004 and 
investigated the surgical management of SHPT. Their 
results showed 501 patients received a second surgery due 
to recurrence or persistent hyperparathyroidism, of whom 
42.5% received SPTX and 34% underwent TPTX + AT on 
first treatment. 

It has been reported that the long term recurrence rate is 
21.4% and 32.1% after SPTX and TPTX + AT, respectively 
(2,12). In the present study, the recurrence rate was similar 
between two groups. 

In our study, recurrent laryngeal nerve injury was not 
observed in both groups. The lower parathyroid gland 
is close to the recurrent laryngeal nerve at the level of 
laryngeal entrance, and surgery has the risk for recurrent 
laryngeal nerve injury. Generally, it may be avoided for 
experienced surgeons. It has been reported that a second 
exploration has a higher risk for recurrent laryngeal 
nerve injury as compared to the first surgery (18), and 
theoretically, the risk for recurrent laryngeal nerve injury 
in SPTX is higher than that in TPTX + AT. In the surgery, 
the residual parathyroid glands can be marked with titanium 
clips, which is helpful for the identification of residual 
parathyroid glands and also avoids the recurrent laryngeal 
nerve injury in the second surgery. 

The incidence of wound infection in the SPTX group 
was lower than in the TPTX + AT group because patients 
receiving TPTX +AT experienced forearm skin and 
sarcolemma incision, resulting in a higher incidence of 
wound infection. In the present study, forearm incision was 
made in all the patients. 

Time of surgery: In the TPTX + AT, MIBI technique 
is employed, which may significantly shorten the time of 
surgical exploration. Although the MIBI has a favorable 
qualitative determination (with or without residual 

Table 5 QOL changes in two groups

Item SPTX group TPTX + AT group P

Preop 39.887.17 36.007.80 0.188

1 year postop 47.357.85 37.828.15 0.005

QOL, quality of life; SPTX, subtotal parathyroidectomy; TPTX, total parathyroidectomy; AT, autologous implantation.
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parathyroid gland), the capability of localization of 
parathyroid gland is poor for MIBI. Thus, MIBI is not 
used in SPTX, and intra-operative rapid PTH detection 
is employed, which is time-consuming. During the SPTX 
operation, intraoperative PTH monitoring is performed. 
The intraoperative PTH reduction rate reached 70% 
to consider the operation to have the expected effect. If 
the intraoperative PTH reduction rate is less than 70%, 
the exploration is continued. If no ectopic parathyroid 
glands are detected, it should be considered to repeat the 
parathyroid gland lymphoid, adipose tissue, and thymus 
tongue resection.

The change in serum PTH suggested that both methods 
were effective to reduce serum PTH in SHPT patients, and 
PTH reached a lowest level at 1–7 days after surgery, which 
may be related to incomplete compensation of implanted 
parathyroid gland, the reduction of PTH higher than 
the production of PTH. Within 7 days after surgery, the 
endogenous PTH is exhausted and thus serum PTH reaches 
a lowest level. After 7 days, the implanted and/or residual 
parathyroid cells and parathyroid cells in the thymus may 
compensate the reduction of PTH, and thereafter serum 
PTH begins to increase. The change in serum PTH was 
similar in both groups, and there was no marked difference 
between groups at different time points. 

In addition, the serum ALP increased (but not 
decreased) within 1 week after surgery. The elevated ALP 
before surgery is mainly ascribed to the secreted ALP 
by osteoblasts, which may antagonize the PTH induced 
activation of osteoclasts. After surgery, the osteolysis effect 
disappears, and the activity of osteoblasts peaks within  
1 week after surgery. These osteoblasts secret a large 
amount of ALP, which promotes the deposition of calcium 
and phosphorus in the bone. Thus, the serum ALP within 
1 week after surgery was higher than that before surgery. 
At 1 week after surgery, the osteogenic effect is inhibited 
as a feedback due to the reduced activity of osteoblasts, and 
then ALP production reduces. No significant difference was 
observed at different time points after surgery. 

The BMD increased gradually after surgery. In the SPTX 
group, the BMD peaked within 3 months after surgery, 
which suggests early compensation of residual parathyroid 
gland. In the TPTX + AT group, the BMD peaked at  
3–6 months after surgery, which reflects the compensation 
of implanted parathyroid gland. Significant difference was 
found in the BMD between group after surgery. 

The hypocalcemia in the TPTX + AT group was 
more severe than in the SPTX group, but the duration 

of hypocalcemia in the SPTX group was shorter than in 
the TPTX + AT group, which was also confirmed by our 
previous study (19). The blood supply to the parathyroid 
gland is preserved in the SPTX and thus the residual 
parathyroid gland is easy to survive to compensate the 
reduction in serum calcium. Thus, the hypocalcemia 
is compromised. However, the survival of implanted 
parathyroid gland is hard to estimate in the TPTX + AT, 
and thus patients receiving TPTX + AT have a higher risk 
for permanent hypoparathyroidism as compared to those 
undergoing SPTX (20). 

In the SPTX group, the time to remission of bone pain 
and muscle weakness was significantly shorter than in the 
TPTX + AT group. 2 patients were unable to walk after 
surgery, which was still observed at 1 year after surgery. 
This might be ascribed to the destruction of trabecular 
bone due to long term hypocalcemia hemodialysis and 
hyperphosphatemia. Although the bone mineral content 
increases to a certain extent after surgery, it is hard to return 
to the normal level (21). 

Currently, the surgical method is determined based 
on the surgeon’s preference and the clinical condition of 
patients (possibility of renal transplantation, age, expected 
survival time, vascular compliance of medication and 
medical cost). Exploring and resecting all the parathyroid 
glands (including ectopic and excess glands) is important for 
the surgical success. 

For patients requiring long-term hemodialysis after 
parathyroid surgery, the risk of recurrence is not negligible 
(up to 20% after 10 years) (8). Relatively, removing 
residual parathyroid gland from the forearm is safer than  
re-exploring the neck. However, the implanted glands are 
easy to grow into muscle tissues, and thus they are not easily 
identified during re-operation. On the other hand, TPTX 
+ AT has a higher risk for permanent hypoparathyroidism 
than SPTX because the survival of the implanted 
parathyroid glands is difficult to estimate in TPTX + AT.

QOL scoring system can be used to comprehensively 
assess the QOL of patients. Our results showed the QOL 
within 1 year after SPTX was significantly better than that 
after TPTX + AT. 

On the basis of our findings, we speculate that SPTX 
may achieve a better short term efficacy, but patients 
receiving TPTX + AT may have a better long term 
effectiveness. We recommend TPTX + AT for patients who 
have no renal transplantation plan and will receive long 
term hemodialysis. For patients who will received renal 
transplantation, are old and have a poor compliance to long 
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term calcium supplement, SPTX is recommended. 
The biggest limitations of this study are the small sample 

size of our patients and the short follow-up time of our 
study. Therefore, some errors may be caused, leading to 
biased conclusions. Further expanding the sample size and 
increasing the follow-up time can increase the reliability 
of our conclusions. In addition, more detailed hierarchical 
research may reveal some new information.
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