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Objectives. The aim of this study was to evaluate the effectiveness of subtotal parathyroidectomy for patients with renal

hyperparathyroidism.

Methods. We studied 25 patients with renal hyperparathyroidism who underwent subtotal parathyroidectomy from Octo-
ber 2002 to October 2017. We analyzed serum intact parathyroid hormone (iPTH), calcium, and inorganic phospho-
rus levels before and at multiple time points following surgery, and evaluated the surgical outcomes and complica-

tions.

Results. Of the 25 patients, 13 (52%) were male and 12 (48%) were female, and the mean age was 53.4+9.3 years. The
mean duration of dialysis before parathyroidectomy was 156.8+79.5 months. Mean preoperative serum iPTH and
calcium levels were 1,199.0+571.3 pg/mL and 10.5+1.0 mg/dL, respectively. At 6 months postoperatively, the mean
iPTH and calcium levels decreased to 49.2+47.6 pg/mL (P<0.01) and 8.0+1.0 mg/dL (P<0.01), respectively. Recur-
rent hyperparathyroidism occurred in two patients: one subsequently underwent kidney transplantation and the oth-
er continued hemodialysis and maintained normal calcium levels. One patient developed postoperative permanent

hypoparathyroidism.

Conclusion. Subtotal parathyroidectomy is a safe and effective surgical treatment for renal hyperparathyroidism.
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INTRODUCTION

Secondary hyperparathyroidism is a state of overproduction of
parathyroid hormone (PTH), occurring secondary to a chronic
abnormal stimulus such as chronic kidney disease (CKD), long-
term lithium therapy, gastrointestinal absorption dysfunction
(e.g., celiac disease), vitamin D deficiency, liver diseases, and
pseudohypoparathyroidism [1-3].

Renal hyperparathyroidism (rHPT) is a complication of CKD,
and is characterized by elevated PTH levels secondary to de-
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rangements in the homeostasis of calcium, phosphate, and vita-
min D. Hyperphosphatemia, a decreased level of 1,25-dihy-
droxyvitamin D, and the resultant slight decrease in serum calci-
um levels are thought to be the main contributors to the patho-
genesis of rHPT. Diffuse hyperplasia occurs at the beginning of
this disease, but gradually this progresses into nodular hyperpla-
sia as the expression of calcium and vitamin D receptors de-
creases [3,4].

Surgical treatment of rHPT is preceded by medical treatment,
namely restriction of phosphorus intake and the use of dietary
calcium supplements, phosphorus binding agents, active vitamin
D, and calcimimetics, which maintains serum calcium and phos-
phorus levels within the normal ranges. Most patients respond
to medical treatment, but if this fails or symptoms such as osteo-
porosis or bone fracture persist, surgical treatment may be con-
sidered [1,5].

The three most common surgical procedures used for rHPT
are total parathyroidectomy alone, total parathyroidectomy
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Fig. 1. The surgical procedures of subtotal parathyroidectomy. (A) Identification of the bilateral four parathyroid glands before the resection
(white arrows). (B) Surgical view after subtotal parathyroidectomy, in which a small part of the left inferior parathyroid gland has been left in situ
(black arrow). (C) Surgical specimen from subtotal parathyroidectomy.

with autotransplantation, and subtotal parathyroidectomy [6].
However, there is controversy as to which procedure is the most
effective. Our current understanding of the best surgical ap-
proach for rHPT is limited by the small sample size of studies, a
lack of randomized controlled trials, and a lack of nationwide
data. The aim of this study was to evaluate the effectiveness of
subtotal parathyroidectomy in the surgical treatment of rHPT.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of
Hanyang University Guri Hospital (IRB No. 2018-06-016) and
was conducted in compliance with the principles of the Declara-
tion of Helsinki. We studied 25 patients with rHPT who under-
went subtotal parathyroidectomy between October 2002 and
October 2017. Patients with tertiary hyperparathyroidism were
excluded from the study. Surgical indications included patients
with persistent high serum levels of intact parathyroid hormone
(iPTH; usually >500 pg/mL) and hypercalcemia despite ade-
quate medical treatment and those with osteoporosis or subjective
symptoms such as bone and joint pain, arthralgia, and pruritus.
Serum iPTH, calcium, and inorganic phosphorus levels were
measured by radioimmunoassay preoperatively; immediately
after surgery; 1, 3, and 7 days postoperatively; 1, 3, and 6 months
postoperatively; and at 3-6-month intervals until the last follow-
up. Preoperative diagnostic imaging such as *™technetium-sesta-
mibi parathyroid scanning (*™Tc-sestamibi scanning), neck ul-
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= Optimal extent of parathyroidectomy for renal hyperparathy-
roidism remains controversial.

= We evaluated the efficacy of subtotal parathyroidectomy for
renal hyperparathyroidism.

= Surgical outcomes were successful in most patients with renal
hyperparathyroidism.

trasonography (US), and computed tomography (CT) was con-
ducted for evaluating the localization of the lesions.

Subtotal parathyroidectomy was performed by making a con-
ventional transcervical incision two finger’s breadth above the
sternal notch. Bilateral exploration was conducted to identify all
parathyroid glands before the resection of these glands. Subtotal
parathyroidectomy involved the resection of three and a half
parathyroid glands, leaving between 40 and 80 mg of the small-
est gland intact in its original anatomical location after marking
it with a metallic clip (Fig. 1).

In this study, persistent hyperparathyroidism was defined as
an iPTH level three times the upper normal limit (>195 pg/mL)
immediately following surgery. Recurrent hyperparathyroidism
was defined as an iPTH level three times the upper normal limit
(>195 pg/mL) 6 months postoperatively. Postoperative perma-
nent hypoparathyroidism was defined as an iPTH level lower
than the normal limit (<15 pg/mL) 6 months postoperatively.

Statistical analysis was carried out using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL, USA). Paired #-tests were used to analyze the
differences between the preoperative and postoperative values
of biochemical parameters. A P-value <0.05 was determined to
be statistically significant.

RESULTS

Of the 25 patients, 13 (52%) were male and 12 (48%) female,
and the mean age was 53.4+9.3 years. All patients had been re-
ceiving hemodialysis prior to surgery, and the mean duration of
pre-surgical hemodialysis was 156.8+79.5 months. Renal failure
was caused by hypertension in 11 patients (44 %), glomerulone-
phritis in six (24%), and polycystic kidney disease in two (8%).
Other causes such as diabetes mellitus, hydronephrosis, renal
cell carcinoma, and systemic lupus erythematosus were noted.
The cause of renal failure was unknown in two patients (Table 1).

The most frequent clinical manifestations noted were fatigue
(20%), pruritis (12%), diarrhea (8 %), arthritis (8%), and ab-
dominal pain (8%). Forty-four percent of patients were asymp-
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Table 1. Characteristics of patients with renal hyperparathyroidism

Variable Value (N=25)
Sex
Male 13 (52)
Female 12 (48)
Age (yr) 53.4+9.3
Cause of chronic kidney disease
Hypertension 11 (44)
Glomerulonephritis 6 (24)
Polycystic kidney disease 2(8)
Diabetes mellitus 1(4)
Hydronephrosis 1(4)
Renal cell carcinoma 1(4)
Systemic lupus erythematosus 1(4)
Unknown 2(8)
Symptom
Fatigue 5 (20)
Pruritus 3(12)
Diarrhea 2(8)
Arthritis 2(8)
Abdominal pain 2(8)
Asymptomatic 11 (44)
Stage of chronic kidney disease
Stage 5 25 (100)
Hemodialysis 25 (100)
Duration of dialysis (mo) 156.8+79.5
Pathology
Hyperplasia 25 (100)

Values are presented as number (%) or mean+standard deviation.

tomatic (Table 1). For preoperative localization of the lesions,
99mTc-sestamibi scanning was conducted in all patients (100%),
US in 23 (92%), and CT in 12 (48%). More than three abnormal
glands were identified in 69.5%, 50%, and 48% of patients us-
ing US, CT, and **Tc-sestamibi scanning, respectively. When a
combination of modalities was utilized, the identification rate of
abnormal parathyroid glands increased-more than three abnor
mal glands were identified in 91.7% of patients using a combi-
nation of *™Tc-sestamibi scanning, US, and CT (Table 2).

In terms of complications, no wound infections, hematomas
or recurrent laryngeal nerve palsies were observed. Histopatho-
logical results showed hyperplasia in all patients. Mean preoper-
ative serum iPTH, calcium, and inorganic phosphorus levels were
1,199.0£571.3 pg/mL (normal range, 15 to 65 pg/mL), 10.5+
1.0 mg/dL (normal range, 8.8 to 10.6 mg/dL), and 6.0+2.3 mg/dL
(normal range, 2.5 to 4.5 mg/dL), respectively. No patients ex-
hibited persistent disease immediately after surgery. Six months
postoperatively, mean serum iPTH and calcium levels decreased
significantly to 49.2+47.6 pg/mL (P<0.01) and 8.0+1.0 mg/dL
(P<0.01), respectively.

Recurrent hyperparathyroidism occurred in two patients who
exhibited serum iPTH levels of 210.8 and 251.7 pg/mL (Fig. 2).

Table 2. Imaging modalities utilized for the localization of renal hy-
perparathyroidism

No. of parathyroid glands identified (%)

Imaging modality

1 2 3 4
9Te-sestamibi (n=25) 8(32.0) 5(20.0) 6(24.0) 6(24.0)
US (n=23) 3(13.1) 4(17.4) 7(30.4) 9(39.1)
CT (n=12) 1(8.3) 5(41.7) 4(333) 2(16.7)
9mTe-sestamibi and US (n=23)  2(8.3) 4(20.8) 7(29.2) 10(41.7)
9mTe-sestamibi and CT (n=11) 0 2(16.6) 5(417) 4(41.7)
US and CT (n=11) 0  2(166) 4(333) 5(50.0)
“mTe-sestamibi, US and CT 0 1(8.3) 4(33.4) 7(58.3)

(n=12)

“mTe-sestamibi, ®Mechnetium-sestamibi parathyroid scan; US, ultraso-
nography; CT, computed tomography.

2,500

iPTH (pg/mL)
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Fig. 2. Changes in serum intact parathyroid hormone (iPTH) level
before and after subtotal parathyroidectomy. Dashed lines indicate
patients with recurrent hyperparathyroidism, and the dash-dotted
line indicates one patient with permanent hypoparathyroidism. The
solid black line indicates the reference value for recurrent hyper-
parathyroidism (195 pg/mL). Pre, preoperative; Post, postoperative.

One of these patients underwent kidney transplantation 6 years
after the subtotal parathyroidectomy. After transplantation, their
iPTH and calcium levels returned to within normal ranges. The
other patient has since been continuing hemodialysis and medi-
cal treatment, maintaining a normal calcium level.

Six months postoperatively, one patient exhibited permanent
hypoparathyroidism with a serum iPTH level of 2.3 pg/mL. His
serum calcium level was 10.0 mg/dL, which was within the nor-
mal range (Fig. 2). Postoperative hypocalcemia occurred in six
patients without any hypocalcemic symptoms (Fig. 3). In these
six patients, the mean calcium level was 7.1+0.3 mg/dL (range,
6.6 to 7.5 mg/dL), although serum iPTH level was within the
normal range. Intermittent administration of oral calcium and
vitamin D and hemodialysis with calcium-containing dialysate
were performed in these patients.
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Fig. 3. Changes in serum calcium level before and after subtotal para-
thyroidectomy. Dashed lines indicate patients with postoperative hy-
pocalcemia. The solid black line indicates the reference value for
postoperative hypocalcemia. Pre, preoperative; Post, postoperative.

DISCUSSION

The ultimate goals of rHPT treatment are to normalize mineral
metabolism and prevent bone disease and extraskeletal manifes-
tations of the altered biochemical processes. The early identifica-
tion and treatment of rHPT can improve bone and mineral me-
tabolism, thus it is important that all patients with a glomerular
filtration rate <60 mL/min/1.73 m* undergo evaluation of serum
calcium, phosphorus, and iPTH levels [3,7].

The initial medical management of rHPT follows a stepwise
approach with the goal of optimizing serum phosphorus and
calcium levels through a combination of a low phosphorus diet
and administration of phosphate binders, vitamin D derivatives,
and calcimimetics [1,3,7].

Cinacalcet is a calcimimetic agent that exhibits allosteric
modulation of calcium receptors on the parathyroid gland. Cina-
calcet is effective even in patients with marked parathyroid hy-
perplasia, suggesting that it may serve as an alternative to para-
thyroidectomy for the treatment of severe rHPT. Indeed, the
rate of parathyroidectomy has decreased dramatically following
the introduction of cinacalcet [1,8].

However, surgical parathyroidectomy remains the definitive
therapy for refractory rHPT, drastically decreasing PTH levels
and ameliorating the symptoms of severe rHPT. Since the intro-
duction of calcimimetics, approximately 1%-2% of patients
with rHPT require parathyroidectomy each year [1,6].

The actual indications for parathyroidectomy for rHPT are
poorly defined, but it should be considered when severe rHPT is
resistant to medical and pharmacological therapy. The K/DOQI
guidelines by the U.S. Kidney Foundation propose that parathy-
roidectomy should be recommended in patients with severe
secondary hyperparathyroidism (persistent serum iPTH levels

>800 pg/mL) which is associated with hypercalcemia or hyper-
phosphatemia and is refractory to medical therapy [9]. The Japa-
nese Society for Dialysis Therapy guidelines recommend surgical
treatment at an early stage of secondary hyperparathyroidism,
given that progressive secondary hyperparathyroidism is known
to influence mortality [10].

Surgical treatment for rHPT should aim for an adequate bal-
ance between the extent of parathyroid resection, prevention of
persistent/recurrent disease, and avoidance of postoperative per-
manent hypoparathyroidism. The surgical management of rHPT
involves standard bilateral exploration with or without bilateral
cervical thymectomy. Since the first parathyroidectomy for sec-
ondary hyperparathyroidism was performed by Fergusson in
1967, several surgical approaches have been reported, namely
total parathyroidectomy alone, total parathyroidectomy with
autotransplantation, subtotal parathyroidectomy, and resection
of only the enlarged parathyroid glands [11]. However, the opti-
mal timing, extent, and type of surgery for rHPT remain a con-
stant matter of debate.

Decision-making about the extent of surgery may depend on
the surgeon’s preference and the clinical status of the patient, in-
volving factors such as the patient’s age, whether they are a can-
didate for kidney transplantation, expected survival after para-
thyroidectomy, and their ability to obtain and comply with med-
ication.

Total parathyroidectomy involves the resection of all four para-
thyroid and any supernumerary glands. Compared to other pro-
cedures, it is associated with a lower recurrence rate, but a high-
er rate of chronic hypocalcemia and adynamic bone disease [1].
In previous studies, the recurrence rate after total parathyroid-
ectomy varied from 1.9% to 23.8% [12,13]. It is not recom-
mended for patients with CKD stage 5D awaiting kidney trans-
plantation, as the control of serum calcium level may be difficult
following the transplantation procedure [14].

Total parathyroidectomy with autotransplantation involves
the removal of all four parathyroid glands. For autotransplanta-
tion, the most normal-appearing or least nodular gland is identi-
fied, and 10-15 mg of this parathyroid tissue is implanted into
the brachioradialis muscle or the subcutaneous fat of the forearm.
This is advantageous as the autograft can be removed by a rela-
tively simple reoperation without re-exploration of the neck in
order to control recurrence [15]. However, Tominaga et al. [16]
reported an increasing frequency of autograft excision over time
for the treatment of recurrence in 2,260 patients over a period of
29 years—7.5% required removal of the autograft after 5 years,
17.4% after 10 years, and 25.8% after 20 years. Also, some au-
thors have reported difficulty during autograft excision due to
the infiltration of implanted parathyroid tissue into the muscular
layers [13].

Subtotal parathyroidectomy involves the resection of three
and a half parathyroid glands, leaving a small remnant in situ.
This is advantageous as it exhibits a lower rate of hypoparathy-
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roidism compared to total parathyroidectomy alone, and is con-
sidered a better choice for patients awaiting a kidney transplant
[5]. Subtotal parathyroidectomy may also be the preferable ap-
proach in predialysis patients, as it results in less pronounced
postoperative transient hypoparathyroidism, thereby causing
lesser deterioration of kidney function than by total parathy-
roidectomy [17].

According to several retrospective case series and cohort stud-
ies, the rates of persistent or recurrent hyperparathyroidism and
postoperative permanent hypoparathyroidism following subtotal
parathyroidectomy range between 0 and 12% and 2 and 17%,
respectively. For total parathyroidectomy with autotransplanta-
tion, these rates vary between 0 and 10% and 0 and 85%, re-
spectively [17].

After subtotal parathyroidectomy, Dotzenrath et al. [18] re-
ported recurrent hyperparathyroidism in only 3.7% of 190 pa-
tients. Among these patients, reoperation was performed in
75%, and more than one reoperation was performed in 37.5%.
However, an alternative study reported recurrent hyperparathy-
roidism in 20.8% of 24 patients [19]. In the current study, we
obtained satisfying results after subtotal parathyroidectomy. In
the majority of patients, iPTH levels dropped dramatically im-
mediately after surgery and were maintained within normal
limits. No patients exhibited persistent hyperparathyroidism and
only two patients (8.7%) exhibited recurrent hyperparathyroid-
ism 6 months postoperatively, exhibiting normal calcium levels
at the last follow-up without reoperation. Postoperative perma-
nent hypoparathyroidism occurred in only one patient who ex-
hibited a normal calcium level and no hypocalcemic symptoms.
Schneider et al. [20] considered moderate postoperative hypo-
parathyroidism as a stable situation in which calcium levels are
between 7.2 and 8.8 mg/dL without the administration of oral
calcium and/or vitamin D, and no symptoms of hypocalcemia
are exhibited. According to this, our patient therefore had mod-
erate hypoparathyroidism.

At present, there is no standardized definition of persistent or
recurrent hyperparathyroidism or postoperative permanent hy-
poparathyroidism which makes the interpretation of data diffi-
cult. Several studies, including ours, have defined recurrent hy-
perparathyroidism after parathyroidectomy as an iPHT level
three times the upper normal limit [18,19]. Using this definition,
subtotal parathyroidectomy was successful in 88% of patients in
this study, and thus this seems to be a useful and effective surgi-
cal treatment for rHPT.

rHPT is generally characterized by multiglandular hyperpla-
sia. Therefore, it is necessary to detect all hyperplastic glands
and remove all lesions to avoid recurrent hyperparathyroidism.
However, the role of preoperative imaging in rHPT is not well
defined [21]. Wimmer et al. [22] reported that all glands were
localized in 36.7% and 13.3% of patients using solely *"Tc-
sestamibi scanning and CT, respectively. Furthermore, Sakman
et al. [23] reported that the number of glands detected by pre-

operative imaging increased when **Tc-sestamibi scanning and
US were utilized simultaneously. In this study, we also found
that the identification rate of abnormal glands tended to in-
crease when a combination of imaging modalities was utilized.
Indeed, more than three abnormal parathyroid glands were lo-
calized in 91.7% of patients when **™Tc-sestamibi scanning, US,
and CT were performed simultaneously.

There exist some inevitable limitations of this study. It is a
non-randomized retrospective study and thus may involve some
selection bias. In addition, the sample size utilized in this study
is small. Therefore, the long-term surgical outcomes and effec-
tiveness of subtotal parathyroidectomy need to be verified in
further studies comprising a larger number of cases and a long-
term follow-up period.

In conclusion, based on our results, subtotal parathyroidecto-
my seems to be a safe and effective surgical treatment for rHPT.
Further prospective studies with a larger sample size are neces-
sary to verify these results, and validate the long-term surgical
outcomes and effectiveness of subtotal parathyroidectomy.
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